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Preface to AcgKnowledge Software Guide

Welcome

Welcome to the AcqgKnowledge Software Guide. The MP System (MP150 or MP36R) is a complete data
acquisition system that includes both hardware and software for the acquisition and analysis of life
science data. The MP System is used for data acquisition, analysis, storage, and retrieval.

In addition to the MP Systems, AcqKnowledge also supports BIOPAC’s licensed BioHarness, B-Alert,
Mobita and Stellar Systems. For more information on these wireless hardware solutions, see the Licensed
Funtionality Chapters at the end of the guide.

AcgKnowledge software not only makes data collection easier, but also performs analyses more quickly
and easily than a chart recorder. Easily edit data, cut and paste sections of data, perform mathematical and
statistical transformations, and copy data to other applications (such as a drawing program or spreadsheet)
for reports and publication.

All BIOPAC data acquisition hardware with AcqKnowledge 4.4 is compatible with Windows® 10/8/7 or
Mac OS X® 10.7-10.10

AcgKnowledge uses the familiar point-and-click interface common to all Windows®and Macintosh®
applications. Complex tasks such as digital filtering or fast Fourier transformations are as easy as
choosing a menu item or clicking your mouse.
This manual covers use of Acqknowledge software with MP150/MP36/BioHarness/B-
Alert/Mobita/Stellar hardware and details BIOPAC equipment available for a variety of applications. If a
desired application is not addressed, just visit the BIOPAC web site at www.biopac.com to download one
of our many Application Notes, or call to request a hard copy or talk to an Applications Specialist.

See also:

* BIOPAC Installation Guide—packed with the software CD.

» BIOPAC Hardware Guide.pdf—available under the Help menu and installed to the User Support folder.
Provides details on Hardware System modules, transducers, electrodes, etc., and setup and calibration.

» BIOPAC Catalogs

MP Research Cataloqlﬂ MRI catalog .E VR & Stimulus Catalog 'ﬂ

Supported Platforms
AcgKnowledge 4.4.1 is supported on the following:

Operating Systems Hardware
Windows 10, 8, 7 MP150 UDP
MP36R
BioHarness BT (Windows only)
Mac OS X 10.7-10.10 B-Alert (Windows only)

Mobita (Windows only)
Stellar (Windows only)


http://www.biopac.com/�
http://www.biopac.com/Manuals/research_catalog.pdf�
http://www.biopac.com/ProductImages/corporate%20images/biopac_mri_catalog_web.pdf�
http://www.biopac.com/Manuals/VR_catalog.pdf�
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What's new for AcgKknowledge 4.4.1

BONUS! AcgKnowledge includes a courtesy copy of our new Analysis package.
See the Analysis chapter for details.

The following features have been added since AcgKnowledge 4.4 was released.
e Windows 10 support
e Support for new BioNomadix Data Logger
e Enhanced support for B-Alert Wireless EEG System
e Enhanced support for Stellar Telemetry System
e New Stellar Specialized Analysis options
e RSA Time-series option added to HRV & RSA Specialized Analysis
e Dropbox support — save/retrieve AcqKnowledge files to/from a Dropbox account
e Collapsible channels — quickly hide and unhide single or multiple channels with one click
e Updated installer
e Bug fixes

The following features have been added since AcgKnowledge 4.3.1 was released.

Automated Analysis Enhancements

e EEG Seizure Analysis — new routine for locating seizures in long-term small animal EEG recordings
e Estimated Cardiac Output from Blood Pressure — new Hemodynamics specialized analysis option

e HRV and RSA automation enhancements — Statistical analysis: Multi-epoch HRV; Spectral Analysis:
Multi-epoch HRV and RSA,; Single-epoch HRV; R-R Poincare Plot; RSA Time-series

New Licensed Feature Options
e Baroreflex Analysis
e Actigraphy Analysis — correlates wireless accelerometer data for sleep studies
New Hardware Integration
e Mobita 32-channel wireless data support
e Stellar Telemetry System support for wireless ECG and blood pressure
- GPS Integration — import GPS data to synchronize physiological data with physical location
- FIR Filter Calculation Channel — apply high quality FIR filters in real time
- Slew Rate Limiter — precise real-time or offline tool for denoising and removing motion artifact

- Event-based Rate Measurements — extract the mean, median and standard deviation of online and offline Rate
outputs

- Elapsed timers — stopwatch, elapsed timers and alarm to time experiment protocols
- Embedded PDF Integration — embed PDFs of procedures, analysis, etc. into graph files and journals
- Sequential File Merge — merge separate graphs into appended segments within the same graph
- Dataquest file format import
- Simplified User Interface and Ul updates
- Simplified installation with new Product Care Center
- New sample data files
- Bug fixes
For a detailed look at what’s new in AcqKnowledge 4.4, watch the Tutorial video here.

Visit the online support center at www.biopac.com
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The following features have been added since AcgKnowledge 4.3 was released:

Horizontal split view — allows viewing of two independent horizontal axis areas in same graph
Journal hyperlinks and page setup tool

High frame rate camera support

MP150 communication improvements

Labels for append events may be edited

Preferences may be cleared by holding Shift key down while launching application
File-specific output control presets for MP36R

Files may be opened for Playback from the Startup Wizard

New scripting commands for: changing output control preset, get acquisition sampling rate, change active output
control, callback for window activation, toggling output control, calibrate a channel of the graph

Epoch Analysis option to start first interval at beginning of each focus area
Support for MPMS200 and OXY300-MRI hardware
New measurement validation sample data files with accompanying spreadsheets for verifying measurements

The following features have been added since AcgKnowledge 4.2 was released.

Windows 8 supported - Noldus import/export

OS X 10.8 supported in Mac version - SMI BeGaze data import

Linked acquisitions supporting multiple hardware - Improved software controls for B-Alert® wireless
types EEG system

Increased channel count support — up to 15,000 - Higher resolution cameras supported in Media
channels Capture/Playback

Consolidated and multiple hardware support - Media Capture/Playback now supports linking to
Improved compatibility for standard user account earlier-format Acqgknowledge 3.9/BSL 3.7 files
presets/specialized analysis settings - Selection palette toolbar icon

Bluetooth integration for BioHarness® - Linked selection option from the I-beam tool
Scaled ECG boundary selection - Measurement column selection

ICG Analysis improvements - Rate/Expression Presets

Pressure Volume Loop Analysis tools - Automated analysis changes to EEG - analyze
Find Cycle enhancements multiple channels in one go

Rate Detector enhancements - Additions to the ICG analysis

Graph Textual Value Display and Toolbar - Journal docking options

Original data restored after canceling - New preference to “pin” dialog windows on top of
transfomations application

Focus Area feature - New MP150 Modules for Heel/Toe Strike, Dyno

Tabbed graph interface Clench Bulb and Goniometer setups

AcgKnowledge 4 Software Guide
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Using this Manual

The AcgKnowledge Software Guide is divided into four parts:

Part A

Part B

Part C

Part D

Getting Started

Please review Getting Started whether new to computer-based data acquisition systems or an old hand at
physiological monitoring. Use this section to become acquainted with how the system works and the most
frequently used features.

Acquisition Functions

Explains data acquisition features and gives a detailed summary of different acquisition parameters. Provides
an in-depth description of the commands used to determine acquisition rate, acquisition duration, and
specialized functions such as triggering, averaging, and online calculation of different values.

Analysis Functions

Details information on analysis features; covers the range of post-acquisition analysis functions and
transformations available with the Hardware System. Describes how to edit data, take measurements and
perform basic file management options (save, print, etc).

Appendices

Answers frequently asked questions, offers hints for working with files, includes information on upgrading
from previous versions, provides technical information about the Hardware Systems and other information
about the AcgKnowledge software.

See also:

BIOPAC Installation Guide

This guide was included with the software CD. It contains full instructions for hardware and software
installation, and how to be up and running with the Hardware System in just a few minutes.

Hardware Guide

BIOPAC Hardware Guide.pdf is available under the Help menu. It gives practical examples of how the data
acquisition unit is used with different components for common types of data acquisition, and includes sample
results and applications for widely used test procedures. This guide provides instructions for connecting
external devices to the data acquisition hardware, electrodes, transducers, amplifiers, etc.

Visit the online support center at www.biopac.com
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User Support System files can be found in the following hard drive location; BIOPAC Systems, Inc/AcqKnowledge

3.x/User Support Systems in the Program Files or Applications folder.

B AcgKnowledge Software Guide.pdf is the software support document

B BIOPAC Hardware Guide.pdf is the hardware guide (with specifications)
The User Support files can also be opened directly from the CD.

The files are in PDF format, and can be read by Adobe Acrobat Reader.

Adobe Acrobat Reader can be downloaded for free at www.adobe.com under the Adobe Acrobat Reader site.

The Samples folder in the BIOPAC program folder contains sample files and graph template Quick Start files for a

variety of applications. Quick Start templates establish the channel setup and acquisition parameters required for a
variety of applications.

To open sample files, choose File > Open then Browse to the BIOPAC Samples folder.
In addition to the standard sample files, measurement sample data files are provided. These files are

configured for specific measurement types and include spreadsheets providing external data necessary for

measurement verification. Each spreadsheet contains procedures and examples for the associated

measurement data file. These sample data files consist of Event Measurements.acq, Traditional.acq (standard
mathematical measurements included in AcgKnowledge), Expression Sum_Calculate.acq and Correl

Coef.acq (Correlation Coefficient).

To open a graph template Quick Start file, choose File > Open then Browse to the BIOPAC Samples folder

(be sure to select/enable the desired file type).

Graph (*.acq)

Graph Template (*.gtl)
Tesxt (.t *.csv)
Journal (*.jcq)

Journal Template (*jtl)

Windows AcgKnowledge 3 Graph (*.acq)
Macintosh AcgKnowledge 3 Graph (%] (7]
Advanced Averaging Experiment (*.aae *.avg)
PhysioMet - WFDE (%) (*.%)

MATLAE Mat-File (*.mat)

Raw () (*.7)

Batch Acquisition (*.beg)

Igor Pro Experiment (*.pxp)

WAV Fowav)

Biopac Student Lab 3 (*.acq *-L¥F *.gtl)

EDF (*.edf *.eeq)

Actigraphy (*.act)

BIOPAC Basic Script (*.bbs)

AcgKnowledge 4 Software Guide
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Where do | find help?

The Introductory sections are intended to provide enough information to get up and running with the MP System,
and become familiarized with some basic AcgKnowledge functions. There are far more features than described in the
first few pages, so here is a guide for how to continue using this manual.

>

Help menu

The online Help menu includes basic information about standard AcgKnowledge functions and links to the
tutorial, software guide and hardware guide for online searchable Help while running AcgKnowledge, plus
links to the BIOPAC web site.

You may also visit BIOPAC’s new Tutorial section at: www.biopac.com/videos.asp for instructional
screencasts of many analysis routines and software features.

Application Notes

The BIOPAC web site at http://www.biopac.com has more than 50 available Application Notes. Download
the desired Application Note or call to request a hard copy.

Acquiring data

For more specific information on different types of acquisitions, see Part B—Acquisition Functions. It covers

basic acquisition parameters in detail, and describes some acquisition features (such as peak detection
techniques and online Calculation channels) not covered in the Getting Started section.

AcgKnowledge

Information about how to edit, display and transform data can be found in Part C—Analysis Functions. It
explains how to import and export data, how to save files, and other file management commands. This
section also explains how to use all of the post-acquisition features of the AcgKnowledge software.

Connecting input devices

To find out how specific modules connect to the data acquisition hardware, turn to the BIOPAC Hardware
Guide PDF file. This section describes how to connect signal-conditioning modules to the data acquisition
unit and how to connect electrodes and transducers to the modules.

Working with large files

Many users need to perform high speed (i.e., fast sampling rates) or long duration acquisitions. These types
of acquisitions tend to generate large (several megabytes) data files that can be difficult to load, store, and
view. The Hardware System can handle such acquisitions—see the Appendices for information on how to
optimize setup for these types of acquisitions.

Troubleshooting

Includes a list of the most frequently asked questions regarding the Hardware System. Check this section
(Appendix A) for commonly encountered problems and solutions.

Visit the online support center at www.biopac.com
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IMPORTANT SAFETY NOTICE

BIOPAC Systems, Inc. instrumentation is designed for educational and research-oriented life science
investigations. BIOPAC Systems, Inc. does not condone the use of its instruments for clinical medical applications.
Instruments, components, and accessories provided by BIOPAC Systems, Inc. are not intended for the diagnosis,
mitigation, treatment, cure, or prevention of disease.

The MP data acquisition unit is an electrically isolated data acquisition system, designed for biophysical
measurements.

Exercise extreme caution when applying electrodes and taking bioelectric measurements while using the hardware
with other external equipment that also uses electrodes or transducers that may make electrical contact with the
Subject. Always assume that currents can flow between any electrodes or electrical contact points.

Extreme caution is also required when performing general stimulation (electrical or otherwise) on a subject.
Stimulation currents should not be allowed to pass through the heart. Keep stimulation electrodes far from the heart
and located close together on the same side of the subject’s body.

It is very important (in case of equipment failure) that significant currents are not allowed to pass through the heart.
If electrocautery or defibrillation equipment is used, it is recommended that all BIOPAC Systems, Inc.
instrumentation be disconnected from the Subject.

AcgKnowledge 4 Software Guide
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Human Anatomy & Physiology Society Position Statement on Animal Use

(Adopted July 28, 1995, Modified January 2001, Approved April 29, 2012)

It is the position of the Human Anatomy and Physiology Society (HAPS) that dissection and the manipulation of
animal tissues and organs are important elements in scientific investigation that introduce students to the excitement
and challenge of their future careers. HAPS supports the use of biological specimens as part of a program of study,
provided their use is in strict compliance with federal legislation and the guidelines of the National Institutes of
Health and the United States Department of Agriculture, and that such use fulfills clearly defined educational
objectives.

The mission of the Human Anatomy and Physiology Society (HAPS) is to promote excellence in the teaching of
anatomy and physiology. A fundamental tenet of science is the ordered process of inquiry requiring careful and
thoughtful observation by the investigator. As subdivisions of biology, both anatomy and physiology share a long
history of careful and detailed examination, exploration and critical inquiry into the structure and function of the
human and animal body.

Consistent with the origins and nature of scientific inquiry, HAPS endorses the use of animals as part of the
laboratory experiences in both human anatomy and human physiology.

Historically, an important tool of investigation in human and animal anatomy has been dissection. A complete
anatomy learning experience that includes dissection goes beyond naming structures and leads the student to
conclusions and insights about the nature and relatedness of living organisms that are not otherwise possible. To
succeed in their future careers, students must become thoroughly familiar with anatomical structures, their design
features and their relationships to one another. Dissection is based on observational and kinesthetic learning that
instills a recognition and appreciation for the three-dimensional structure of the animal body, the interconnections
between organs and organ systems, and the uniqueness of biological material. Dissection conveys the inherent
variability of living organisms not otherwise observable in simulations and models. Physiology experiments
involving humans and live animals provide an excellent opportunity to learn the basic elements specific to scientific
investigation and experimentation. It is here that students pose questions, propose hypotheses, develop technical
skills, collect data, analyze results and develop and improve critical thinking and problem solving skills

Since effective teaching requires a diversity of strategies and approaches, HAPS endorses the use of computer atlases
and simulations, modeling, and video programs to meet educational objectives and the needs of students. Science
educators choosing not to use animals or biological specimens should choose alternatives that are able to convey
equivalent anatomical and physiological intricacies to meet their educational objectives.

Science educators have in common a respect and reverence for the natural world and therefore have a responsibility
to share this with their students. They must communicate the importance of a serious approach to the study of
anatomy and physiology. HAPS also encourages educators to be responsive to student concerns regarding use of
animals and to provide students who object to animal use with alternative learning materials.

HAPS contends that science educators should retain responsibility for making decisions regarding the educational
uses of animals and other strategies and techniques for the betterment of their student’s learning. Furthermore, it
opposes any legislation or administrative policy that would erode the educator’s role in decision making or restrict
dissection and animal experimentation in biology.

Used with permission of:

The Human Anatomy & Physiology Society (HAPS)

251 S. L. White Blvd., P. O. Box 2945, LaGrange, GA 30241-2945
800-448-HAPS (4277) Fax: (706) 883-8215 www.hapsweb.org

Visit the online support center at www.biopac.com
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Part A — Getting Started
Chapter 1 MP Systems Overview

Part A - Getting Started covers the basics of data acquisition and analysis with the MP System (MP150 or MP36R),
since this is the most commonly-used BIOPAC hardware system. All of the material in this section is covered in
more detail in subsequent sections (see Using this Manual, page 18 ).

BioHarness™ users should also see the BioHarness User Guide available under
the Help menu and installed to the User Support folder in the program folder.
Other BIOPAC hardware types, such as B-Alert, Mobita, and Stellar

are covered in the Licensed Functionality chapters at the end of the guide.

Overview

The MP System (MP150 or MP36R) is a computer-based data acquisition system that performs many of the same
functions as a chart recorder or other data viewing device, but is superior to such devices in that it transcends the
physical limits commonly encountered (such as paper width or speed). Data collection generally involves taking
incoming signals (usually analog) and sending them to the computer, where they are (a) displayed on the screen and
(b) stored in the computer’s memory (or on the hard disk). These signals can then be stored for future examination,
much as a word processor program stores a document or a statistics program saves a data file. Graphical and
numerical representations of the data can also be produced for use with other programs.

Function MP150
Aggregate Sample Rate
Internal MP150 Buffer: 400 kHz
To Cpt. Memory or Disk: 300 kHz
Internal Buffer Size: 6 Mbytes
AJ/D Converter Signal/Noise Ratio: 86 dB typical
D/A Resolution: 16 bits
D/A Output rate: Independent of A/D rate
Communication to Computer: Ethernet (10 base T, UDP and DLC Type II)

The MP System utilizes the same hardware, excepting the computer interface. The software has the same “look and
feel” on computers running Windows® or Mac® OS X.

» The system is referred to as “MPWSW” for Windows® or “MPWS” for Mac.

The MP System consists of several major components, including hardware and software. The AcqKnowledge
software included with the MP system allows full control over editing data, the way it appears on the screen, and
performs four general functions:

(a) Control the data acquisition process;

(b) Perform real-time calculations (such as digital filtering and rate detection);
(c) Perform post-acquisition transformations (such as FFT’s and math functions);
(d) Handle file management commands (saving, printing, and the like).

The heart of the MP System) is the MP data acquisition unit, which converts incoming physiological data into digital
signals that can be processed and displayed on a computer interface. The MP150 data acquisition unit connects via
Ethernet, the MP36R connects via USB.

The MP150 System also includes a Universal Interface Module (UIM100C) for connecting external devices to the
MP150 data acquisition unit. Connect chart recorders, pre-amplified signals, and digital signals such as those from
triggers or event counters/recorders. The UIM100C connects to the front of the MP150 data acquisition unit via two
cables (Analog and Digital). As a rule, both cables should be connected. The connectors for each of the two cables
are different, so there is only one way the UIM100C can be connected to the MP150 data acquisition unit.

A wall transformer is included with the MP System (MP150 or MP36R) to convert AC mains power into DC power
suitable for system operation and safety.

AcgKnowledge 4 Software Guide
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MP36R support

The MP36R is a four-channel data acquisition unit designed to work with AcqKnowledge 4.1 and above for the
research market. AcgKnowledge support for the MP36R unit includes:

MP36R

Standard data acquisition and data acquisition features (triggering, multiple channels, variable sampling rate,
input values)

Output control functionality for controlling stimulators, digital channel, and channel redirection to output.
Standard analog presets for all SS series transducers
Electrode Check support

Multiple-MP device support. Similar to multiple MP150 support, each graph may acquire from a maximum
of one unique MP device.

Control channel support for changing digital output lines based on calculation channel analysis

Notes The computer sleep mode should be disabled—if the computer goes to sleep while Acqknowledge 4
is running, communication with the MP36R may be lost and the application may freeze. To prevent
this from occurring, modify the computer settings to prevent the computer from going to sleep.

= |f sleep mode is enabled and causes the
application to freeze, force quit the application
and “power cycle’ the MP unit to re-establish
communication.

= During an unresponsive period, the ‘Connect
Hardware’ dialog may display odd characters
in place of the MP serial number or the
computer, upon waking up, may generate a
“Driver irgl not less or equal” error dialog.

AcgKnowledge software does not support MP36
units from the Biopac Student Lab product line (without the “R” designation).

Mac OS users: Connect the MP36R directly to the computer, do not connect MP36R via hub or
keyboard.

MP System Requirements

Suggested minimum system requirements are detailed below. Recommendations are included to optimize system
performance; more memory and a faster system will enhance MP System performance. If planning to acquire data
for more than a few hours and/or are sampling at more than 1,000 samples per second, see the Disk Space note.

Windows  For AcgKnowledge 4.4

(O] Requires Windows 10/8/7 or Mac OS X 10.7-10.10
MP150 Requires Ethernet (UDP), MP36R requires USB.

Port Note To use an MP150 with UDP communication on a network with a non-Windows DHCP server,
it is necessary to use firmware rev. 1.1.12 or greater in order for the MP150 unit to properly be
assigned an IP address. This is also true for any DHCP system with non-Windows operating
systems, such as Unix, Linux, Mac OS X, and other DHCP-aware devices.

Hard Disk Requires 1 GB to store the software and online manuals; additional 1 GByte recommended for data

storage

RAM 1 GB recommended

PC: Pentium 4 or higher

Processor

Mac: Intel Core Duo or higher

Visit the online support center at www.biopac.com
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Disk Space

With any program, adequate disk space is necessary for storage of data files. Some users may generate data files
of several hundreds of megabytes. To acquire data for long periods (more than a few hours) while sampling at
relatively fast rates (more than 1,000 samples per second), as much disk space as possible should be available. (A
removable drive may also be used). See the Appendices for hints on working with large files.

Windows XP Compatibility

AcgKnowledge 4.4 is officially released for Windows 10, 8, 7, and Vista operating systems. AcgKnowledge 4.4
is not supported on Windows XP.

Automator Integration and Scripting Support

Mac OS X 10.4 and greater includes a visual scripting environment called “Automator.” Automator allows for
drag and drop creation of “Workflows.” Each workflow is a series of steps that is performed in another
application. Each individual step is called an action. An action encapsulates a simple operation within another
application, such as opening a text file in TextEdit or applying a filter within Photoshop.

Over 40 actions have been written to allow AcqKnowledge to be controlled from Automator workflows. Using
these actions, workflows can be constructed to perform sequences of transformations, automating post-
acquisition analysis, performing experimental protocols, and other repetitive operations.

Workflows can be constructed using Automator. It is also possible to create, edit, and execute workflows directly
from within the AcqKnowledge environment using the new “Workflow” menu. The Workflow menu allows the
creation of workflows specific to an individual user account or to one shared by all Acqknowledge users. These
workflows can then be edited in the Automator environment. Each workflow created using Workflow > New
Workflow will appear at the bottom of the Workflow menu each time AcgKnowledge is launched. By simply
selecting the name of the workflow from the Workflow menu, AcgKnowledge will execute the workflow.

Workflows executed from the Workflow menu should begin with either an “Open Graphs” or a “Get Active
Graphs” action. Workflows intended for use outside of the AcqKnowledge environment (e.g. used as Folder
Actions) should begin with a “Launch Application” action to start AcqgKnowledge followed by an “Open
Graphs” or a “Get Active Graphs” action.

For more information about Automator and help constructing workflows, see the Apple website at:
http://support.apple.com/kb/HT2488

AcgKnowledge 4 Software Guide
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MP System Features
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In conjunction with your computer, the MP System is a complete system for acquiring almost any form of
continuous data, whether digital or analog. The MP System can perform a range of recording tasks, from high-speed
acquisitions to long duration acquisitions. Generally speaking, for physiological applications, the MP System is
limited only by the speed of your computer and the available memory or disk space. Features of the MP System

include:

Easy to use

Flexible

Menu flexibility

High Speed Sampling

Arbitrary Sample
Rates

Calculation Channel
Presets

Template files

Online Calculation

Online filtering

Online measurements

The MP System offers the same convenient and easy-to-use features which computer
users are accustomed to. Since the MP System (MP150 or MP36R) software runs under
these Windows and Mac OS environments, you can run other applications while you are
collecting data. In terms of hardware setup the MP System (MP150 or MP36R) uses
simple plug-in connectors and standard interface cables.

You don’t need a degree in electronics to Set Up your system!

The MP System can be configured for a wide variety of applications, from single channel
applications to multiple-device measurements (up to 16 analog and 16 digital, or multiple
MP150s). You control the length of acquisition, the rate at which data is collected, how
data is stored, and more...all with a few clicks of the mouse button. Whether you’re
measuring alpha waves or collecting zoological data, the MP System (MP150 or MP36R)
can meet your needs.

You can easily customize menu displays to show only the functions you are using, thereby
reducing the risk of error or confusion in your lab. This function is extremely powerful for
laboratories working to GLP guidelines. It is also useful for teaching applications where
instructors can hide unnecessary menu items. See Appendix D—Customizing Menu
Functionality.

Sample rates up to 400 KHz aggregate

Apply different sample rates between channels or operate the STM100C stimulator at a
different rate than the acquisition sample rate

Customize your recording for specific measurements.

AcgKnowledge “ Quick Start’ templates are available for over 40 applications. Just open
the template file and start the acquisition—appropriate settings are established for the
selected application.

Although the MP System provides an extensive array of measurements and
transformations you can apply to collected data, sometimes you need to perform
computations while data is being collected. The online Calculation functions allow you to
calculate new channels based on incoming signals. This feature allows you to compute
BPM, for instance, based on raw ECG data.

Many times, it is preferable to filter data as it is being collected, rather than having to wait
until after the fact, so now you can apply filters to incoming data and view the results in
real time. That means online monitoring of data filtered to suit your needs.

The MP System can instantly compute over a dozen measurements and computations for
any given data point(s). These options are available from pull-down menus and include
mean, peak-to-peak, value, standard deviation, frequency, and BPM.

Visit the online support center at www.biopac.com
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Validation

Preview your data

Replace (or augment)

a chart recorder

Simplified editing

Append mode

Digital filtering

Digital Output

X/Y plotting

Histogram function

Math functions

Annotation
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Validate measurements with the ValidateMeasurements.acq sample file that was
included with the software. The measurement definitions (page 95) include
measurement formulas and “Sample data file” explanations.

Similar to chart recorders, the MP System allows you to change both the vertical
scale and the horizontal scale. You can change the amplitude scale or the time
scale to any value you wish, or you can have the MP System automatically scale
them for you.

Whether you want to replace a chart recorder or simply supplement an existing
setup, the MP System is fully compatible with most major recording devices.
What’s more, the MP Systemis compatible with most popular input devices, so
you can continue using the same transducers, electrodes and sensors.

It used to be that once your data was collected, the only way to edit it was with
scissors and adhesive tape. Now you can delete unimportant sections of your data
with a keystroke. You can “paste” together sections from different waves, or
simply edit out noise spikes from individual waves.

For some applications, data only needs to be recorded during some portions of a
long experiment. AcqgKnowledge has an “Append” mode that lets you pause the
acquisition for as long as you wish, and resume the acquisition as many times as
needed. In this mode, you can start and stop a recording as you would with a chart
recorder. Appending data saves on storage space and processing time for
transformations.

All data contains measurement error and noise. Now you can reduce or eliminate
that error by using the digital filters and smoothing transformations included in
the MP System. You can smooth data across any number of samples, or filter out
noise from any frequency or bandwidth you wish.

You can control external devices when an input or calculation channel meets
trigger conditions you specify. Use the Control channels to output a pulse when
the signal on an analog channel falls above or below a given threshold.

You can view and acquire data in the form of an X/Y plot, with one channel on
the horizontal axis and another on the vertical axis. This allows you to explore
relationships between different channels and opens up a whole range of
applications, from chaos plots to respiration analysis to vectorcardiograms.

You can easily examine the variability and the measures of central tendency of
any waveform data with the histogram function. Set the plotting options to suit or
let the software determine the “best fit” for graphing your data.

In many cases, simply collecting raw data is not enough. AcqKnowledge has an
array of built-in mathematical functions ranging from simple absolute value to
computation of integrals, derivatives, and operations involving multiple
waveforms (such as subtracting one wave from another). You can even chain
multiple functions together to form complex equations or expressions.

AcgKnowledge has a Journal you can use to append comments concerning your
input data, either online or after the fact. This is especially useful for noting the
characteristics of an acquisition (what was involved, what manipulations took
place, and the like) for future reference.

See also: Text annotation, page 60.
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Triggering

Event marker

File compatibility

Pattern recognition

Cycle/Peak detection

Printing

Report generation

User Support
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If you need to measure response times or start data collection only after some
event has occurred, the MP System allows you to trigger an acquisition in a
number of different ways. You can trigger on the level of a signal, or with an
external synchronizing trigger.

Many times, especially during a long acquisition or in a laboratory setting, it is
useful to make a note of when specific events occurred so that these events (such
as when a manipulation occurred) can be recorded and any changes in the data
can be noted. The event function allows you to insert symbols in the record and
add text for each event. These can be added either while data is being collected or
after the fact. Event functionality can be automated for sequential application or
customized for Function keys.

Data can be saved and viewed in a number of different formats. For word
processor programs like Microsoft Word®, use Copy to Clipboard and then paste

into the document. Use Save as Excel for Microsoft Excel®. You can output your
data in either text or graphical form, and AcqgKnowledge can even read-in raw
data from a text file. Open (import) or save as (export) MATLAB™ and Igor Pro
Experiments, or raw (binary) data for low level exchange.

Using an advanced pattern search/recognition algorithm, the MP System can
automatically find a specific pattern within waveforms. This is useful for finding
abnormal waveforms (such as irregular ECG waves) within a data file.

AcgKnowledge has a built-in algorithm to find cycle data, such as positive or
negative peaks, from any size data file. You can even search for all the
cycles/peaks with one command and automatically log statistics like time and area
to the journal.

The MP System provides a range of printing options, and allows you to fit your
data on one page or many. You can print several graphs per page, even if you
only have one-channel recordings. Since MP System (MP150 or MP36R)s run on
Windows or Mac OS, no special printer drivers are required.

AcgKnowledge has many features to simplify report generation. Use the Journal
for notes and quickly copy and paste graph data or measurements to the journal or
to another program. Cascade event markers to prevent print overlap and select the
range of data to print and which options to display (measurements, event markers,
etc.). Use the Playback mode to simulate acquisition for presentations.

Whether you have a question about compatibility with your existing equipment or
you need to develop a specialized measurement device, BIOPAC’s Applications
Department can address the problem.

Visit the online support center at www.biopac.com
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Application Features
Use your MP System with AcqKnowledge software for a wide array of applications, such as:

Active Electrodes

Allergies

Amplitude Histogram

Anaerobic Threshold

Animal studies

Auditory Evoked Response
(AER)

Automate Acquisition Protocols

Automated Data Analysis

Automatic Data Reduction

Autonomic Nervous System
Studies

Biomechanics Measurements

Blood Flow / Blood Pressure
/Blood Volume

Body Composition Analysis

Breath-By-Breath Respiratory
Gas Analysis

Cardiac Output

Cardiology Research

Cell Transport

Cerebral Blood Flow

Chaos Plots

Common Interface Connections

Connect to MP System (MP150
or MP36R)s

Control Pumps and Valves

Cross- and Auto-correlation

Current Clamping

Defibrillation & Electrocautery

Dividing EEG into Specific
Epochs

ECG Analysis

ECG Recordings, 12-Lead

ECG Recordings, 6-Lead

EEG Spectral Analysis

Einthoven’s Triangle

EMG and Force

EMG Power Spectrum Analysis

End-tidal CO2

Episode Counting

Ergonomics Evaluation

Event-related Potentials

Evoked Response

Exercise Physiology

External equipment, controlling

Extra-cellular Spike Recording

Facial EMG

FFT & Histograms

FFT for Frequency Analysis

Field Potential Measurements

Fine Wire EMG

Forced Expiratory Flow &
Volume

Gait Analysis

Gastric Myoelectric Activity

Gastric Slow Wave Propagation

Gastrointestinal Motility
Analysis

Hardware Flexibility

Heart Rate Variability

Heart Sounds

Histogram Analysis

Imaging Equipment, Interfacing

Indirect Blood Pressure
Recordings

Integrated (RMS) EMG

Interface with Existing
Equipment

Interface with Third-party
transducer

Invasive Electrode
Measurements

lon-selective Micro-electrode
Interfacing

lontophoresis

Irritants & Inflammation

Isolated Inputs & Outputs

Isolated Lung Studies

Isometric Contraction

Isotonic Contraction

Jewett Sequence

Langendorff Heart Preparations

Laser Doppler Flowmetry

Left Cardiac Work

Long-term Monitoring

Lung Volume Measurement

LVP

Median & Mean Frequency
Analysis

Micro-electrode signal
amplification

Migrating Myoelectric Complex

Motor Unit Action Potential

Movement Analysis

MRI Applications

Multi-Channel Sleep Recording

Nerve Conduction Studies

Neurology Research

Noninvasive Cardiac Output

Noninvasive Electrode
Measurements

Nystagmus Investigation

Oculomotor Research

Off-line ECG Averaging

Online Analysis

Online ECG Analysis

Orthostatic Testing

Peripheral Blood Flow

AcgKnowledge 4 Software Guide

Peristaltic (Slow Wave) Propagation
Planted Tissue

Pressure Volume Loops
Psychophysiology

Pulsatile Tissue Studies

Pulse Rate Measurement

Pulse Transit Time

Range of Motion

Real-time EEG Filtering
Real-time EEG Filtering
Recurrent Patterns

Regional Blood Flow

Relative BP Measurement
Remote Monitoring
Respiration Monitoring
Respiratory Exchange Ratio
Rheumatology

Saccadic Eye Movements
Sexual Arousal Studies

Signal Averaging
Simultaneous Monitoring
Single Channel Analysis
Single-fiber EMG
Software-controlled Stimulator
Somatosensory Evoked Response
Spectral Analysis

Spike Counting

SpO2 Analysis

Stand Alone Amplifiers
Standard Operating Procedures
Startle Eye Blink Tests

Startle Response

Stimulator, software-controlled
Systemic Vascular Resistance
Template Analysis

Tissue Bath Monitoring

Tissue Conductance Measurement

Tissue Magnitude & Phase Modeling

Tissue Resistance & Reactance
Ussing Chamber Measurements
Ventricular Late Potentials
Vestibular Function

Visual Attention

Visual Evoked Response

V02 Consumption

Volume/Flow Loop Relationships
Working Heart Preparations



Application Notes

BIOPAC has prepared a wide variety of application notes as a useful source of information concerning certain
operations and procedures. The notes are static pages that provide detailed technical information about either
a product or application. A partial list of Application Notes follows. You can view or print application notes
directly from the Support section of the BIOPAC website www.biopac.com.

APP NOTE Application

#AH101 Transducer Calibration and Signal Re-Scaling
#AH102 Biopotential Amplifier Testing w/ CBLCAL
#AH103 Remote Monitoring System (TEL100C)
#AS105 Auditory Brainstem Response (ABR) Testing
#AS105b/c ABR Testing for Jewett Sequence

#AS108 Data Reduction of Large Files

#AS109 3-, 6-, and 12-Lead ECG

#AH110 Amplifier Baseline (Offset) Adjustment
#AS111 Nerve Conduction Velocity

#AH114 TSD107A* Pneumotach Transducer
#AH114b TSD107B* Pneumotach Transducer

#AS115 Hemodynamic Measurements—Part |
#AS116 Hemodynamic Measurements—Part Il
#AS117 Pulse Transit Time and Velocity Calculation
#AS118 EMG Signal Analysis

#AS119 EMG Power Spectrum Analysis

#AS120 X/Y Loop Area Analysis

#AS121 Waveform Data Reduction

#AS122 Power Spectrum Analysis

#AH125 Pulse Oximeter Module Operation

#AH127 Precision Force Transducers

#AH128 Active Electrode Specifications and Usage
#AS129 Heart Rate Variability

#AH130 Blood Pressure Measurement

#AS131 Averaging Mode

#AH132 TSD105A Variable Force Transducer

#AH135 TSD117 Pneumotach Transducer

#AH136 BAT100 Instructions

#AH140 Angular Measurements with Goniometers
#AH141 Tri-Axial Accelerometer Calibration

#AS142 AcgKnowledge Rate Detector Algorithm
#AS143 Importing AcqKknowledge Data Into Excel
#AH144 Hand Dynamometer Calibration

#AH145 TSD101B Respiratory Effort Transducer
#AS148 Automated ECG Analysis

#AH149 02100C Module

#AH150 02100C Module—Sample application
#AH151 C02100C Module

#AH152 C02100C Module—Sample Application
#AH153 Physiological Sounds Microphone

#AH154 HLT100C High Level Transducer

#AS158 Analysis of Inspired and Expired Lung Volume
#AH159 TSD116 Series Hand Switch and Foot Switch
#AH160 Gas Analysis Module Response Time
#AS161 Automated Tissue Bath Analysis

#AH162 Stimulation Features

#AS168 Analysis of Intraventricular Pressure Wave Data (LVP Analysis)
#AS169 Speech Motor Control

#AH170 LDF100A Laser Doppler Flow Module
#AH175 Using the STMISOC Stimulus Isolator
#AS177 ECG Analysis using the Offline Averaging Mode
#AS183 VO, Measurement

#AH186 Psychological Assessment using the TSD115
#AH187 Electrodermal Response (EDR) using the GSR100 or TEL100
#AH190 Using the MCE100C Micro-electrode Amplifier
#AS191 Cardiac Output Measurement using the EBI100C and AcgKnowledge

#AH249 Online Averaging Latency Parameters (ISI, ABR)
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AcgKnowledge software performs two basic functions: acquisition and analysis. The acquisition settings
determine the basic nature of the data to be collected, such as the amount of time data will be collected for
and at what rate data will be collected. All of the acquisition parameters can be found under the hardware (or

MP) menu. The other menu commands pertain to analysis functions such as viewing, editing, and

transforming data.

Note: Minor differences exist between the Windows and Mac OS X screen displays and keystroke/mouse
functionality. These differences are noted throughout this section.

Menu

Functionality

See Page

File

New, Open, Open Recent, Open for Playback, SMI BeGaze Import, Close, Save,
Save As, Save Selection As, Save Journal Text As, Send Email as Attachment, Page
Setup, Print, Quit

245

Edit

Undo, Cut, Copy, Paste, Clear/Clear All, Remove Last Appended Segment, Insert
Waveform, Duplicate Waveform, Select All, Remove Waveform, Create Data
Snapshot, Merge Graphs, Clipboard (Copy Measurement, Copy Wave Data, Copy
Graph, Copy Acquisition Settings, Copy Data Modification History for All Channels,
Copy Data Modification History for Graph, Copy Focus Area Summary, Copy Event
Summary), Journal (Paste Measurements, Paste Wave Data, Paste Acquisition
Settings, Paste Modification History for All Channels, Paste Modification History for
Selected Channel, Paste Focus Area Summary, Paste Event Summary, Manage
PDFs, Show Journal)

268

Transform

operations that primarily modify the data in the graph

Recently Used, Digital Filters, Fourier Linear Combiners, Math Functions, Template
Functions, Integral, Derivative, Integrate, Smoothing, Difference, Resample
Waveform, Resample Graph, Expression, Delay, Rescale, Waveform Math, Slew Rate
Limiter

278

Analysis

operations that derive data & measurements from the graph

Recently Used, Histogram, Autoregressive Modeling, Nonlinear Modeling, Power
Spectral Density, Autoregressive Time-Frequency Analysis, FFT/IFFT, DWT Discrete
Wavelets, Principal Component Analysis/Inverse PCA, Independent Component
Analysis/Inverse, Find Cycle, Find Rate—plus a courtesy copy of the Specialized
Analysis package with classifiers and automation routines

309

AcgKnowledge 4 Software Guide
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Data Snapshots, Load All Data Into Memory

Display Tile Waveforms, Autoscale Single Waveform, Autoscale Waveforms, Optimize 424
Ranges, Overlap Waveforms, Compare Waveforms, Autoscale Horizontal, Show All
Data, Show Default Scales, Zoom, Reset Chart Display, Reset Grid, Adjust Grid
Spacing, Set Wave Positions, Set Channel Visibility, Wave Color, Horizontal Axis,
Show, Customize Toolbars, Channel Info, Preferences, Size Window, Cursor Style,
Split View, Create Data View, Create Focus Area, Organize Data Snapshots, Show All

MP150 Set Up Data Acquisition, (Channels, Length/Rate, Event Marking, Segment Labels, 106
MP36 Stimulator, Trigger, Sound Feedback), Set Up Advanced Averaging, Show Input
B-Alert* Values, Show Manual Control, Show Gauge, MP150 info, Update Firmware,

AutoPlotting, Scrolling, Warn on Overwrite, Organize Channel Presets, Set Up Linked

BioHarness* | Acquisitions, Exit Playback Mode, Manage Hardware Connections
Mobita* *Not all MP hardware menu items listed above will be available with B-Alert,
BioHarness, Mobita or hardware.
Playback Replaces the hardware menu when Playback mode is active (use File > Open for 43
Playback and Playback > Quit playback to toggle playback and acquisition modes)
Window Controls the position of windows on the monitor 453
Help Provides online support files (PDF format and web links). 453
Media Capture or Playback media files(.avi, .wmv, or mpg) and synchronize with .acq data 455

Launching the AcgKnowledge software

The first step is to launch the software by double-clicking on the AcqKnowledge icon. If
hardware is not properly connected, you may receive connection messages resembling the
following examples. (Examples shown are from the commonly-used MP150 hardware.)

AcgKnowledge

Unable to communicate with MP150 device "™MP150 00060F".
Flease verify power and connections. Click "Retry” to attempt to re-establish communications.

Click "Cancel” to continue without using this device.

Cancel | Retry I

x

Unable to establish communications with any data acquisition hardware. Please make
sure your hardware is properly connected and is powered on. If no data acquisition
hardware is available, dick "Analyze Only” to open and analyze data without any

hardware.
Quit Analyze Only | Retry I

AcqKnowledge - Connect Hardware

Choose MP 150 devices.

Work with: | ] MF 150 000101 D
] MP150 00034A
[] MP150 000102
[ MP150 000210
[] MP150 000A29
[ MP1i50 000223
[] MP150 000825 =l

Uncheck all devices and press OK to continue without connecting any hardware.

Refresh Now | CK I

AcgKnowledge - Choose MP150

Chooze a new MP150.

Work with: [MP150 D0060F |

(UDF) Help... | Refresh Now I OK. | Cancel |

If you receive a hardware prompt when you launch AcgKnowledge, there are two possibilities: You have not
properly connected everything and/or you have not powered up the hardware system.

Visit the online support center at www.biopac.com
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» To use AcgKnowledge without a data acquisition unit (depending on the dialog), choose Cancel,
Analyze Only, No Hardware, or set Preferences > Hardware > General to “Always work with no
data acquisition hardware connected.”

AcgKnowledge - Preferences

Measurements
Waveforms
Event Summary
Graph

| Journal

Performance
Metworking
Script Editor
Other
Window

General
’7|' Always work with no data acquisition hardware connected

Line frequency: IGD Hz (United States) LI
Default analog channel display units: I\rolts -

Data Acquisition Device Priority. .. |

When creating new graph windows:
% Use default hardware and channel setup

{~ Copy hardware and channel setup of last active graph

Assuming everything is properly connected and there are no conflicts, AcqKnowledge will launch the Startup
Wizard (see next page). Use this wizard to choose whether to create a new experiment, open a saved graph for
analysis or access the Help and support files.

Standard Startup Wizard under
‘Create and/or Record a new
experiment’

Functionality

Create empty graph

Opens new graph window for acquiring data with hardware. Combo box to the right
selects hardware, if more than one type is available.

Open graph template from disk

Brings up ‘Open’ window for browsing to location of saved graph templates.

Use recent graph template

Activates list of recently-opened graph templates for easy selection.

Sample graph template

Activates list of sample graph templates stored in AcqKnowledge program folder for
easy selection.

Quit/OK Quits application or confirms selected operation.
Hardware type menu (center right of If different hardware types have been previously added, they may be selected here
screen) upon subsequent application launches. (If not, this menu will not appear.)

AcgKnowledge 4 Software Guide
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*= Open agraph file Presents similar options for analysis of existing graphs, including checkbox
option to launch graphs in Playback mode.

= BioNomadix Logger Presents options for importing BioNomadix Logger data from the Logger
device or from disk. Not applicable unless the wireless BioNomadix Data
Logger is being used. For further information about the Logger, click here.

= Help Launch various help and support options, including Web screencast tutorials.
Upon first application launch, this selection is displayed by default.

NOTE: The Startup Wizard may be disabled following launch if desired. Choose “Display >
Preferences > Other > When application is lauched," change the default from “Show Startup Wizard”
to “Create new empty graph window” and click OK.)

A “window” is the term used for the area on your computer’s screen where data is displayed and/or
manipulated. The graph window on the screen is designed to provide you with a powerful yet easy-to-use
interface for working with data.

At this point, you can use this window, create a new window, or open an existing window.

It’s a good idea to create a new graph window for each acquisition. To create a new graph window after the
original launch, choose “File > New.”

Setting up channels using Module Setup (MP150 Hardware)

By default, Acqknowledge presents the Module Setup dialog when a new graph window is launched via
“Create/Record a new experiment.” This view enables stepwise configuration of AcqKnowledge modules and
transducers simply by choosing from the list of supported hardware options, which can greatly simplify setup.

What type of module should be added?
ACCLIR s
DA100C
DYMEM-R
EBI100C
ECG100C and ECG 100C-MRI
ECG2R
EDA100C
EDA100C-MRI
EEG100C and EEG 100C-MRI
EEG2-R
EGG100C
EGGZR
EMG100C and EMG100C-MRI 4
Cancel | Add

For further details on Module Setup, see page 109.
Setting up channels manually

If manual setup of channels independent of hardware is preferred, click “Cancel” in the Module Setup dialog
and choose the “View by Channels” option at the bottom of the channel setup screen. This will display the
manually-configured Input Channels Setup dialog.

NOTE: You may also disable the default factory channel setup by going to “Display > Preferences >
Hardware” and changing the “When creating new graph windows use:” option from “Minimal channel
setup” to “User-defined default channel setup.” (For full details on this preference, see page 448.)

Also note that, when using this setting, the following message will appear upon closing the setup dialog until
all user-defined default settings are accepted by clicking “Yes.”

Visit the online support center at www.biopac.com
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Basic Analog Channel Information

il
Analog I Digital | Calaulation |
View by Modules. .. Setup...
acquire| Plot [ Value | channel Lahel | Htaa s B
v ™2 I~ Al Analog input
- r [ A2 Analog input 1,000 kHz
I~ - = A3 Analog input 1,000 kHz .
— - = A4 Analog input 1,000 kHz If usl ng ACq Knowledge
- - ] AS Analog input 1.000 kHz . .
— - = A Analog input 000 kHz Wlth BIOHarneSSTMa Analog
I~ - [ ] A7 Analog input 000 kHz
I~ - r AB Analog input 1.000 kiiz Chan HEIS can be tu l’ned
— - = A9 Analog input 1,000 kHz
- r = A1D Analog input 1.000 kHz = On/Off bUt nOt Changed'

By default, all channels are deselected on new graph windows. Usually, you will want to check all three boxes
(Acquire, Plot, and Value) for each channel selected to acquire data.

Acquire  When the Acquire box is checked for a given channel, data will be collected on that channel.

Plot Determines if data will be plotted in real-time during the acquisition. If the plot box is unchecked,
data will be recorded, but the associated channel will remain hidden.
Value Enables a separate Show Input Values window to display the values for each channel in real time,

numerically and/or graphically.

Channel  This is a dynamic alpha-numeric heading based on the type of channel selected: Analog (or
continuous), Calculation, or Digital. In the sample above, “Al” indicates Analog channel one.

Label To the right of each channel number is an editable label for entering channel information.

Channel  The channel sample rate is a function of the acquisition sample rate: all channel sample rate

Sampling options are equal to or less than the acquisition sample rate (as established via “Hardware

Rate > Set Up Acquisition™). The options are a specific power of 2 less than the acquisition
sample rate. Use the pull-down menu to set the channel sample rate. See page 113 for details.

Basic Digital Channel Information

In contrast to analog data, Digital channels collect binary data that represent when a measuring instrument is
“on” or “off.” (For example, records whether a switch is open or closed, as in reaction time studies or control
applications.) Digital channels are acquired, plotted, and have values listed the same fashion as analog
channels. For more details about Digital channels, see page 122.

Basic Calculation Channel Information

Calculation channels are used for online computations and transformations of other channels. These channels
are configured similarly to analog and digital channels, but also have additional dialogues to specify the types
of transformations and computations to be performed.

Calculation channels include Presets as a quick way to get started—choose a preset and the software
automatically sets the gain, offset, etc. appropriate for the selected application.

When a new Calculation channel is enabled, a simple setup dialog corresponding to the selected preset is
presented, which helps facilitate proper setup. Choose from the list of available presets or create a custom
preset; see page 112 for details.

For a detailed summary of Calculation channel options, see the Calculation Channel section beginning on
page 122.

For a detailed look at launching and setup of AcgKnowledge software, watch the Tutorial video here.
Selecting Hardware

When AcgKnowledge is first launched, you may select an available data acquisition device from the “Connect
to:” dialog. The dialog lists all devices that are powered ON and sitting on the same local area network. When
using more than one MP150 device or working across a network, it will be necessary to lock/unlock an
MP150 to acquire data (see Appendix E on page 555 for details). The selected MP150 unit will be listed in
the upper left of the graph display as “Connect to:” if the Hardware toolbar display is enabled.

AcgKnowledge 4 Software Guide
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=
(To display the Hardware toolbar click the “add toolbar” icon and check the “Hardware” option.

Connect to:

MP150 0010F1
v MP150 00060F
Mo Hardware

Add Mew Device  *

Setting Up Acquisitions
MP150 Window Help Media

Set Up Data Acguisition...

. Data Acquisition Settings for "MP150 00060F

Channels
IRecord ;I and |.¢\ppend ;I using |Mem0ry ;I
Ewvent Marking
5 t Label
SE?HHJE;N'B = Sample rate: I 2000 ;I samples second [ Reset |
Trigger
Sound Feedback Acquisition Length: | 1300000000 [s=conds | (130063371 Samples max)
FE
[~ Repeat every ||:|,|:||j|j|:||j |secc.nds LI If'c.r ;I |1 times

Once the channel parameters have been defined, the next step is to specify the acquisition settings. Choose
Hardware menu > Set Up Data Acquisition > Length/Rate from the Data Acquisition Settings dialog to
specify the type of acquisition to be performed. The basic parameters involve:

a) How data should be collected and stored
b) The data collection rate
c) The acquisition duration (total length)

Storage Record and Append to Memory is the default acquisition option. Under this option, the MP System
automatically records data into a single continuous file, and stores the data in computer memory
(RAM) during the acquisition.
The third popup menu at the top of the dialog (which defaults to Memory) specifies where data should
be stored during the acquisition. You will probably want to choose Memory or Disk storage. If your
system uses any virtual memory, AcqKknowledge will use as much as possible. You may also store
data directly to the MP150 data acquisition unit, which can store 4 MB; you cannot store data directly
to the MP36R or other BIOPAC hardware types.

» The advantage of storing to the MP data acquisition unit is that much faster
sampling rates may be obtained.

» The disadvantages of saving data to the MP data acquisition unit are that there is
limited storage space and that data is not displayed on the screen while it is being
collected. When the acquisition has stopped, however, the data will be automatically
displayed on the screen.

The other option under storage is Averaging, which allows you to take repeated trials of the same
data. For more information on this feature, see the averaging section on page 162.

Rate Acquisition Sample Rate refers to how many samples the MP System should take each second. The
higher the sample rate, the more accurate the signal processing. However, as the sampling rate
increases, so does the demand for system resources (memory, disk space, etc.). There is a “point of
diminishing return” in terms of sampling rate for almost all types of analog signals, where sampling
above a given threshold adds relatively little information.

The MP150 sampling rate has a lower bound of 0.1 samples per second, and an upper bound of 400
kHz aggregate. The MP150 must use a pre-defined rate; it does not accept custom rates.
Choose the best acquisition sample rate from the pop-up list.

Note:  Channel sample rates are variable based on the acquisition sample rate. All channel sample
rate options are equal to or a specific power of 2 less than the acquisition sample rate.

Duration The final acquisition parameter is Acquisition Length (Total Length), which controls how long an
acquisition will last. This can be scaled in seconds, minutes, hours, milliseconds or number of
samples. You can set this value either by entering a number in the acquisition length box, or by
moving the scroll box left or right.

Visit the online support center at www.biopac.com
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Starting an Acquisition
Once you have specified which channels will contain data and have defined the channel characteristics, the
next step is to start the acquisition. If a file window is not already open, choose File > New > Graph window.

Status light
Next to the Start button, you should see a circular status light. The status light indicates the communication
link between your computer and the data acquisition hardware unit.

= If the data acquisition hardware unit is properly connected to the computer and is turned on, the circle will
be solid and green.

= If the data acquisition unit is not properly connected or not communicating with the computer, the circle
will be solid and gray.

= Start

To start an acquisition, position the cursor over the ® s=t 9 button and click the mouse button, or select

Ctrl+ Spacebar. If there are electrodes or transducers connected to the data acquisition unit, it will collect a
small value of random signal “noise” with a mean of about 0.0 Volts.

= For information on how to connect measurement devices to Hardware Systems, see the BIOPAC
Hardware Guide.pdf.

= To start an acquisition using a variety of “triggers,” see page 173.
= Graphs that open without a Start Button

o Compressed Graphs 0 Merge Graphs
Igor Pro Experiment o0 Original Data Snapshot
PhysioNet 0 Raw Data Files
DWT, IDWT 0 TextFiles
PCA, IPCA, 0 Transform menu operations: Off-Line
ICA, IICA, Averaging; Filter Response
AR Model separate graph output 0 Analysis menu operations:

. . Histogram; FFT (Magnitude and
Nonlinear Modeling separate graph output Phase): IFFT: Rate (put result in new

HRV tachogram output graph option)
Chaos > Plot Attractor

Chaos > Detrended Fluctuation Analysis

0 MatLab Graphs

Once an acquisition has started, the Start button in the acquisition window will change to Stop, and two
opposing arrows will blink, indicating that data is being collected. Also, the “BUSY” indicator light on the
front of the data acquisition unit will illuminate, showing that data is being collected.

©O O OO0 OO O OO0 OO

Stopping an Acquisition

To stop an acquisition at any time, click the B button or select Ctrl+ Spacebar.

An acquisition will stop automatically when it has recorded an amount of data equal to that indicated in the
Total Length box. To save this data file, choose File > Save.

The double-arrow icon to the right of the Start/Stop button is the rewind segment button. Use this button to
remove any unwanted recording segments from the graph. For more details, see page 169.

AcgKnowledge 4 Software Guide
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Display Modes

The display modes are Chart, Scope, X/Y, Stacked Plot, and Playback. You may change the way data appears
on the screen at any time, even during an acquisition. To change the display mode, click the corresponding
icon in the toolbar.

— Il (40 | ees
Chart mode | =

Chart mode is the default display mode.

Chart mode plots data much as it might appear on a
chart recorder, with time on the horizontal axis.

Each channel of data is in its own “track” across the

screen, with borders between channels. The i
waveforms will not cross boundaries into the tracks u
of adjacent channels.

If a waveform is plotted off the scale of the channel
track, choose autoscale waveforms and
AcgKnowledge will select the “best fit” for
waveforms to their tracks. —

x Scope mode

Scope mode plots data much as it might appear on an
oscilloscope, with time on the horizontal axis.

Scope mode is similar to Chart mode, except that
there are no borders between different channels.

= To help emphasize the selected wave in Scope
mode, select the “Gray non-selected waves”
Preference (via Display > Preferences).

Waveforms can overlap. The autoscale waveforms
command will automatically separate the waveforms
in the graph window.

Note: When only one waveform is present, the scope
and chart modes are identical.

0.00

millvolts

EEG Alpha
s
2
ol

(o4 X/Y mode S

XIY mode plots data from two channels against each
other, with the values from one channel on the
horizontal axis and the values from another channel
on the vertical axis. Plotting a channel against itself
displays a straight line.

XIY mode can be useful for chaos investigations and
respiration studies.

Note: When viewing data in X/Y mode as it is being
acquired, plotting only the most recently
acquired data point can be a useful option. To
do this, select Display > Show > Dot Plot and
then Display > Show > Last Dot only.

Switching to X/Y mode during acquisition can be
slow. For best performance, switch to X/Y mode
either before starting the acquisition or after stopping
the acquisition.

ivolt
A

EEG

Visit the online support center at www.biopac.com
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&3 X/Y mode continued

Plotted channels
e To change the channel being plotted: Click the Channel label once and hold.

X-axis, click above the waveform; Y-axis, click left of the waveform.
e To flip the axes: Click the button in the upper left.

e To change the channel label for this plot: Click the Channel label.

Acqknowledge

Enter channel 1 label

oK I Cancel |

Toolbar icons

The center cluster of toolbar items is specific to X/Y mode. The left two buttons in this group are shortcuts
for the Autoscale vertical and Autoscale horizontal functions. Adjacent to these buttons are two buttons that
perform the center vertical and center horizontal functions.

Tools
Cursor: In X/Y mode, the I-beam tool in the lower right hand corner of the graph window changes into a
crosshair. When the crosshair is moved into the graph window, the coordinates of the crosshair are displayed
in the upper left corner of the graph window. The X value refers to the coordinate of the crosshair in terms of
the horizontal axis, and the Y value describes the location of the cursor in terms of the vertical scale. By
pressing the mouse, a crosshair is drawn over the closest data point and the measurement toolbar “shaps” to
that position to show the amplitudes of the actual pair of data samples plotted on the screen. In
AcgKnowledge 4.2 and higher, the Channel number and label are also displayed next to the measurement

values.

CH3 ECG = -0.192566 Volts Y, CH40 Heart Rate = 49.1803 BPM
& ECG

=

90.00

R r———

] 60.00

Heart Rate

30.00

_| 134 0.00 134 2.68 ‘
Volts

X/Y plot with ECG on X-axis and BPM on Y-axis

Autoscale:  In X/Y mode, the Autoscale waveform function changes to read Autoscale vertical, which
plots the vertical channel so that it takes up two-thirds of the vertical channel space. This
function controls the “height” of the data being plotted in the graph window.

Similarly, the Autoscale horizontal function plots the waveform so that the waveform is
plotted in the center two-thirds of the window. This function controls the “width” of the data
being plotted in the graph window.

AcgKnowledge 4 Software Guide



40

AcgKnowledge 4 Software Guide

Autoscale commands adjust the center point and the range of data displayed. To manually
change the scale, click in either the horizontal or vertical scale area. In this case, the scale at
the bottom edge of the graph windows (which usually reflects time) is the scale for the X
variable, and the vertical scale controls the scale for the channel plotted on the Y-axis.

Center: In X/Y mode, since only two channels can be displayed at a time, tile waveforms and
compare waveform are replaced with Center horizontal and Center vertical. These two Center
commands change the midpoint of the horizontal and vertical scales (respectively) so that the
midpoint of the scale is equal to the mean value (average) for that channel. These features are
useful for centering the display so that it is easier to interpret.

Ch.#Box: In X/Y mode, the channel numbering boxes are disabled.

Meas. Menu: In X/Y mode, the measurement popup menus are disabled.

Plot Recent Data Only

\IT™ Plot recent data only: |6

seconds

Use this option in X/Y mode to plot a user-defined amount of recent data. Checking the “Plot recent data
only” and entering a value will hide plotting for all data not included in the entered time value.

Plot recent data option not applied

Stacked Plot mode

Plot recent data option applied with 6 sec. value

Stacked Plot displays multiple time ranges on top of each other and is enabled for acquisitions set to Append
(except when in X/Y mode). In this mode, all appended segments are stacked in the display, but only one
segment “slice” is active (“selected”). To view an individual segment, click the Chart mode icon.

= Click the Stacked Plot mode icon to display the Stacked Plot controls beneath the toolbar:
Active clice: Mia -| -I | Wertical separation: "J— |5 U
Slice at: E an I.ﬁ.nywhere 'I Jumnp ko Skart of Slice |

To change the active slice, click the

Choose the new active slice:

Jump Tool or the ... icon.

Choose Active Slice

Index Start Time Label |
1 0.00000 sec ;'EE[‘]E;May 712:14:44
2 5. 29500 sec ;‘u[f]%dar\nay 7 12:14:50
3 10.69000 sec g“[']%dama? 712:14:56
4 15.43000 sec g"[;%daf‘"'a? 7 12:15:04

oK Cancel
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The selected segment is used for all enabled software functions. This means that autoscaling can easily create
what looks like a mess if the selected segment is not appropriate for scaling the largest segment. In compound
action potential graphs in Stacked Plot, the last segment slice will most often be the largest, so if you select
the last segment before autoscaling you will likely get the expected result. The Transform menu is disabled in
Stacked Plot mode.

A commonly used data visualization technique for examining the evolution of waveform morphology is the
2D waterfall plot or “stacked plot.” A stacked plot draws multiple traces for a single waveform on top of each
other, or “slices.” Each individual slice is a time-shifted plot of the original waveform. The slices toward the
bottom of the plot occur earlier in time then the slices toward the top.

Data can be acquired in stacked plot mode, but it is processor intensive. If acquisition setup includes high
sampling rates or control channels with low latency, acquire in chart or scope mode and switch to stacked plot
mode after acquisition.

The slices can be aligned at any type of events in the graph. This allows for alignment at appended segments
but also at locations found through other means. For example, an ECG waveform can be aligned at the start of
the T-wave to examine how the T wave evolves in time.

Active slice In stacked plot mode, there is a single slice that is called the “active slice.” By default
it is drawn in black; to change the color, select Stacked Plot Options > Drawing
Settings. The values on the axes in the graph, grid, displayed events and text
annotations, selections, and any transformations all apply to the active slice. The
active slice can be changed using the navigation buttons in the graph toolbar.

Vertical Separation  The vertical separation between consecutive slices is expressed as a percentage of the
entire visible area. This percentage is kept constant through zooming and scrolling

operations.
StaCked P|0t Options Stacked Plot Settings
Stacked Plotting Options
* Automatic baseline adjustment
_ ) ™ Gray inactive slices
Slicing Event Settings
Event Type: I+ Bold active slice: |2 pixels wide
Location: | Anywhere 'I ¥ Change active slice color: I:I
™ Automatically jump when active slice changes
Cancel | Cancel
Display > Show > Stacked Plot Options Slicing Event... Drawing Settings...

Use Stacked Plot Options to activate slices or visually distinguish the active slice from other slices being
drawn in Stacked Plot mode.

Automatic baseline Adjusts the baseline of each inactive slice to overlap the baseline of the active slice
prior to the application of any vertical separation. This helps compensate for baseline
drift in a signal. If it is disabled, no baseline compensation will be applied and the
stacked plot may exhibit visual vertical segment ordering problems resulting from
baseline drift (but in this mode can be used as a tool to examine basline drift).

Gray inactive slices Draws the active slice with a solid pen and draws inactive slices with a dashed gray
pattern pen. The gray pattern alternates pixels between the chosen waveform color
and the white background and has the effect of lightening the inactive slices, so you
may need to zoom in to see the effect.

Bold active slice Draws the active slice with a thicker pen. In step and line plot modes, plotting
normally occurs with a one pixel wide pen. Inactive slices will remain one pixel wide
while the active slice will have the thicker pen as indicated in the edit field. When the
waveform is in dot plot mode, the pixel width will be added to the waveform's default
dot size to increase the dot size for the active slice.
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Change active slice... Draws the active slice in a different color than the chosen waveform color. When
enabled, the same color is used for the active slice of each waveform in the graph.
The color can be changed by clicking on the colorwell to the right of the checkbox to
generate a standard color picker to select color.

Automatically jump... You can use the Jump tool (green arrow) to change the active slice. Each time
the active slice is changed the left edge of the plot area will be changed to match the
start of the newly activated slice. When disabled, each time the active slice is
changed the display will be adjusted in such a way that the time interval between
slice starting positions and the display origin is kept constant.

Functionality in Stacked Plot mode

Autoscaling
When a graph is displayed in stacked plot mode, all autoscaling and related display operations (tile,
compare, overlap) will examine the visible data of the active slice only. It will not be possible to perform
autoscaling operations using the data of any inactive slice.

Autoscale Horizontal
In stacked plot mode, autoscale horizontal will make the active slice occupy the entire visible area. The
slicing event corresponding to the beginning of the slice will be placed at the left edge of the screen and
the next slicing event (or last sample point of the waveform if the active slice is the last slice) will be
placed at the right edge of the screen. The vertical offset will remain unaffected.

Data Views
Different data views may have independent Stacked Plot settings. All settings are independent including
drawing preferences, slicing events, vertical separation, and active slice settings. Stacked plot settings are
stored individually for each data view in the graph file and will be restored when the graph file is opened
from disk.
Any graph-wide operation that may affect the active slice will update all data views that are configured to
use stacked plot mode. This includes operations that affect the data (e.g. transformations) or events (e.g.
waveform editing).

Graphs Containing No Slices
It is possible that graphs may not contain any slices whatsoever if no events match the slicing event
criteria. If a graph in Stacked Plot mode contains no active slices, it will be drawn as if the graph was in
regular chart mode with the following differences:
All data is drawn using any active slice settings given in the stacked plot drawing options.
The “Active slice” index will read “N/A.”
The previous/next/choose slice graph toolbar buttons and “Display > Show > Stacked Plot Options” menu
items will be disabled.
It will be possible to view all data from t = 0 to the final data sample of the graph using the horizontal
scrollbar.

All autoscaling operations will function as if chart mode was active. Autoscale horizontal will make all of
the data of the selected waveform visible on screen.
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If the table of available slices was being displayed prior to the removal/editing of the last matching slicing
event, the table will be emptied and the “OK” button dimmed. The cancel button will remain active for
the table window to be dismissed.

The slicing event, vertical separation, and drawing menu items and toolbar controls will remain active.

File Edit Transform Anzlysis  Di
JJE,‘] Replay I
Y Playback Mode (Replay) T Sl

Qpen... Ctrl+0
Open Recent 4

Playback mode will replay a graph file stored on disk in real time to
simulate acquisition. Analog, digital and calculation channels are
replayed as stored in the graph file, but in AcgKnowledge 4.2 and higher, Open for Playback. ..

calculation channels can be reconfigured to reproduce online calculation SMI BeGaze Import ...

channels that have no offline equivalents. Calculation channels from the Close Cirl -+
original graph can be modified, extended, or removed without affecting ) -
the data stored on disk in the original graph file. HEVE sl

Save As...

1. Select File > Open for Playback.
2. Locate a graph file and then click Open. -
3. A new graph window will be generated. B
= The “Connected to...: hardware menu will indicate that the
graph will be “acquiring” data from the specified file and the Page Setup...
Start button will change to a “Replay.” Prifite. Ctr] P
4. Press Replay to begin playback.
= Button alternates with STOP, can’t pause.
. —_ Use Open for Playback to
5. Select Playback > Quit Playback Mode to return to acquisition experiment with different

status. calculation channels settings on
the same data or to recreate an
experiment for demonstration
purposes.

Save Selection As...

Quit Ctrl+Q

Playback mode has millisecond timing accuracy and allows for reconfiguration of most acquisition
parameters. Exceptions include:

= Length is limited to the amount of data in the file

= Acquisition Sample Rate is fixed (use Channel Sample Rate to downsample)
= Number of analog and digital channels is fixed

= Save last, MP, and Averaging modes are disabled

= “Append” will replay the same data.

Do not record data while playing back a data file. If one data file is open in "Playback™ mode and is
'replaying' and a second data file is open in hardware mode and is acquiring data, clicking back and forth
between graph windows causes the hardware device menu to flip to the Playback menu (even though
‘Connected to' shows communication with an MP150 unit).

See the AcgKnowledge Demo file under the Help menu as a sample of data playback.
See the YouTube video for a detailed explanation of Playback Mode.
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Data Views

A “Data View” window is used to provide an alternate view of the same data. You can present data in two or
more modes for comparison, such as X/Y plots and chart plots. To compare responses in real time, turn off
Autoplot in one Data View (e.g., Dose 1) and continue Autoplotting in another (e.g., Dose 2).

To create a new Data View for the active (selected) graph, choose:
= File > New and select type Data View
= Display > Create Data View
= Click the Data View toolbar icon =0

This will generate a new window displaying the active graph’s data, and will name the new window “Data
View of ‘Filename’ Q‘_ Acqknowledge - [Data Yiew of 'C:\Program Files'§

TIP  Use the Jump-to tool (see page 60) to correlate data views.

Data Views share fundamental data characteristics such as channel labels, events, and sampling rates, but can
be customized for the following:

= horizontal scale, precision, and offset = autoscrolling
= vertical scale, precision, and offset = channel button display state
» measurements, including number of = wave color

rows, precision, visibility, and use of = event display state

interpolation

= grid settings, including spacing,
visibility, and locking state

= selected area

= autoplotting

= hidden channels

The Data View window can be used like any other graph window. The menus and controls can be used to change
how the data is presented. An acquisition can be started or stopped in any of the Data Views for a graph, and any
transformations performed on the data in the Data View will be reflected in the graph and all of the other Data
Views. Printing a graph from a Data View will use the display settings of that Data View for outputting the graph.
When a file is saved to disk, the display configurations of any open Data Views are saved into the graph file.
When the graph file is reopened, all of the Data Views and their display settings will be restored.
= Data Views are saved with the data file only if they are open at the time the original graph is closed and
saved.
= Closing a Data View causes this view to be lost; it is not saved with original file.
= Closing a Data View that was previously saved with a data file will not be saved if the data file is saved
after closing the Data View.
= Closing a Data View will not invoke a warning that the Data View will not be saved.
= Original Data Snapshot is not merged into the newly created data file.

In AcgKnowledge 4.3 and higher, a selected area can be shared across multiple Data Views by clicking and
holding the left mouse button over the I-beam toolbar cursor and choosing the “Link Selections Between Data
Views” option. (See example figure below.)

= channel order
= plot mode

= channel drawing mode (step, line, or dot,
including dot plot size and type)

= hardware “connected to” display
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Analysis

For purposes of illustration, you should open an existing file that contains actual data. Sample files were installed
with the software. Select File > Open and choose a file from the list in the dialog.

After opening the file called demo data.acq, the screen should resemble the following sample file display.

B Acgknowledge - demo data.acq i [ 4]
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Sample File Display
The sample graph displays six different types of data, and there is a border between the waveforms.

To the left of each waveform is a vertical strip containing a text string that can be used to help identify each
waveform.

The time scale along the bottom denotes when the data was recorded relative to the beginning of the acquisition.

» Only the last eight seconds of the total data record are visible, although the file contains
the complete record.

» The data displayed on the left edge of the graph represent events that occurred about 22
seconds into the record, and the data displayed at the right edge of the screen represent
events that occurred about 30 seconds after the acquisition was started.

The maximum vertical scale range is from +10 to -10 Volts.

» This reflects the maximum input voltage the hardware unit can accept and is a greater
range than you will usually encounter.

» The display scale can be adjusted to virtually any value range, as demonstrated in the
graph window above.

As indicated by the horizontal scale, only a few seconds of data are displayed on the screen. If you choose
Statistics from the Display menu, you can determine the total length of the record.

To view data that was collected earlier in the record, use the horizontal scroll bar to move to different points in the
record. The horizontal scroll bar allows you to move around in a data file, just as the scroll bar in a word
processor allows you to move to different points in a document.

Alternatively, position the cursor in the horizontal scale area (where the numerical values are listed) and click the
mouse button. This will generate the following dialog (see page 74 for details).

AcgKnowledge 4 Software Guide



46 AcgKnowledge 4 Software Guide

Set Screen Horizontal Axis

Time scale: I 2 seconds/div

Initial time offset: | 0.0000000 seconds

Predsion: |2 | digits

I~ Hold relative position for: Append acquisitions

Global Grid Settings... | Channel Grid Settings. .. | Ok I Cancel |

The Time scale box allows you to change the amount of data that appears on the screen at any given time. In the
sample dialog, this is set to 2 seconds per division. The divisions on the screen are indicated by the four vertical
lines, thus displaying eight seconds at a time (two seconds per division times four divisions). By entering a larger
value in this box, more of the record will be displayed on the screen at any given time. Conversely, entering a
smaller value in this box will cause a shorter segment of data to be displayed on the screen. (Above screenshot is
from AcgKnowledge 4.2)

» To display the entire waveform (in terms of duration), a shortcut is to choose Autoscale horizontal from
the Display menu. The Autoscale horizontal command fits the entire data file into the window, regardless
of the total length of the acquisition.

B Acgknowledge - demo dat: =[] H'H H
@ians ysay Soipt MP150 Window Help Media The Inltlal tlme Offset
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of this record, you
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As you can tell from the time scale, the first data displayed (at the left edge of the screen) was collected at the
beginning of the acquisition. Also, the scroll box has moved to the left, indicating that the data on the screen
represents data collected earlier in the record.

If you click in the horizontal scale area again, the same dialog will appear, and this time the value in the start box
should have changed to reflect the new section of data being displayed on the screen.
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AcgKnowledge also allows customization of the vertical scaling, or amplitude, of each waveform. Clicking the

vertical scale area produces a dialog (see page 75 for details).

The vertical scale dialog allows you to change the range of amplitude Set Sreen Vertial Axis

values displayed (scale) and set the value that appears in the center of o1, Ee =l
the vertical scale (midpoint). seale: | 0.5000000 milivolts/civ
You can vary the midpoint and apparent magnitude of each waveform ™ forly toal chamels

by changing the values in each box. By changing the value in the scale Midpoint: [ 0.0157170 milivolts
box, a smaller value has the effect of increasing the apparent amplitude. I Apply to all channels

Entering a number about half the current value will cause the amplitude
of the wave to appear to double.

Pregsion: IZ vl digits ™ Apply to all channels ‘

e Scale—In the sample dialog, the units are set to 2 Volts per ™ Use adaptive scaiing Settings... |
division. As with the horizontal scale, there are four divisions I~ Apply to all channels
ggt;he vertical axis, so this setting should show 8 Volts range of ; o m;mal ey st |
ues on. s ‘_:OD
e Midpoint—The box below this controls the midpoint of this £ bottom
range. In this case, the midpoint is set to 2 Volts, which means I Apply to all channels
i?gfttshls channel will display the range from - 4 Volts to + 8 caregasem.| [ o | oot |

As with the time scale, you can have AcqgKnowledge automatically come up with the best fit in terms of midpoint
and units per division. To do this, select the Autoscale waveform command from the Display menu, and the
amplitude and offset of each wave will be adjusted to fit their sections.

Any changes you make in terms of rescaling (either horizontal or vertical) will only affect the way data is
displayed, and will not change the basic characteristics of your data file.

Selecting a waveform

Although all four waves are displayed at once, you may want to operate on only one channel at a time. To do this,
you need to select the channel you wish to work with. Selecting a channel allows you to highlight all or part of
that waveform, and enables you to perform transformations on a given channel.

In the upper left corner of the graph window there is a series of boxes that represent each channel of data. The
numbers in the boxes correspond to the channel used to acquire the data (the specifics of setting up channels are
discussed on page 34). In the sample waveforms shown previously, ECG channels are represented by channels 1
and 2, with respiration on channel 4 and blood pressure on channel 5.

To select one of these channels
« Position the %] cursor over the channel box 't "2 e that corresponds to the channel you wish to
select and click the mouse, or
e Position the '] cursor on the waveform of interest and click the mouse.
Show/Hide Channel
To “hide” a waveform, press ALT for Windows or OPTION for Mac and click the channel box.

Or, Alt+click on the channel number at the top of the channel label region. ITI
To view a hidden waveform, repeat the appropriate key-click combination.

Alternatively, you can show/hide a channel via Display > Channel Visibility and checking/unchecking the
channel boxes in the Channel Visibility dialog. (See this Display menu option on page 430.)
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Collapsing Channels

In AcgKnowledge versions 4.4.1 and higher, individual or multiple channels may be hidden from view or
“collapsed” by simply clicking the triangular button appearing in the upper left region of each channel. When a
channel is collapsed, all data is retained but simply hidden from view. Collapsing a channel allocates more
vertical space to remaining channels, enhancing the view of the visible data. The examples below illustrate use of
this tool when applied to Channel 5.

Channel “Collapse” button (highlighted)

Channel 5 collapsed

To expand (unhide) the collapsed channel simply click the triangle button, or double click the collapsed channel’s
label.

NOTES:
e  Collapsing or expanding channels is supported in Chart or Stacked Plot mode only.

e  Pressing the Alt/Option key while clicking any triangle button will collapse or expand all visible
channels.

e  Collapsed channels are retained when a graph is saved and reopened.
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Zoom
Another way to examine data is to use the “zoom” tool. The zoom tool allows you to select any portion of any
wave and magnify it as much as possible. To use the zoom tool, click the icon in the lower right portion of the

screen. As you move the mouse into the graph area, you will see it change from an arrow [t to a crosshair (+).
Start by positioning the cursor in one corner of the box, holding down the left mouse button, and dragging the
crosshair horizontally, vertically, or diagonally to form a “box” which encompasses the area you need to zoom in
on. When you release the mouse button, AcgKnowledge will automatically adjust the horizontal and vertical
scales. To “unzoom,” choose Zoom back from the Display menu.

Select an area

Once you have selected a channel, you can “edit” parts of that channel by selecting a section of the waveform.
The options available to you include cutting, copying, and pasting sections of waveforms. You can also transform
and analyze entire waveforms or specific sections of waveforms.

For any of these functions, you will need to select (or highlight) an area to be operated on. If you want to select a

section of a waveform, position the cursor over the icon in the lower right hand corner of the screen and click
the mouse button. Now move the cursor to the first point in the area that you wish to select. As you move the
cursor into the graph area, you will see it change from an arrow cursor to a standard I-beam editing tool.

To highlight a section of a waveform, position the cursor at the left edge of the area you wish to select and
hold down the mouse button. Now move the mouse to the right until you have selected the desired area.

To select more than one screen of data, position the cursor at the left edge of the section to be highlighted,
then click and hold the mouse button. Use the scroll bars to move to a different point in the record, and when you
reach the desired endpoint (right edge) of the selected area, hold down the Shift key while you position the cursor
and click the mouse button. Selecting an area this way will also allow you to “fine tune” the selected area to
include only a specific range of data.

Once a channel has been selected and a section of that area highlighted, you can operate on and edit that section of
the waveform. The editing commands behave much the same way as the editing functions in a word processor.
You can cut, copy, delete or paste sections of data as defined by the selected area. In most cases (depending on
available memory) you may undo an edit by choosing Undo from the Edit menu, or by using the shortcuts CTRL

+ Z for Windows or 38 +Z for Mac.

Selecting a portion of a waveform also allows you to apply transformations to a particular area, rather than the
entire area or all waveforms. Selecting an area also allows you to take snap measurements for parameters such as
delta T, mean, standard deviation, frequency, and so forth. The measurement options are discussed in the next
section.

The Selection Palette (Display > Show > Selection Palette) can also be used to select an area.
Keyboard data selection

Keystroke combinations can similarly used to select or deselect graph data on a sample-by-sample basis. This
helps add an enhanced level of precision to the selection operation. See data selection keyboard shortcuts on the
following page. (AcqKnowledge 4.2 and higher)

Keyboard Shortcut Description

Windows: Shift + Ctrl + Left Arrow Subtracts one sample interval from the right edge of the selection. If the selection is
Mac: Shift + Command + Left Arrow empty, no action is performed.

Windows: Shift + Ctrl + Right Arrow Subtracts one sample interval from the left edge of the selection. If the selection is
Mac: Shift + Command + Right Arrow | empty, no action is performed.

Shift + Left Arrow Adds one sample interval to the left edge of the selection.

Shift + Right Arrow Add one sample interval to the right edge of the selection.

Left Arrow Moves the selection one sample to the left, constructs a zero width selection.
Right Arrow Moves the selection one sample to the right, constructs a zero width selection.
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Transform data Transform Analysis Display

- - - R H d v
AcgKnowledge includes a library of functions to transform data or perform mathematical Recenty Use
calculations on waveform data. All of these options can be found under the Transform and E'"J”?' F‘L'Fe's ot
- - - g = - - - - ourier Linear Combiners
Analysis menus, and are discussed in detail in the Analysis section beginning on page S
309 Template Functions

When performing transformations Derrative..
e If a section of a waveform is highlighted, the transformation will apply to that Integrate...

3
3
3
3

Integral

section .
) Difference...
e If noarea is selected, AcgqKnowledge will always select a single data point. Resample W/aveform...
. - Resample Graph...
e If the transformation can only be performed on a selected area (digital Expression...
filtering, for instance) and a single point is selected, the entire waveform will Delay...
be used (and the transform entire wave option will be disabled; close out of Rescal...

Waveform Math...
Slew Rate Limiter...

the dialog and select an area if desired).

o

Measurements Resultsa_

Once you have selected a channel to work S2 Ltne i 20000 sec

. . . ECG
with, you can quickly and easily take
measurements on each wave. The :
measurements appear in the row of boxes T —

. Pull-down channel selection

across the top of the graph window. You can e
specify the number of measurement boxes to Pull-down measurement Menu gy
show and the display precision in the
“Preferences” dialog of the Display menu.
Each measurement consists of three parts: (a)
the channel selection, (b) the measurement
function, and (c) the result or actual
measurement value.

5C. Selected Channel hone

Chdl, Heart Rate delta
Chdl, R-R Interval PP

In this example, results for the selected channel (SC) are:
Time  17.28 sec
deltat 0.00000 sec
freq 0.10157 Hz
bpm 6.09446 BPM.

The pull-down channel selection allows you to calculate a measurement either for the selected channel (SC) or

from a numbered channel in the record. To switch between the channel options, click in the channel window. The
pull-down menu shows the channel numbers and labels for all channels in the file. By default, each measurement

will reflect the contents of the selected channel.

deftat || 0.00000sec  SC | freg 010157 Hz SC |4 bpm 6.03446 BPM

Ch3 ECG walue —

The pull-down measurement menu allows you to choose between different types of measurements. To choose a

measurement, click the measurement popup menu and select a measurement from the list.

e Some measurements (such as Time or Value) look at only a single data point whereas other measurements

(such as mean and delta T) examine a range of data on the selected channel.
e Some of the measurements that depend on a selected area (such as delta T) look at differences in the

horizontal axis measurement whereas other range measurements (such as peak-peak) use the vertical scale

information in calculating measurements.
For a complete description of each of the measurement functions, turn to page 91.
The final component of a measurement window is the measurement result.

e When an area is selected (or if the selected area is changed) the measurement result automatically updates

to reflect the change.
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Events (Markers)

In many instances it is useful to have the software mark an occurrence
or event during an acquisition so it can be referenced later. For
instance, you may want to note when a treatment began or when an
external event occurred so you can examine any possible reaction.
ety et s The software uses “Events”, which are marked in the data to record
events.

| Eyes open, 12:00:00 &
=

EEG Raw

Event markers can be pre-established and automated. Event icons and labels appear at the top of the graph
window, and can be edited, displayed, or hidden from view.

You can automatically insert event markers during an acquisition by pressing the Esc key. This will insert a
event at the exact time the key is pressed and will activate the text line entry so you can immediately enter a
comment to be associated with the event.

For a detailed description of events and event functions, including options to pre-establish event labels and set
function keys for different labels, see Set Up Event Hotkeys (page 213).

See the YouTube video for a detailed explanation of Events and Event marking.
See also: Text Annotation, page 60.

Grids

Grid superimposes a set of horizontal and vertical lines on the graph window. The grid is designed to allow for
easy measurements, since the grid lines correspond to horizontal and vertical scale divisions. The grid can be
locked (analysis, printing) or unlocked (visual aid).

To activate the grid display, choose Display > Show > Grid or click the toolbar icon.

= To display minor grid lines, use Ctrl-.
= To customize grid line and color and optimize the display and print features, choose Display > Show > Grid
Options.
For more information about using and printing grids, see page 78
Note: The Scale dialogs change when grid lines are locked. See page 74 for details on Horizontal Scale and page
75 for details on Vertical Scale.
Horizontal Split View

Horizontal Split View is a tool for “splitting” the data in a single graph into two simultaneously viewable areas
and displaying them side-by-side for convenient viewing. Split View is available for data plotted in scope, chart
or stacked plot modes. Both views can contain independent time scales, initial offset and autoscroll settings. This
can be useful for making side-by-side comparisons of data at different time ranges, or for reviewing the same
section of data in two separate time scales for more detailed examination. Split View configurations and scalings
can be saved and restored in the graph.

Split View can be activated via the following methods:
= Choosing Display > Split View
= Clicking the Split View toolbar button A

Either method divides the graph into two equal regions with independent time scales, and the bar in the center can
be dragged to the desired location.
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In the above example, the view in the left pane was rescaled independently of the view of the same data on the
right pane. This enables a closer view of an area of interest while maintaining the original data display. If a Split
View encompasses any events, annotations or focus areas, these will be visible in both panes.

» Note that events, annotations, selected areas and focus areas appearing in the Split View are duplicate
displays of the same items. If any of these items are added, modified or deleted in one view, this change
will also be applied to the other view.

= Split View is not supported in XY mode.

= Printing of Split Views is not currently supported within the BSL application. If printing is desired, save the
graph in *.jpg format or use standard operating system screen capture utilities.

To exit Split View, uncheck the Display > Split View option or drag the Split View bar back to its home position
at the left of the horizontal scale.

Autoscroll Horizontal Axis Controls
During data acquisition, three plotting modes are offered. These are normally accessed via the Hardware menu,

but can be more easily dialed in by using the “M putton in the lower right of the horizontal axis region. This
button toggles between the following modes, and the button display changes to reflect the plotting type selected.

Status

Icon

Description

Manual

b

Horizontal axis is not modified by application during data acquisition. Only manual
adjustments affect the data plot. Equivalent to unchecking both Hardware Menu > Autoplotting
and Hardware > Scrolling.

Sweep

A8

Data is plotted until it reaches the right edge of the graph. At this point the data is scrolled,
clearing data display and showing the newly acquired data starting at the left edge. This
mimics the “sweep” of an oscilloscope. Equivalent to checking Hardware Menu > Autoplotting
and unchecking Hardware Menu > Scrolling.

Autoscroll

A

New data is plotted at the right edge of the graph. When new data is acquired, existing data is
scrolled to the left, creating space to plot new data. Equivalent to checking both Hardware
Menu > Autoplotting and Hardware Menu > Scrolling.
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Journals

The Journal is a general-purpose text editor built into Acqknowledge that works like an “electronic notepad” for
recording notes and data and saving text and/or numeric values for later review. The Journal can be used at the
same time data is being acquired. Every graph file has a graph-specific Journal file permanently linked to it. There
is also an option to generate independent Journals for data view, use with multiple graphs or protocols.

Graph-specific journal—Journal is saved with graph;
preferable for retaining notes and analysis within a
graph file. Display settings are independent. To save
a graph-specific Journal independent of its graph,
use File > Save Journal Text As option.

Independent Journal—Journal is saved into its own
file, separately from graphs; preferable when
performing analysis on multiple graphs at the same
time. Independent journals allow multiple journal
windows to be open at the same time (each graph
view can have its own journal associated with it), but
only one Independent Journal can be used at a time.

For more information on using Journals, see Journal Details on page 83.
Saving data

Once data has been collected, it can be saved as a file and opened later. The data file can be moved, copied,
duplicated and deleted just like any other computer file. By default, files are saved as AcgKnowledge (.ACQ)
files, which are a proprietary format designed to store information in a format as compact as possible. Although
these files can only be opened from within AcgKnowledge, the data in these files can be exported either as a text
file or as a graphic image.

Exporting data to a text file allows you to examine the data using other programs, such as a spreadsheet or
statistical analysis package. Saving data as a graphic (.JPG) enables you to work with the data in graphic format.

One of the most useful applications of this is the ability to edit and place AcgKnowledge data as it appears on the
screen. You can use this feature to paste graphs into word processors, drawing programs, and page layout
programs. To learn more about these options, turn to the Save As section beginning on page 257.

Format change warnings

When a file save function requires a format change for compatibility or alters file content, a prompt will be
generated to require the user to confirm the option to update format or convert and save.

Created with a previous version of AcqKknowledge Windows PC AcqKnowledge format

Saving as a “Graph Template” will erase all data Imported from another file format
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“Data Snapshot” — Embedded Archive

“Data Snapshots” are essentially embedded archives of the original acquired data that are stored with the graph
file so you can easily view them together at a later time to compare results to original waveforms or intermediate
stages of analysis.

IMPORTANT  Archive functions do not create a new file—they are not backup functions.
Original data is copied and pasted to the end of the original file.
You cannot use this feature to recover lost or damaged original data.

There are two ways to create a snapshot:
1. Automatic after acquisition: Display > Preferences > Other > Create Data Snapshots after acquisitions

Measurements
Waveforms
Ewvent Summary .
Graph [ Show menu tooltips

Journal I ¥ Create Data Snapshots after acquisitions I
Hardware

Performance =
Metwarking Reset toolbar positions |

Other Options

ScriEt Editor

Window Create default menu configuration file... |
Focus Areas

Location Maximum number of files in File = Open Recent: | 10

When application is launched:
|Sh0w Startup Wizard LI

When this is enabled, a date-stamped archive of the data in the graph when acquisition stopped is created.
In Append mode, the entire graph is archived with each Append, old data as well as the newly acquired
data. ~ Auto-snapshot and Large Files.

Thisis a memory intensive function; L You have just turned on automatic data snapshot creation. This

each archive that is added to a graph file feature incrga_ses memary requiremgnts and may be imprqgiical for
. . . . large acquisitions. If you do long, high sample rate acquisitions you
will increase its size on disk by

’ may need to keep this feature off.
approximately 40%. When prompted,

click OK to proceed.

2. Manual: Edit > Create Data Snapshot

Please describe this data snapshot:

(] 4 I Cancel |

A snapshot is then taken of the data at that point in time and stored with the graph. Manual archives allow
you to preserve intermediate stages in a complex analysis for future reference. You will be prompted for a
comment to describe the archive. This description will be used in the header when you display the archive.

To view the embedded archive(s) associated with a graph file, choose Display > Show All Data Snapshots.

This will open a new graph window for each archive associated with the graph. The time portion of the Filename
for each graph is from the computer clock (saved with semi-colons because you cannot save a file with colons in
the filename). The “Data Snapshot from...” graph will open with no Start button.

Manual Archive: description and time
' Original file
@ comesteato —r Automatic Archive: time only

Snapshots will also retain the following in addition to the data:
e Events - Text annotations
e Graph-specific journals
e AcgKnowledge GLP Modification logs (ACK100W-G and ACK100M-G only)

Visit the online support center at www.biopac.com
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Print

Printer: Progl

Printing graph: Untitled1.acq

Print Options

Print I 1 plots per page
Fit to I 1 pages

[~ Draw vertical dividers at event positions
™ Print waveform data in black
™ Print waveform background in white

[~ Print focus areas

Range of data to print
* Visible portion only
= Selected portion only
i~ Entire graph

[~ Print to POF file

2]

Cancel |

55

AcgKnowledge allows high-resolution printing of
hard-copy graph plots much as they appear on-
screen.

e To print a file, choose Print from the File menu.
This will print the contents of the screen on the
selected printer.

e To print the entire file, choose Autoscale
Horizontal from the Display menu first.

e You must print a journal as a separate command
from print graph file.
You may instruct AcgKnowledge to print the
contents of a file across several pages by entering a
value in the Fit to box. Entering “4” in this box, for
instance, will place the length of the page evenly
across four pages when printing.

Print options are available after you click OK in the
initial File > Print dialog; see page 266.
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Chapter 3 User Interface & Context Menu Features

Toolbars = Vertical axis scaling buttons
Keyboard Shortcuts = Long channel labels and units
Mouse Controls = Graph window tooltip improvements
Custom toolbars for transformations and analysis = Menu item tooltips

Toolbar position retention and changes = Channel Info

Event tool enhancements = Transformation history

Typed event label drawing improvements = Canceling Transformations

Choose MP150 Help Button = Transformation Progress Bar

Button Transparency = Focus Areas

Customizable Chart Track Dividers
Plotting Background Colors
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. Channel Buttons
The default toolbars consist of: el Ry V=

e  Start/Stop button W T
e Cursor Toolbar (Arrow, I1-beam and Zoom tools)
e Main Toolbar (Grid, Toolbar Display, Preferences and Customize Toolbar buttons)
The full range of available toolbars can be displayed by enabling the checkbox options in the Toolbar Display

Toolbars )
. . v Gri
Many of the most commonly used features in AcgKnowledge can easily be " |
executed with a mouse click. The toolbars contain shortcuts for some of the v Journa
most frequently used AcqKnowledge commands. Click an icon to activate it; v Hardware
icons are grayed out when they are not applicable. v Main Toolbar
By default, a minimal toolbar configuration is presented when AcqKnowledge ¥ Display Mode Toalbar
is first launched. The default toobars will appear as follows: v Scaling Toolbar
v Measurements
v Focus Areas
v Event Bar
v Events
v Annotations
v
W

[
shortcut button , or via Display > Show and enabling the desired options. Once the toolbar options have
been selected, this will be the default toolbar display for all new graphs. All toolbars can be deselected and
hidden with the exception of the Start/Stop button and the Cursor Toolbar (Arrow, I-beam and Zoom tools).

Saved graphs created with different toolbar configurations will open with those toolbar options displayed.

Toolbar position—Toolbars can be dragged and repositioned to any border of the graph window, or floated
on top of a graph. Toolbars retain the last position they were left in after the application is closed and a new
graph reopened.

Restoring the default toolbar position — The default toolbar positions can be restored by going to Display >
Preferences > Other and selecting “Reset toolbar positions.” The application must then be closed and
relaunched for the reset to take effect.

TIP: Preferences can also be accessed by clicking the Preferences toolbar shortcut icon E

NOTE: The “Reset toolbar positions” option restores the default toolbar locations only; it does not hide
toolbars or restore the default minimal toolbar configuration displayed upon first launch. To return
toolbars to the default minimal configuration, it is best to deselect unwanted toolbars in the toolbar
display menu.

5!
(Use the Toolbar Display shortcut button or Display > Show.)

You may also reset the toolbars to the default minimal configuration by holding down the Shift key
while launching AcgKnowledge, but this is a “nuclear” option.” Choosing this option will reset ALL
program defaults to the factory configuration. Do not choose this option if your configuration
contains custom settings that you’d like to save.
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Main, Display and Scaling Toolbars

|[~ze £4+8||FTHr &
Main Toolbar Display Mode Toolbar Scaling Toolbar

TOOLBAR ICONS FUNCTION

Show/Hide gridlines in the graph window. Click and hold the mouse to display

various grid preset options.

Opens popup menu for showing/hiding individual toolbar options.

Opens the Preferences dialog.

Opens the customize toolbar menu.

Change display to scope mode.

Change display to chart mode (default).

Change display to X/Y mode.

Toggle Stacked Plot (overlap segment) mode; see page 40.

Horizontal Split View; see page 51.

f
- Create Data View; see page 44.
= Autoscale selected waveform only.
@ Autoscale waveforms along the horizontal axis.
o Center waveforms vertically in the active window.
& Center waveforms horizontally in the active window (X/Y mode only).

Hardware Toolbar

Choose an MP 150, or Mo Hardware for analysis only.
|| connect to: (IEIEKTEEEN ~ work with: [T ~ |
l ¥ MP150 000223 r Do notask me again
I Add new hardware. .. LEE) Hep... | Refreshtion | x|

The hardware toolbar displays connected to information and includes quick access to add/change hardware.

Cursor Toolbar

il
[xlxa @ r ¥ s+ 4

Cursor tools are used in many of the on-screen functions described below, including editing, measurements,
and the amount of data displayed.

NOTE: The four rightmost icons on the Cursor toolbar (Event tool, Zap tool, Jump tool, and Annotation tool)
do not become visible until data has been acquired, or a graph containing data has been opened. See below for
full description of all toolbar button functionality.
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Cursor Tools

The cursor tools are also accessible via the Display menu (Display > Cursor Style)

r

This is a general-purpose” arrow” cursor tool, used for selecting waveforms, scrolling
through data, and resizing the chart boundaries between waveforms when in chart mode. All
other cursors default to this mode when the cursors are moved outside the graph area. Use
Alt-click to step through the channels; each click makes a new channel “active.” The arrow
cursor can also be activated by the Ctrl+B keystroke.

Holding down the left mouse button with the arrow tool positioned over a graph channel will
activate a single data point, which displays as a solid black vertical line. This is known as
“spot measurement” mode. Dragging the mouse will then update selected measurement
values to the new horizontal locations of the arrow’s position in the graph. The mouse button
should be depressed for approximately 0.5 seconds in order for spot measurement mode to
become active. Releasing the button restores the arrow cursor to its normal status.

This is a standard “I-beam” editing tool. This tool is used for selecting an area of a waveform
(or waveforms) to be edited or transformed. However, editing of the selected area is limited
to the channel currently selected in the graph. Click to I-beam icon to activate it. Now move
the cursor toward the waveform. Notice that the cursor changes from an arrow to an I-beam
when it is placed over the graph area.

When this cursor appears, select an area of data by holding down the mouse button and
dragging the mouse to either the left or right. Extend the selected area to include data that is
not on the screen by positioning the cursor at the left edge of the area to be selected and
clicking the mouse button. Next, use the scroll bars to scroll through the data until the desired
data appears on the screen. Hold down the shift key while positioning the cursor to select the
right edge of the area to be selected. Click the mouse button to select the area. To extend the
selection, hold the Shift key and move the cursor or the arrow keys. The I-beam cursor can
also be activated by the Ctrl+I keystroke.

Clicking and holding on the I-beam tool will generate a pop-up menu for displaying the
Selection Palette or linking selections between Data Views.

Show Selection Palette
Link Selections Between Data Views

When “Link Selections Between Data Views” is selected, the standard 1-beam cursor icon
will change to one with a link appearing across it. When enabled, any area selected in a Data
View or source graph will also be applied to any other associated data view. For more
details, see Data Views on page 44.

This is a standard “zoom” tool. The zoom tool is used for selecting and magnifying any
portion of any wave. Click the % iconto use the zoom tool. As you move the mouse into

the graph area, it will change from an arrow X to a crosshair (+). Start by positioning the
cursor in one corner of the box, then hold down the (left) mouse button and drag the
crosshair horizontally, vertically, or diagonally to form a “box” that encompasses the area to
be zoomed in. Release the mouse button, and AcgKnowledge will automatically adjust the
horizontal and vertical scales. To “unzoom,” choose Zoom back from the Display menu or
use the Ctrl+minus keystroke.

Hold the “Alt” key to change the zoom mode to zoom out (“— “in the magnifier). The zoom
tool can also be activated by the Ctrl+G keystroke.

Grid
Control

G

Adjust the grid lines horizontal and vertical. Hold the option key for locked grids to drag to
the end.

Event
Definition

Inserts an event at the mouse click location. See page 221 for Event details.
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= = Onaplot, the horizontal location matches the ‘x” coordinate of the click
i = In Chart mode, the event will be placed on the channel track where the click took
place.
= In Scope mode, the event will be defined on the active channel.
= Within the events bar, clicks define global events.
When Event Definition is active, the cursor changes to a flag and the cursor includes a
downward pointing arrow to indicate where the event will be defined.
The Event Definition tool is disabled in X/Y mode and if events are not visible.
Event Deletes event(s) from a graph with the mouse. It allows for quick editing to eliminate
Removal misclassified events found through visual inspection.
“Zap” = I the user clicks on a single event, that event will be removed from the graph.
= If the user clicks and drags to define a rectangular area (similar to the zoom tool), all
events between the left and right edges of the area will be removed; the event icon does
not need to lie vertically within the bounded area in order to be removed.
When Event Removal is active, the cursor changes to a lightning bolt.
Jump-to Data views and advanced analysis output display multiple representations of the same data at
the same time. Sometimes this association may be abstract or difficult to visualize. The
Jump-to tool is a green arrow, and is available in all display modes and during acquisitions.
Use the “Jump-to” tool to correlate data.

e Click the Jump tool on a data point to “jump” all of the open data views for that
graph to the same time.

e Click the Jump tool on a point in an X/Y plot to jump data views in chart or scope
mode to the point in time corresponding to the point in the X/Y plot. This can be
useful for correlating PV loops back to other acquired signals.

¢ Rate analysis output graphs will jump back to the corresponding point of source data
at the start of that cycle.

o Clustering scatterplots will select the appropriate segment of the source graph
corresponding to the chosen data point.

e Change the active segment in Stacked Plot mode; once a trace is selected the display
will adjust to show the new active segment.

Text Use Text Annotation to add floating text notes on top of data in a graph; the text notes move
Annotation | and scale with the data. During report or figure preparation, it is nice to be able to add
A additional textual information on top of signals to help clarify signals for readers or draw
-

their attention to particular areas of visual interest. AcqgKnowledge provides a text annotation
facility to assist in figure preparation.
Click the A icon and then click in the graph window to generate the Text Annotation

Contents dialog. Drag the red “handles” from the annotated text to add connector lines to
connect the text to the data.

Text Annotation Contents
Text: |
Font: [MS Shell Dig 2 =
Size: lui points
Style: I gold

I Italic

™ Underline

Cancel
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Text
Annotation

[

continued

Connector handles Resize a range

Add a range

Move a connector

Text annotations are short pieces of text that float above channel data and can be used to
draw visual attention to particular areas of interest in a graph. These text annotations can be
simple outlined text, can have a connector from the outline boundary to a specific sample
point on the waveform, or have a range indicator of a specific width. Each text annotation is
tied to a sample of data in a channel; when the data is moved by coping, pasting, or other
waveform editing operations, text annotations remain fixed to their corresponding sample
positions, similar to channel events.

Although text annotations are tied to horizontal locations like events/markers, they are
displayed in a relative fashion. The relative pixel distance between the text annotation outline
boundary and the sample of data remains the same under zoom and autoscaling operations.

e For example, an annotation that is 20 pixels above a T-Wave peak position will
continue to be drawn 20 pixels above regardless of zoom. This allows for flexible
data viewing while maintaining text annotation visibility.

Text annotation controls
With the tool active, click in the graph to define a new annotation.
Select Click an annotation once to select it.
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Reposition
Add Connector

Edit Connector

Range Indicator

Autoposition

Clear all

Drag a selected annotation to reposition it.

Connectors or range indicators can be added to selected annotations by
using the editing handles on the edges of the selected annotation.

If the selected annotation has a connector to a data point of the graph, an
editing handle will appear on the end of the connector. The connector can
be moved to a different data sample of the graph by dragging the editing
handle on the end of the connector to the new position in the channel. To
remove the connector, grab the editing handle on the end of the connector
and drag the mouse inside the text annotation.

g rs
qr q”T test 9 qrs ars

test Handle test

t t t t t t t

I{l II']'J, ' Is S E iy o
aiauiciie Il et i

If the selected annotation has a range indicator, editing handles will
appear at both ends of the range indicator. To resize the range indicator,
grab an editing handle and move the mouse. To remove the range
indicator, grab an editing handle and move the mouse back inside the text
annotation.

Resizing windows or adding channels may reposition text annotations
outside of the visible area. Click and hold down the text annotation tool to
activate the text annotation popup menu. The “Autoposition Hidden

Annotations” option automatically
repositions all annotations so they are visible. Il ]

A_ This action cannot be undone.
Autoposition Hidden Annotations Thig will remove all of the text
Clear Annotations for Selected Channel... annotations from t_he graph.

Once the annotations have
Clear All Annotations... been removed, it will not be
. . possible to recover them. Are
Click and hold down the text annotation tool you sure you want to erase al
to activate the text annotation popup menu. of the annatations?
The “Clear annotations” option will clear
annotations for a selected channel or for all Yes Ho

annotations. This action cannot be undone so
you will be prompted to confirm your selection:

Selection Palette

Many of the tools within the AcgKnowledge environment are based around the selection. The selected range
of data in the graph is used as the source for measurements, waveform editing, transformations, and other
operations. The Selection Palette is a floating dialog that can be used to precisely enter the selection. See page
433 for Selection Palette guidelines.

Start/Stop Toolbar

® st <3 T_"|5top 4l

toggles to
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Channel Button Toolbar
Toggles the display of channel number and label region.

JJIT Analog input

Event Toolbar

IiE

*lllrl'ﬁil

Select an event to enable the toolbar. (Events and Event bar must first
be enabled via Display > Show Events and Event bar). Use the arrows

to move forward or backward through all event marker types. (If

events are placed in the waveform, the arrow navigation will locate

events in the selected channel only.)
Click the event palette icon to generate the event palette.

Focus Area Toolbar

|“Fncu5 crn:lT—wave vI = | —|-l-| -n-| |

Use the Focus Area feature to isolate portions of data that are of

particular interest within a graph. Focus Areas can be defined, added,
labeled and deleted within any portion of the graph. For more details

on creating and using Focus Areas, see page 89.

Measurements Toolbar
| —— ] — r

-
!  Single Row x5
Dual Row x 5
Dual Row x 3 |
Copy to Journzl

Copy to Clipboard

Single Row x 3

MNew Preset...

Organize Presets. .. |: IUse Linear Interpalation

Click the down arrow for quick access to measurement preset
functions, including pre-loaded options for organizing
measurement rows and columns. Or create and save custom
measurement display presets by choosing New Preset, entering a
name for the preset and clicking OK.

Right-click in the measurement bar for quick access to options for
copying measurement and using linear interpolation.

Custom Toolbars for Transformations and Analysis
AcgKnowledge 4.1 and above allows users to construct new
toolbars for triggering transformations and analysis. An arbitrary
number of toolbars may be created and populated with buttons
that can trigger any menu item in the Transform and Analysis
menus. The contents of the text-only buttons match the menu
item title. These toolbars will persist for each user and their
positions and visibility within the graph window will be retained.

ﬂ Transformation toolbars may be accessed via the
"Customize Toolbars" button.
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= Event fist
™ List visible events only

Events | Location ! ILabeI

- Stimulu..  1912.73 sec 1

| |
S

event

Type: ISt\mqus Delivery

Channel: |Global 52

Label: |2

Location: | 1965.03

[ Display

Display: |On waveform
¥ show user description
™ show location

I™ show amplitude

Indicator length: _I

Font... | aign: =|[= =]

Angle:

T R | |

1] deq.

= Actions
Find... |

Find Next

Cut Selected Event

Clear.. |

Clear Al

Summarize in Journal...

Mark Selection

Restore from Snapshot...

l Customize Toolbars

Actions Toolbars

2lx|

il EI Rename |

Analysis

- Histogram. ..

- Autoregressive Modeling. ..
Monlinear Madeling...

- Power Spectral Density...

- AR Time-Frequency Analysis. ..

- FFT...

- DWT....
Principal Component Analysis...
- Independent Component Analysi...
- Find Cyde...
- Find Mext Cydle
- Find All Cydles
Find Rate...

Current Toalbar Actions

- Detect and Classify Heartbeats
- Locate ECG Complex Boundaries
- Heart Rate variability. ..
- Gastric Wave Analysis...
Gastric Wave Coupling...
- Detrended Fluctuation Analysis
- Optimal Embedding Dimension
- Optimal Time Delay
- Plot Attractor
Correlation Coeffident
- Derive Phasic EDA from Tonic
- Event-related EDA Analysis

Clear Custom Toolbars

oo fe o

OK

Apply

Cancel
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Toolbar Position Retention and Changes [ =10 x]
Toolbars can be rearranged within the graph ~ Media

window or detached and turned into floating  ‘we1s0 ooogez -]
tool windows. Any modifications made by
» ”J JJIT 4 | Analog input” @ Start HI_ {l bl 'pl

the user to the position of most toolbars
within the graph window will be stored as an ]

application preference and used for new 10.00 =
graph windows as they are created and graph 500
files that are opened from disk. Default

toolbar positions have changed to move the Start button and cursor tools to the top of the graph window; users
preferring the ordering in previous versions may manually reposition the toolbars. Toolbar Tooltips may be
deactivated when toolbars are detached from a graph.

Axis Controls

If axis controls interfere with scale values,
— 6.00
20.000dd = o
K=o adjust the opacity slider in Preferences > Graph
= -20.000000

to hide the icons until the cursor passes over them

d

i

[nd A “scaling” button acts as a shortcut for opening the grid and visible range dialog, similar to double-
clicking the axis. If a channel corresponds to an analog channel that has calibration steps, a calibration
wrench button be displayed and will open the hardware calibration dialogs. This allows visual access
to commonly used operations for channels.

Module dependent: Generate the scaling or calibration dialogs for the channel input or calculation.
Analog inputs will open to the scaling dialog and channels that require calibration will initiate a repeat
calibration routine.

4

)

Line frequency: 60 Hz

Channel: |A2, PhasicEDA (CH 1) x| Min:  -1,70921umho
Interval: 5 samples sec Max: 1.80546 umho
Length: 3765 samples, 12.55 min Mean: 0.000340889 umho
Transformation Date Time Parameter Value
1| IIR Filter Wed, May 27, 09 |11:26:54.000 Filter Type High Pass
2 |Resample Graph Fri, July 17, 05 13:13:40.000 Freguency Cutoff 0.05
Q 0,707
|Starh'ng sample position to ... |1
IEnding sample position to tr... | 3907179

Paste Selected Channel to Journal | Paste All Channels to Journal | Close |

Use Display > Channel Info or use the channel’s contextual menu to display the Channel Information.

& Toggle the lock icon at the right edge of the window to change the lock state of the grid for horizontal
axis or the channel. Unlocked is open (latch to right); locked is closed.

Enable Cursor Tools During Acquisitions
Enables access to cursor tools while recordings are in progress. (AcgKnowledge 4.2 and higher only, Display
> Preferences > Graph)

Visit the online support center at www.biopac.com
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Button Transparency

Scaling, calibration, transformation history, and grid lock buttons may be made semi-transparent to allow
units, axis values, and other information underneath the buttons to remain visible. The Preferences > Graph
panel includes an “Axis controls” slider to change drawing from fully transparent to fully opaque.

When the mouse is within the buttons, they will be drawn fully opaque regardless of transparency setting. The
transparency is shared by the scaling, calibration, transformation history, and grid lock buttons and is the
same for all open graphs as this is an application-level preference.

Customizable Chart Track Dividers

Users may change the color used to draw the dividers between channels tracks The Preferences > Graph panel
contains "Chart Track Divider Appearance” options.

Plotting Background Colors

Starting with AcgKnowledge 4.2, customizable background colors for individual graph channels are available

in Preferences > Graph > Plotting Background Colors. 4
Mode:?~ Reaktime ¢ Selection =
Spectrum Analyzer Palette Channet|CH3, ECG z

-10.65

The Spectrum Analyzer Palette provides a dynamic display of the frequency
decomposition of data, in real time or post-acquisition.

See page 438 for details. -
Keyboard Shortcuts
Menu Option Windows OS Mac OS X
Program info Help > About AcgKnowledge | Help > About
AcgKnowledge
Quit Ctrl +Q #Q
Hide AcgKnowledge minimize (corner box) minimize (corner box)
File menu
New Ctrl + N #N
Open Ctrl+ 0O #0

Open for Playback

SMI Begaze Import

Close Ctrl + W
Save Ctrl+S ®S
Save As

Save Selection As

Save Journal Text As
Send E-Mail Attachment

Page Setup

Print Ctrl +P ®P

Quit Ctrl +Q #Q
Edit menu

Undo (when applicable) Ctrl+2Z ®Z

Cut Ctrl + X ® X
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Menu Option

Windows OS

Mac OS X

Copy

Ctrl +C

% C

Paste

Ctrl+V

®V

Clear (journal)

none

none

Clear All

Remove Last Appended Segment

Use the Rewind toolbar icon

Insert Waveform

Duplicate Waveform

Ctrl + D

#®#D

Select All

Ctrl + A

®A

Remove Waveform

Create Data Snapshot

Merge Graphs

Clipboard

> Copy Measurements

> Copy Wave Data

> Copy Graph

> Copy Acquisition Settings

> Copy Data Modification History for

All Channels

> Copy Data Modification History for

Selected Channels
> Copy Focus Area Summary
> Copy Event Summary

Ctrl + K
Ctrl+ L

Ctrl+ U

B ¥
- X

Journal

> Paste Measurements

> Paste Wave Data

> Paste Graph

> Paste Acquisition Settings

> Paste Modification History for All
Channels

> Paste Modification History for
Selected Channels

> Paste Focus Area Summary
> Paste Event Summary

> Manage PDFs

> Show Journal

Ctrl+ M
Ctrl +/

Ctrl +1J

®M

®J

Transform Menu

Recently Used

Digital Filters

Fourier Linear Combiners

Math Functions

Template Functions

Integral

Derivative
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Menu Option

Windows OS

Mac OS X

Integrate

Smoothing

Difference

Resample Waveform

Resample Graph

Expression

Delay

Rescale

Waveform Math

Slew Rate Limiter

Analysis menu

Find Cycle

Ctrl-F

®F

Find Next Cycle

Ctrl-E

®E

Find All Cycles in Focus Areas

Find All Cycles

Ctrl-R

#R

Find In Selected Area

Find Rate

none

none

Display menu

Tile Waveforms
Autoscale Single Waveform
Autoscale Waveforms
Overlap Waveforms
Compare Waveforms
Autoscale Horizontal

Show All Data

Show Default Scales

Shift+Ctrl+Y
Ctrl+Y

Ctrl+H
Ctrl+Shift+D
Shift+Control D

Shift=z Y

Shift# D

Zoom Back
Zoom Forward

Ctrl + - (minus key)
Ctrl + = (equal key)

3 -
¥+

Reset Chart Display
Reset Grid

Adjust Grid Spacing
Set Wave Positions
Wave Color
Horizontal Axis
Show

Customize Toolbars
Channel Info
Preferences

Size Window
Cursor Style

Create Data View
Create Focus Area
Organize Data Snapshots
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Menu Option

Windows OS

Mac OS X

Show All Data Snapshots
Load All Data Into Memory

Hardware Device Menu

Set Up Data Acquisition >
e Channels
e Length/Rate
e Event Marking
e Segment Labels
e Stimulator
e Trigger
e Sound Feedback
Set Up Advanced Averaging
Show Input Vales
Show Manual Control
Show Gauge
MP150 Info
Autoplotting
Scrolling
Warn On Overwrite
Organize Channel Presets
Set Up Linked Acquisitions
B-Alert Headset Check Impedance
B-Alert Headset AMP Baseline
B-Alert Headset Brain State Gauges
Check for Hardware
Exit Playback Mode
Manage Hardware Connections

Ctrl+T

Licensed functionality
Licensed functionality
Licensed functionality

®T

Start/Stop Acquisition

Ctrl + spacebar

Ctrl + spacebar

Delete recorded data
Delete all recorded data, similar to the
Append “Reset” button.

Ctrl+Rewind button

Option+Rewind button

Window menu
Bring All to Front

Help
Tutorial Screencasts from the Web
Open AcgKnowledge Tutorial
Application Notes from Web
Open AcgKnowledge Manual
Open Hardware Guide

About AcgKnowledge

Cursors
I-beam Ctrl-l % |
Arrow (pointer) Ctrl-B ®B
Zoom Ctrl-G # G
Grid
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Menu Option Windows OS Mac OS X

Event
Jump to
Annotation

Horizontal Scroll Location In chart, scope, or stacked plot mode (i.e., all but X/Y)
these keyboard shortcuts can be used to scroll to various
Home | parts of the graph.

Jumpstot =0 (i.e., places first sample of data flush with
End | left of graph window)

Jumps to the end of the currently selected waveform (i.e.,
Page Up places last sample of data of the selected waveform flush
with right of graph window)

Page Down Scrolls backward in time one full screen (i.e., places
leftmost sample of previous visible area at the right of the
new visible area).

Scrolls forward in time one full screen (i.e., places

rightmost sample of previous visible area at the left of the
new visible area).

Tooltips

Tooltips is an online assistance feature to help novice users learn how to use AcqKnowledge. Text is
generated to describe the software functionality of the item under the mouse. Unavailable items/controls will
indicate why they are unavailable. Tooltip visibility can be controlled by selecting or deselecting the “Show
Menu Tooltips” checkbox in “Preferences > Other.”
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Mouse Controls
Contextual menu items correspond to the AcgKnowledge main menu state.
The following options can be accessed with a right-click for Windows or Control-click for Mac.

= Mac OS X only: If the mouse is over a portion of the graph that has a context menu available, the
cursor will change to an arrow with a menu.

Graph window Journal window Horizontal Scroll
Transform ¢ Unda Cirl+7 Scroll here
Analysis b N _ B —————
Duplicate Wawveform - - Left edge
Select Al Cut Cirl +x Right edge

ot Copy Ctrl+C Page left
— Haste Ctrl +y Page right

Autoscale Single Waveform Clear _
Autoscale Waveforms Scroll left
PRHTTEEHETIAEs Select Al Ctrl+A scroll right
Wave Color ¢ -

v Line Plot v Word Wrap Vertical Scroll
Step Plat Scroll here
Dot Plot -
Line Thickness 4 TDD
Last Dot anly Bottom

v Grid P
Adjust Grid Spacing... age up
Grid Options... Page down
Grid Preset L4

Scroll up
R Scroll down
Assign Current Event Type
Event Palette Measurements Events
Channel Info... Copy to Journal Insert New Event
Copy to Clipboard Paste Event Summary to Journal

| Use Linear Interpolation

Mouse Scrollwheel Support

The scrollwheel operates on whatever window is underneath the mouse; this window does not need to be the
topmost window. Many third-party mice include scrollwheels, scrolling balls, or trackpads to allow for quick
access to navigating through a document. Mice may provide two separate controls, one for scrolling vertically
and one for scrolling horizontally.

AcgKnowledge supports horizontal and vertical scrolling using the scrollwheels on the mouse. Scrolling is
supported in graph windows, journal windows, the event list in the event palette, and a number of other
dialogs and windows that contain scrollable lists. A dynamic zoom operation can easily be performed in an
AcgKnowledge graph channel by holding down the Ctrl key (PC) or the Option key (Mac). Scroll ‘up’ to
zoom in and ‘down’ to zoom out. (Zoom operation supported in AcgKnowledge 4.2 and higher)

e Mac OS X: To increase the scroll speed, hold down the “Option” key while using the scrollwheel.

Modification History
Modification history functionality provides the ability to track transformations that are performed on
channel data. This gives a visual indicator of whether transformations have been applied to a channel and a
record of the sequence of transformations and the parameters for the transformation. The history for the
channel is viewed in the "Channel Info..." dialog. This dialog is accessible via the Channel Info option of
the context menu or the Display > Channel Info menu item. This dialog replaces the "Statistics™ dialog used
in earlier versions.

Visit the online support center at www.biopac.com
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Cancelling Transformations and Transformation Progress Bar
In AcgKnowledge 4.1 and higher, transformation cancel support has been restored to the software to offer
Cancel buttons in progress dialogs that indicate the completion status of threaded transformations.
Progress dialogs have also been enhanced so the textual message includes a graphical progress bar with
the percentage that is completed. If the progress message does not contain a percentage, an indeterminate
progress bar will be displayed.
AcgKnowledge 4.1 and higher extends the analysis package to display dialogs while analysis routines are
in progress. This progress dialog contains a cancel button which may be used to terminate the analysis
before it is complete.
The event tool allows events to be inserted on a graph with the mouse. When performing event editing,
three new context menu shortcuts have been added to help make the process quicker:

Edit Event

Assign Current Event Type  F Assign Current Event Type B Clear Event
Event Palette |: Event Palette Baste Event summary o) Jourmz

Ll

= Assign Current Event Type: Right-click an area with no data to set the type of event that will be
inserted on the next left-click of the mouse.

= Event Palette: Toggles event palette displays.

= Edit event: Right-click a specific event to open the event palette to Selected Event controls for the
event that was right-clicked.

Typed Event Label Drawing Improvements

The Event system has been enhanced to allow different drawing options = Display
for channel-specific events when they are drawn in the data plotting area. ~ 2==": |On waveform =
These drawing options are applied to event labels, event amplitude ¥ show user description
markings, and event time location text. The following drawing options I™ Show location
may be customized: I™ Show ampitude
. . . . L . Indicator length: _:
= Font (including family, size, italic/bold, and other options) — | A"g'“i"?izl
= Rotation angle of text baseline Angle: [INNRRSAANRN [0 i

= Text alignment (left, center, right)

Choose MP150 Help Button
A Help button is available in the "Choose MP150" dialog that appears when the application is attempting
to locate an MP150, either on initial application installation or on communications errors. The Help
button opens a "Troubleshooting MP150 Communications.pdf" document from the application's User
Support System. This troubleshooting guide provides common information from Technical Support for
decoding the network blink states of the MP150 and other steps to take to troubleshoot why the MP150
and computer cannot communicate properly.

Tooltips

Channel Label, Units Length and Tooltips

Character length limitations for channel label and units have been expanded: labels may now be up to 1032
characters and units may be up to 511 characters. Tooltips have been added to display the full channel units
when the vertical axis is moused over. Tool tips do not wrap, so long labels may extend beyond the visible

viewing area of the computer monitor.
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| £] | | |-10.0
= 5.00

0.o0
Click here once to select channel CH4, Heart Rate Variability or twice to change the channel's label.

Waveform Sample Rate: 1,000 kHz

Acquisition Sample Rate: 1,000 kHz

Graph Window Tooltip Improvements

Several of the toolbar buttons and the Start/Stop button in the graph window are associated with keyboard
shortcuts that may be used instead of the buttons. Tooltips for these toolbar buttons display the corresponding
keyboard shortcuts. Toolbar Tooltips may be deactivated when toolbars are detached from a graph.

B &< Ee £ FTH®
- 5
JJ;' ISC j I TImE = Click this to open the Customize Toolbars dialog.

Menu Item Tooltips

Menu item tooltips display informational text about how menu items may be used. (Similar text was
displayed in earlier versions of AcgKnowledge for Windows in the status area and in earlier versions of
AcgKnowledge for Mac as Balloon Help). Analysis menu tooltips have been expanded to provide more detail
regarding the types of analysis that are performed by the selected item.

Visit the online support center at www.biopac.com
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Chapter 4 Editing and Analysis Features

Overview

This section provides a brief overview of some of the most frequently used AcqgKnowledge features and
functions. For more detailed information about specific features, turn to Chapters 9 through 13.

If you are not currently running AcqKnowledge, double click the AcgKnowledge icon to start it. Choose Open
from the File menu and select the file called “demo data.acqg.” Your screen should look like this:

. AcgKnowledge - demo data.acq ;IEIEI

File Edit Transform Analysis Display Script MP150 Window Help Media
demo data.acq [£] |

Hosm «HHT@RQ@ P ¥y = 4

YA REEE I E R

J 411 40]|a]3]10]42|ecs

A A
a1 |2
= — =
_;‘.}_ 60.00 L &
1] ] i I I I I I i =
A 2 I Y | I I, i 000 -
i i v i I I W V - Iy, &
A Y Y UTTOPTNLY W LY Y W VNS (VLY. NNy N g PO TV FEYT W &z
T(D s ]Jll[u"‘\(\u' U \‘|' \}]\J”U\‘]‘[ll‘:]\[‘ul‘\lvv'd Rty “J”IIJ’"V Wuuuu \[IN‘U\I' N UVUI"VU W\d\'\l hJ'V - L _g
Bl e — o
= 204 2
e Y NPT, Y LY VNN T T AT L1 (X MY N Y OV T YPRPYY.TN Ny A Koy o [ £
et ™ r'n WY LA U ARG BN kA A L i [ &
o] ] I ] |
AT PM”NWM v ‘“ﬁ‘l"‘l"' MW-—MW-‘“-D.DD £
L] \ I \ I S A
42 L
Bl T T A E
B=] = | n.00 I 47 |=]
22.000 24.000 26.000 26.000
seconds A
K| [

Edit menu functionality during acquisition

The following Edit menu functions may move or alter memory and cannot be performed during acquisition:
Undo, Cut, Clear, Clear All, Paste, Insert Waveform, Duplicate waveform, and Remove Waveform.

Scroll bars

As you can see, there are four channels of data in this file (Heart Rate, ECG, EEG, Resp, EMG Raw, EMG,
Integrated EMG). Although this record is 30 seconds long, only a few seconds are displayed on the screen at
one time. You can move to different locations in the record by moving the scroll box at the bottom of the
screen. Dragging the box left moves you to earlier points in time, and moving right displays events closer to
the end of the record. Clicking on the arrows at either end of the horizontal scroll bar allows you to move to
different points in time at smaller increments.

A vertical scroll bar is on the right side of the screen, and. If you click the scroll arrow at the top of the box,
you’ll see that one waveform appears to move down within its “track” on the screen. Moving this scroll box
changes the amplitude offset of a selected channel. As with the horizontal scroll bar, you may either move the
box or click the arrows.
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Scaling
Horizontal axis

Click the horizontal scale (above the scroll bar) to generate a dialog where values can be entered for units
per division and horizontal scale offset.

Set Screen Horizontal Axis

Set Screen Horizontal Axis

Time scale: I . seconds,/div

Initial time offset: | 0.0000000 seconds

Precision: IZ vl digits
¥ Hold relative position for Append acquisitions

Global Grid Settings... | Channel Grid Settings... | QK I Cancel |

Time Scale

The time interval (units per division) between the on-screen grid marks. There are four vertical divisions
per screen, and the default is 2.00 seconds per division, so eight seconds of data will be displayed on the
screen display. Entering a larger value will display more of the record, and entering a smaller value will

display less.

Initial offset

The time corresponding with the first data point displayed. For example, to display the middle 1/3 of the
data file (assuming the record is 30 seconds long), set the offset to 10 seconds and the seconds per
division to 2.5 seconds.

Precision
Controls number of decimal places following whole units appearing in the horizontal axis.
Hold Relative Position for Append acquisitions

This option is available in AcgKnowledge 4.2 and higher, and active only in Append acquisition mode.
When checked, the display for appended acquisitions will show the same relative position with respect to
the start of acquisition. This is convenient when doing short-duration; high-speed acquisitions where you
want to be able to zoom in on the signal of interest and have the relative position (from the start of
acquisition) stay the same. If the acquisition is started with the horizontal scale such that it falls between
acquisition segments, this feature is not implemented.

When Hold relative position is checked; after zooming in on a section of data that has been selected
(highlighted) and is completely within one appended segment, the scale of the selected area changes with
each appended segment such that it remains relative to the start of acquisition for that segment and
updates the measurements. If the selected data area falls within two or more appended segments, this
feature is not implemented.

Global Grid Settings
Opens dialog for applying master grid settings for all channels. For more details, see Grids on page 78.
Channel Grid Settings

Opens dialog for selectively applying grid settings to one or more channels. For more details, see Grids
on page 78.

Visit the online support center at www.biopac.com
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Vertical (Amplitude) axis

AcgKnowledge - Set Screen Vertical Axis

Set Screen Vertical Axis

|CH41, Heart Rate =l
BPM/div
™ apply to all channels
Midpoint: | &6.000000 BPM

[ apply to all channels

Predsion: IZ VI digits [ apply to all channels

[~ Use adaptive scaling Settings... |

[~ Apply to all channels

¥ Show textual value display Settings... |

Values on: 3 top

" bottom
™ Apply to all channels

Channel Grid Settings... | QK I Cancel |

Clicking the mouse in the vertical scale area (where the amplitude of each channel is displayed) generates
the Set Screen Vertical Axis dialog, where values can be entered for units per division and vertical scale
offset.

Scale

Determines the limits of the viewable vertical axis scale (usually Volts). AcqKnowledge divides each
channel into four vertical divisions. When data is displayed in chart mode, each “track” is divided
into four divisions. When data is displayed in scope mode (or if there is only one channel of data) the
entire screen is divided into four intervals. To increase the apparent amplitude for a given channel, set
this value to a smaller number; entering a larger number will cause the waveform to appear to have
less variability.

Midpoint
Refers to median displayed value for a particular channel. A checkbox to the left of each of these
options allows you to apply these scaling options to all channels. By default, the scaling options you
choose will only apply to the channel indicated in the dialog. If you want to apply these to all
channels, click all the checkboxes.

Precision

Controls number of decimal places following whole units appearing in the vertical axis. Can be
applied to selected or all channels.

Apply to all channels
Applies settings selected in the various dialog options to all channels.
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Adaptive Scaling

Adaptive scaling uses the data to automatically determine the appropriate visible range for the data.
As the data changes or the baseline shifts, the visible area shifts along with the data to ensure that data
will always be plotted on the screen. Rather than limiting data visibility to a fixed voltage range, the

range adjusts for factors such as background noise, electrode movement, EMG interference,
disconnection, etc.

Adaptive scaling can be applied to channels individually and can be unique for each Data View. A
“settings” button is activated when to “Use adaptive scaling” is enabled.

Adaptive Scaling Settings

Adaptive Scaling Settings

—Minimum Visible Area

{* Calculate from data

{~ Display noless than: | 0.0000000 Violts

—Maximum Visible Area

% Caloulate from data

{~ Display no more than: I 20,000000 Valts

Ok Cancel |

Scaling changes will be applied whenever the domain of the plot area is changed. This includes
manual changes to the horizontal scale, horizontal scrollbar use, horizontal auto-scrolling when
dragging out a selected area, auto-scrolling or auto-plotting during acquisition, initial enabling of
adaptive scaling and auto-scrolling when executing Find Cycle/Peak functions.

Show Textual Value Display

This option enables a real-time display of the most recently acquired values on a channel-by-channel
basis, providing amplitude information akin to clinical monitoring displays. This can be useful for
obtaining a quick visual numerical summary of incoming data while a recording in progress.

o
=
o
=]

o
[

=

In post-processing, the value display can be seen by performing a “spot measurement” (clicking the
arrow cursor on a single data point).
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Textual value display in spot measurement mode

Textual value display can be customized for font, color and style, and positioned at the top or bottom
of any selected channel. These options can be configured independently per channel or applied to all
channels.

e Inchart and stacked chart modes, the value display will appear for all enabled channels.

e Inscope mode, the value display will appear only if the selected channel has the value display option
enabled.

e Textual value display is not supported in XY mode.
To enable textual value display:

Click on the vertical axis area to open the setup dialog and enable the “Show textual values display”
checkbox. Use the Settings button to set the font style, size and color.

¥ show textual value display Settings... |

Values on: ™ top
f+ bottom
[~ apply to all channels

Channel Grid Settings

Opens dialog for selectively applying grid settings to one or more channels. For more information,
see Grid Details on page 78.
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Grid Details
You can customize the grid behind the waveforms displayed in graph windows in a number of ways.
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Grid Lock/Unlock

Each scale has a small padlock in the lower right
hand corner that displays the current state of the

grid lock for that axis and channel. Click the

padlock to change the lock state.

« | Unlocked grid—the number of grid lines

and their pixel spacing on screen is kept

4 60888

2 .6a0088

B .Baa08E

constant through zoom and scaling

2 .BaaeeE

my

operations

= b | ocked grid—the grid lines themselves
are maintained at constant values through
zoom operations, e.g. a grid line which is

4.639159

located at .753 volts when the grid is

1.635135

mh

locked will continue to be located at .753
volts regardless of changes in scale.

Grids can be locked and unlocked on individual channels.
= The lock for the horizontal axis is shared by all channels.
= The vertical scale can be locked and unlocked independently.

The lock state of the grid can also be changed through the axis dialogs displayed when the mouse is clicked
on the axis scale values in the graph window.

= Click the “Lock units/div” checkboxes.
[ Lock units./div

NOTE: All grid screenshots are from AcgKnowledge 4.2.

Visit the online support center at www.biopac.com
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Grid Scaling

When the grid is locked, the scaling factors controlling how much data is visible on the screen (the distance
between consecutive major lines of the grid and a fixed location for one of the lines of the grid) are specified
differently. When the grid is unlocked, these scaling factors do not affect the grid.

The Grid Spacing option specifies the scaling factors and whether or not to “Show minor divisions” on the
grid display. Changing these values only affects the grid display, not how the waveform is scaled.

Horzortal g
Adjust Channel Grid Settings ¥ Use channel specific horizontal arid
E::ti;?grid Major division: IW seconds/div
[ Lock vertical grid First grid line: IW seconds
Major division: IW Violts/div ¥ Show minor division
First grid line: IW Violts I™ Apply to all channels
¥ Show minor division
I~ apply to all channels T I Cancel |

= Vertical grid: the total range of vertical units displayed per track is specified (Major division) along with
the first value that should be displayed (First grid line).

= Horizontal grid: the scaling factors are specified in how many seconds of data should be visible on the
screen (Major division) and the time offset of the left hand side of the display (First grid line).

= Settings can be applied to a selected channel or all channels. (Controlled by checking or unchecking
‘Apply to all channels”).

Adjust Grid Spacing

To modify the horizontal and/or vertical grid spacing, choose “Display > Adjust grid spacing.” This will
generate the aforementioned dialog for modifying the locked axes of the selected waveform. (“Lock vertical
grid” and “Use channel specific horizontal grid” must be enabled in order for the gridline fields to become
active). Enter the desired values and click OK.

= Settings can be applied to a selected channel or all channels. (Controlled by checking or unchecking
‘Apply to all channels”).

The following Grid items can also be selected by right clicking with a graph channel and using the contextual
menu.

v crd Grid: Toggles Grid display on and off.
Adjust Grid Spadng... 4 . R R R R
Grd Optiors... N Adjust grid spacing: Use to change Grid spacing
e for one or all channels (divisions between
Create Focus Area... . . .
o e gridlines and position).
ssign Current Event Type ' 19 gec x 10 Uniits Grid
BEiEsE e Grid Options: Use to change Grid display for one
Chemellnfo.. Orgnize resess... or all channels (Color, width, style, dash length,
dash spacing, and scale adjustment position).
] Grid Preset: Use to select/create /save custom
: Up | Grid presets and organize them in a list. (left)
Dawn |
Top

Bottom |
Rename Delete Delete Al | Ok I
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Example of channel specific horizontal grid

—Harizontal grid

W Use channel specific horizontal grid ! E
Major division: I 1.0000000 seconds/div —

First grid line: ID.DDDDDDD seconds

¥ Show minor division

Note in figure on left, the horizontal time scale division is
one second per division in the graph channel, but two

seconds per division in the horizontal axis. (Green bar area)
™ Apply to all channels

oK I Cancel | —
i
i
T 24.00 25.00 26.00 |
24.00 26.00
seconds
Horizontal Axis Grid Controls
Set Screen Horizontal Axis
Set Screen Horizontal Axis
Time scale: | 2.0000000 seconds/div
Initial time offset: | 21.579238 seconds
Precision: IZ "I digits
I Hold relative position for Append acquisitions
Global Grid Settings... | | Channel Grid Settings... I Ok | Cancel |

= Global Grid Settings: Brings up dialog specifying grid settings used in the shared Horizontal Axis of
the graph.
= Channel Grid Settings: Brings up the ‘Adjust grid spacing dialog’ referred to on previous page.

Individual channel-specific grid settings take priority over the Global Grid Settings. If no channel-specific
grid setting exists, the Global settings are applied.

Grid Tool

r 1 af¥]

The Grid Tool allows divisions of the grid to be specified with the mouse. This tool has four states:

2 Inactive The cursor changes to a circle with a line running through it. The grid
cannot be adjusted since both the horizontal and vertical axes are unlocked.

w  Horizontal axis locked  The cursor changes to a horizontal line. A mouse click and drag will change
the location of the horizontal lines of the grid.

¥ Vertical axis locked The cursor changes to a vertical line. The tool can be used to adjust the
vertical spacing of the grid.
% Both axes locked The cursor changes to a crosshair. The rectangle of a full grid division can

be drawn over the data. Adjust the spacing of locked grid lines underneath
the waveform.
If the “Alt” (PC) or “Option” key (Mac) is held down for the Grid Tool in any of the active
modes, an ellipsis will appear under the cursor. After a mouse click or drag, a Grid Settings b
dialog will be generated. This dialog is functionally similar to the grid dialogs accessible via the
axis settings dialogs.

Visit the online support center at www.biopac.com
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= Based on lock status, the dialog will allow you to adjust Horizontal, Vertical or combined settings.

= The values displayed in the dialog correspond to the grid ranges that were just drawn out on the screen
with the grid tool if a mouse drag occurred.

= If the mouse was simply clicked, the current grid settings are displayed.
= This dialog allows the grid drawn out with the grid tool to be made more precise.
Grid Reset
To return to the original grid, choose “Display > Reset grid.”
This will reconstruct the default, unlocked grid of four divisions per screen with solid light gray grid lines.
Grid Options

The major and minor grid lines can be further customized with spacing, number of divisions, and different
colors and dashing styles. These are modified under the dialog generated via Display > Show > Grid options.

Grid options
—Major grid lines
Line color: |
1
Line width: s
LI T I T I O A A I A O )
Dash style: ISDIid LI
1
Dash length: P
LN I I T Y O O R I I A O e )
1
Spadng: } I)I

—Minar grid lines

Line color: 1

Line width: I)'”,,,,,,.........uu
Dash style: ISDIid LI
Dash length: IIII,,,,,......’i..uun
Spadng: I,.,,,,)l,..........un

MNumber of divisions: I 5

[ Aapply visual settings to all channels
—5cale Adjustment

To adjust the harizontal or vertical scale when grids are locked,
use:

{ Start/End parameters

& Middle Point/Range parameters

= [

Line color Click the color well to generate a color chooser.

Line width Adjust the corresponding slider.

Dash style Select a style (solid or broken) from the pop-up menu.

Dash length Adjust the corresponding slider (for any dash mode that is not a solid line).
Spacing Adjust the corresponding slider (for any dash mode that is not a solid line).
# of Divisions Enter a value in the text field to set the maximum number of minor grid lines

to be displayed in a single major grid division.
Apply visual settings to all channels

When checked, the visual settings for major and minor grid lines are applied to all
channels. When unchecked, the settings will be applied to the selected channel only.
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Scale Adjustment

Select whether to use Start/End or Range/Midpoint parameters to determine
horizontal and vertical scale adjustments. Applied only when grids are locked.

Set Screen Horizontal Axis

Start: I | 0, 0000000 seconds

End: | 10.000000 seconds

10 sec. Horizontal Scale adjustment set to ‘Start/End’ parameters

Set Screen Horizontal Axis

Range: I [ 10,000000] seconds

Midpaint: | 5.0000000 seconds

10 sec. Horizontal Scale set to ‘Middle Point/Range’ parameters

To undo your selections and return to the original grid, choose “Display > Reset grid.” This will reconstruct
the default, unlocked grid of four divisions per screen with solid light gray grid lines.

Friendly Grid Scaling

Too much precision can create numbers that are difficult to quickly interpret, so “friendly” grid scaling
adjusts the range to the nearest possible whole numbers. For example, it’s easier to comprehend
4.1000000 than 4.1427385. Unlocked grids always restrict precision to the minimum needed for a given
magnitude. This produces a “friendly” scale that makes it easier to determine the range between the
gridlines when data is formatted for display or printing.

With unlocked horizontal grids, the horizontal scale values printed on a graph may not match the
horizontal scale values displayed on the application screen. For example, horizontal scale values

Displayed in the application:  0.00000 7.50000 15.00000 22.50000
Printed: 0.00000 7.50125 15.00250 22.50375

The precision will only match when using the “Visible area” print option. With selected area or entire
graph options, the precision will not match when grids are unlocked because friendly grid scaling is
applied on screen, but is not used during printing where the range is fixed to fill the entire page.

Note that the Zoom tool and vertical autoscale may produce different results. To accommodate the grid

precision, the Zoom result may be slightly more than specified in the zoom box. For precise correlation

from selected area to result, lock the grids (horizontal and vertical). Precision is not restricted for locked
grids or display ranges manually entered in the axis setting dialogs.

See the YouTube video for a detailed explanation of grids.

Visit the online support center at www.biopac.com
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Journal Details
To create a journal, choose File > New > Graph-Specific Journal or Independent Journal or choose
Display > Show >Journal or Edit > Journal > Show Journal.

Once a Journal is open, text and data can be entered. To enter text, just begin typing when the journal is open.
AcgKnowledge will automatically “wrap” the text to fit the screen width.

In addition to formatting tools, Time Stamp, Date Stamp and Auto Time functions are @ |Eq (0
available in the journal window. —

e Time and Date stamps refer to the computer’s clock to record the time and date, respectively, directly
into the Journal.

e Auto Time function records the time at the instant the carriage return is pressed, which is useful for
tagging commands as data is collected.

Measurements and data may also be pasted into an open Journal. To paste measurements into an open
Journal, select an area and choose “Paste measurements” from the Edit > Journal menu. Paste to Journal
functions only work if a Journal is open and vary for each journal type:

=  Graph-specific journals can only receive measurements and wave data from their associated graph
view

= Independent Journals can receive measurements and wave data from any open graph. Results will be
put into both the graph-specific journal and the independent journal. Use Journal Preferences to auto-
paste to an independent journal if desired.

Set the Journal Preferences (page 448) to simultaneously record measurement name and units or control Event
(marker) paste functionality and detail.

To paste waveform data into a Journal, select an area and choose “Paste Wave Data” from the Edit >
Journal menu. Allow several seconds for the text file to be written. The result is a text file of your wave data
pasted into your active journal.

TIP: When pasting a graph into a Journal: Pressing the Ctrl key (PC) or the Alt key
(Mac) will launch a dialog allowing the image to be resized prior to pasting.

ARG
FEOCER

A useful feature of the Journal is that it works in connection with the Cycle/Peak Detector and other
measurement functions to paste in values from waveform data for further analysis.

In the example above, the peak-to-peak and delta t measurements were pasted from the open graph window to
the Journal. See the Journal paste section on page 275 for more information on how to paste information to
Journal files.

Use Save as/Open Journal Template to retain SOP text, or standardize lab/computer details for record
keeping.
Journal Contextual Menu

The Journal contextual menu allows quick access to common text
editing functions, as well as a tool for easily re-docking the Journal
window to any edge of the graph. To activate this menu, right-click
anywhere within the Journal window.
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Rich Journals

The AcgKnowledge 4.2 Journal adds powerful rich text editing tools, offering advanced functionality
common to most word processing programs. The following toolbar options are available within the Journal
window:

e Font family

e Font style: bold, italic, underline

e Paragraph alignment: left, right, center, justify
e Font color

The following items can be pasted or embedded into the Journal text:

e Images

e Numbered lists
o Bulleted lists

e Tables

e Numerical statistics or expressions

Images must reside within a document in order to be pasted into the Journal. Pasting image files directly from
a location such as the Desktop is not currently supported.

Journal Toolbar Buttons

The Journal toolbar controls all formatting functions within the Journal window. Although the settings
customized in this toolbar are retained within a saved Journal, global default settings for subsequent Journals
are not overridden. To change the global defaults, the overall Journal Preference settings must be modified.
(Edit > Journal > Preferences). For more information, see Journal Preferences on page 448.

Journal Toolbar Icon Function Explanation

E Clear Clears text from Journal window
Replace Replaces Journal text with contents of external text file

Save Saves selected or full Journal text to an external text file
Page Setup Opens dialog for modifying Journal text print configuration

Print Prints the Journal text to the default printer

Time stamp Inserts current time into Journal

Date stamp Inserts current date into Journal

O, Time AND Date Inserts current time and date into Journal when Enter/Return key is pressed

Font Use to select font type and size for Journal session
Text style Use to bold, italicize or underline text
Text alignment Aligns paragraph text to left, center, right or justified position
Font color Selects color of Journal text
Numbering Toggles text numbering on and off

Visit the online support center at www.biopac.com
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Bulleting

Toggles text bulleting on and off

Increase indent

Increases indent in a bulleted or numbered list*

i mm

Decrease indent

Decreases indent in a bulleted or numbered list

Insert link Adds hyperlink to Journal
Table Inserts a table into the Journal
Table row Adds a row to the table **

Table column

Adds a column to the table

Delete table row

Removes selected row from the table

R ERER R EREGE

Delete table Removes selected column from the table
column

Merge cells Merges selected cells within the table
Split cells Splits selected cells within the table

*Active only when cursor is positioned within a bulleted or numbered list.

**Additional table tools are active only when a table is present.

NOTE: If the AcgKnowledge graph or Journal windows are decreased in size, the Journal toolbar will
become truncated and some buttons may no longer be in view. Buttons no longer visible on the toolbar can be
found in drop-down menus indicated by arrows. (See below)

Journal Numerical Table Tools

The Numerical Table Tools function allows easy insertion of measurements and humerical data into a Journal
table, which can then be computed and evaluated via basic mathematical operations and expressions. This
eliminates the need to export data to a spreadsheet application in order to validate statistics gathered during
the course of an experiment.

Numerical Tools operations permitted within a Journal table:

= Insert a single measurement value

= |nsert all measurement values
= |nsert all measurement values with header row

= Sum, Mean and Standard Deviation statistics for table rows and columns
= Expression evaluation
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H@ B &, HIMSSheIIDIgZ =l =l B 7 U|=
Right click inthe table cell to open
Mumerical Tools cortextual menu.

566 |112
Undo Ctrl+Z

968 |1443 Hedo Cirl+Y

1218|1868
Cut Cirl -+
Copy Crl+E
Paste Gl
Clear,
Select Al Ctrl+A
Insert Single Measurement Value
Insert All Measurement Values
Insert All Measurement Values with Header
Row Statistics Sum
Column Statistics b Mean
R e Standard Deviation

|: Word Wrap
Menu Item Function
Undo Removes previous operation
Select All Selects all cell contents

Insert Single Measurement Value

Pastes single selected measurement value into cell

Insert All Measurement Values

Pastes all measurement values into cells

Row Statistics

Performs Sum, Mean or Standard Deviation operations on row data

Column Statistics

Performs Sum, Mean or Standard Deviation operations on column data

Evaluate Expression

Performs mathematical operations and functions on cell contents

Word Wrap

Wraps text within visible Journal area. (Does not apply to table cells)

Example of Sum, Mean or Standard

Sum, Mean or Standard Deviation operations can be easily performed on table data. Right clicking within a
cell opens a contextual menu containing available operations under ‘Row’ or ‘Column’ statistics. Choose an
operation, and the result will appear in the selected cell. (See sum example below)

1o0]100]100]!
Undo

Ctrl+Z
Redo Cirl+Y
Cut Cirl+x
Copy Ciri+C
Paste Gy
Clear;
Select All Cirl+A

Insert Single Measurement Value
Insert All Measurement Values
Insert All Measurement Values with Header

Row Statistics
Column Statistics

3

Evaluate Expression

E=—
Mean
Standard Deviation

|: Word Wrap

| 100 100{ 100 | 300
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Example of Evaluate Expression
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This feature works very much like Excel® Simply enter the cell identifiers into an empty cell, then right-click

and choose ‘Evaluate Expression.” The formula occupying the cell will be computed and be replaced by the

result. The mathematical operations and functions available for standard Biopac Expression syntaxes may be

used. (Transform > Expression). Expressions can be created beforehand then copied and pasted into a

Numerical Tools Table cell.

| 566 |440[ 32| A1+B14C1]

Undo

Bedn
Reao

Cirl+Z

Cut
Copy

Paste

LIEar

Ll p,

Cirl+v

Select Al

Cirl+A

Insert Single Measurement Value
Insert All Measurement Values

Insert All Measurement Values with Header

Row Statistics
Column Statistics

Evaluate Expression

|: Word Wrap

If the expression syntax used is incorrect or invalid, a warning dialog will appear.

supported.

AN ENEANSNEE A

Adding a hyperlink to the Journal

Use the Journal hyperlink J toolbar button to insert a link to a web address into the Journal. This

operation is very similar to adding regular text.

1. Click into the Journal at the desired position for the link to appear.

2. Click on the “Insert link” toolbar button

3. Add the web address and some text identifying the link into the URL and Text fields.
NOTE: For the link to be active, the http:// designation must be entered before the web address.

4. Click OK, and the live link will appear in the Journal.

AcgKnowledge 4 Software Guide
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e To format the link text, select the link and use the Journal formatting tools.

e To edit the link text, position the cursor at the end of the link and use the arrow keys to
navigate to the desired portion. Backspace to remove unwanted text and type in new text.

e To delete a link, select the text and use the Delete key.

e Once a link has been created, the URL portion cannot be edited from within the Journal, nor
can the original “Insert hyperlink” dialog be recalled. If the URL itself needs to be edited, a
new link must be created using the “Insert Link™ button.

NOTE: Once a hyperlink is inserted into the Journal, entered additional text is also treated as a hyperlink. To
nest hyperlinks among existing text:

1. Insert hyperlink(s) at the end of Journal text.
2. Select the hyperlink text, right-click and choose “Cut” (or Ctrl+X).

3. Paste the hyperlink into the text at the desired location. (Ctrl+V) Pasting the link
into existing text does not affect formatting of subsequent text.

Embedding PDFs in Journals

Multiple PDF files can be pasted into a Journal as convenient tabbed windows with all formatting and
graphics intact. To do this, simply choose Edit > Journal > Manage PDFs, browse to the location of the
desired PDF files and choose “Embed new.”
TIP: You may also embed PDFs while in the Journal by right-clicking in the Journal window and choosing
“Manage PDFs” from the contextual menu.
For more details on managing embedded PDFs, see page 277.

See the YouTube video for a detailed explanation of the Journal features.

Select a waveform / channel

Although multiple waveforms can be displayed, only
one waveform at a time is considered “active.” Most
software functions only apply to the active waveform,
which is also referred to as the “selected” channel.
Selecting a channel allows you to highlight all or part
of that waveform, and enables you to perform
transformations on a given channel.

In the upper left corner of the graph window there is a
series of numbered buttons that represent each channel
of data. The numbers in the bunttons correspond to the
channel used to acquire the data (the specifics of setting
up channels are discussed on page 34). In the sample
file, ECG channels are represented by channels 1, with
respiration on channel 2.

To select a channel, position the (] cursor over the channel button that If1 2]ece
corresponds to the desired channel and click the mouse button or position the Hil_ —
(%] cursor on the waveform of interest and click the mouse button. £

Note that the selected channel box appears depressed and the channel label to
the right of the channel boxes changes to correspond to the selected channel.

Additionally, the channel label in the display (on the left edge of the track) will
be highlighted for the active channel.

Channel Labels

Each channel has a label on the left and right edge of the graph window. ]
The left label is used to identify the contents of each channel (ECG, Channel &
Respiration, etc.). Label 2
The right label is used to denote the units for each channel’s amplitude scale —

(usually scaled in terms of Volts).

Visit the online support center at www.biopac.com
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When a channel is active, its label is highlighted and also
appears by the channel buttons. e
To change the label for a given channel |[aralog input]
= during or before acquisition ok | cancel
(including Append mode)
revise the Hardware menu > Set Up Channels label text AcgKnowledge 4 Channel label

= post-acquisition / analysis only
click the left label enter the desired text in the dialog

Show/Hide Channel

[1 2] Ece

You can “hide” a waveform display without changing the data file. To hide a channel:
Windows: Alt+click in channel box.
Mac OS X: Option+click in channel box.

Or, Alt+click on the channel number at the top of the channel label region. ITI
To view a hidden waveform, repeat the appropriate key-click combination.

Alternatively, you can show/hide a channel via Display > Channel Visibility and check/uncheck the
channel boxes in the Channel Visibility dialog. (See this Display menu option on page 430.)

When a channel is hidden, the channel button will have a slash through it. View a hidden channel by
holding down the Alt or Option key and clicking in the channel box again.
Focus Areas

Focus areas are comprised of selected time ranges within the graph. The purpose of the “Focus on” tool is to
easily isolate selected areas within the graph window for discrete analysis. This can be useful for identifying
areas of interest within a larger data set by highlighting, naming and storing them permanently in the graph.
When a focus area is assigned, that portion of the graph will appear shaded with borders appearing at the
edges. The assigned focus area label will be displayed vertically in the shaded area. (See following page for
example.) Focus areas may be defined via the “Focus on” toolbar above the graph, in the Output tab of the
Find Cycle Analysis feature, and once defined, can be selected within the setups for most Specialized
Analysis tools.

e Focus areas are graph level data, similar to events. Defining a focus area in one data view defines it
for all data views, etc.

e Focus areas are drawn only for graph windows in chart, stacked plot, or scope mode. They are
overlaid on top of data and events but underneath text annotations and selections.

e Focus areas may overlap.
e Each focus area is required to have a unique name.
Creating Focus Areas
To create a focus area:
1. Select an area of interest in the graph data using the I-beam tool or selection palette.

2. Create the focus area using one of the following methods:
e Click on the “Add” (+) button to the right of the “Focus on” toolbar.
e Choose “Display > Create Focus Area.”
e Right-clicking in the graph and choosing “Create Focus Area” from the contextual menu.

3. Name the focus area by typing into the label field.
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AcgKnowledge

Enter Focus Area Label

(0]4 I Cancel |

I.ﬁ.rea 51

The new focus area label will appear in the “Focus on” toolbar field.
|| Focus on: |Area 51 | +|—| |

The new focus area and label will appear in the graph.

Multiple and overlapping focus areas can be created by selecting additional data and using the “Add” (+)
button.

Navigate quickly to a focus area time selection in the horizontal axis by selecting its label from the
“Focus on” toolbar field.

Facus on: |ECG Wave 3 Ll
ECG Wave 1
ECG Wave 3

To remove a focus area, use the “minus” “Focus on” toolbar button. J

To rename a focus area, use the “ellipses” toolbar button. _|

Most Specialized Analysis tools can be limited to running analysis on a focus area by choosing the “focus
areas only” option in the setup dialog.

Analyze: ¢ entire graph

f+ focus areas only

Focus areas can be included or excluded from a printed graph by selecting or deselecting the “Print focus
areas” option in Print Setup.

Visit the online support center at www.biopac.com
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[ Draw vertical dividers at event positions

™ Print waveform data in bladk

[ Print waveform background in white

¥ Print focus areas

Focus area preferences can be modified by using Display > Preferences > Focus Areas. For further details
see pages 445 and 450.

For Find Cycle focus area options, see the Find Cycle section on page 321.

To create focus areas in analysis mode based on events or appended segments, see the Specialized

v None
Value
Delta
PP
Max
Min
Mean
Stddev
Integral
Area
Slope
Lin_reg
Median
Time
Delta T
Freq
BEPM
Samples
Delta 5
Median T
Max T
Min T
Calculate...
Carrelate
Skew
Kurtosis
Moment...
Cap_dim...
Corr_dim...
Inf_dim...
Lyapunow...
Mut_inf...
Expression...
NLM...
Ewt_count...
Evt_loc...
Evt_ampl...
Sum
Rate_mean
Rate_median
Rate_stddev

Analysis > Focus Areas section on page 373.
See the YouTube video for a detailed Focus Area demonstration.

Measurements

A convenient feature in AcgKnowledge is the popup measurement windows. A variety of
different measurements can be taken, and you can display different measurements from the
same channel and/or similar measurements from different waveforms. AcqKnowledge can
display measurements for the selected channel or for any other channel. By default,
AcgKnowledge displays measurements from the selected channel (as denoted by the “SC” in
the measurement boxes).

To select a channel for measurement, position the cursor over the part of the measurement
window that reads “SC.” Click the mouse button and choose a channel number from the pull-
down menu. The channel numbers in the pull-down menu correspond to the numbers in the
channel boxes in the upper left corner of the graph window.

To select a measurement, position the cursor on a measurement box and click the mouse
button. Choose a measurement from the pull-down menu; see page 95 for measurement
functions and the minimum samples for each (some of the values are single point
measurements while others require at least two points to be selected).

The measurements in the upper half of the menu reflect amplitude measurements, or
measurements which contain information about the vertical (amplitude) scale. Other
measurements use information taken from the horizontal axis (usually) and are found on the
section of the pull-down menu below the dividing line. Some of the measurement options
change (or are disabled) if units are selected for the horizontal scale.

Results
sc|_time |[17.28000 sec detint |[000000sec  SC|_ trey [|010157Hz  SC| . bpm  |[6.03446 BPM
ECE * 5C, Selected Channel none

Ch3.ECG walue —
Chal, Heart Rate delta

Ch41. B-R Interval pp

Ch42, B-Height mas

Pull-down channel selection min

mean
shddew
intearal

Pull-down measurement menu

In some cases, the computations involved in the measurement can produce nonsensical
results (such as dividing by zero, or calculating a BPM from a single point). In those cases,
you may get a measurement value like INF or ****, This means that the result was undefined
at this point.

Measurement menus are tinted to match the color of the corresponding waveform.
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Measurement Display

Murmber of measurement rows: I 1

Digits af precision: |5

¥ Use linear interpolation

Tirme: units:

Best Match For Walue

Freq units: IEiest Match For Yalue
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Best Match For Value
Haurs

Minutes Best Match For Yalle
Seconds Milliherkz
Milliseconds Hertz

Microseconds Kilahertz

The number of measurement rows is set in Preferences > Measurements, as well as precision of units.

Measurement Area

It is important to remember that AcqgKnowledge is always selecting either a single point or an area spanning
multiple sample points. If an area is defined and a single point measurement (such as Time) is selected, the

measurement will reflect the last selected point.

» Single-point measurements

When a single point is selected, the cursor will “blink.” The following graph shows how the I-beam is
used to select a single point for measurements.

l AcgKnowledge - ECG Sample.acg *

=1of x|
File Edit Transform Analysis Display Script MP150 Window Help Media
Ix|r.a & B ¥ =+ 4
[~z £/zrHn s n Al &0 #ocmmras s a@Es
H:l sc =l[Tme =] =| 2.6860(5C =l [peita T =] ===~ [sc =l[ePm =] =|=*[sc =] [None  [~]=|off [sC [=][Hone |+ =|§H ® st
|/connect to: [Mp150 DoosoF =]
MT Analog input
|[[segment 1 4|
\
|«
4.00
2.00
h=!
EL W
@ ==
Ti -
g 0.00
-2.00
It = » |+
3.00 3.60 4.20
seconds o’
[} v

= Selected range measurements

Drag the I-beam cursor to select an area; the selected area will be highlighted.
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File Edit Transform Analysis Display Script MP150 Window Help Media
Ix|r.a & B ¥ =+ 4
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\
|«
4.00
2.00
h=!
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= é
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S
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-2.00
I = o |+
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IMPORTANT!

The first data point is “plotted” at zero (on the left edge of the graph); the first visible data point is sample
point 2. The selected areas below demonstrate this concept.
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Measurements and Measurement Presets

Measurements are commonly used in conjunction with the cycle detector and other analysis protocols to
perform data reduction. In complex data analysis using the cycle detector, often multiple different sets of
measurements may be used to perform multiple extraction passes on the data. The measurement presets
feature allows users to create multiple predefined measurement configurations and apply them to the graph to
change between different configurations. All aspects of the measurement configuration are stored, including
measurement functions, any parameters for the measurement, source channel, and number of measurement
rows. For more details on this function, see MeasurementsToobar section on page 63.

Measurement Validation

You can validate measurements with the ValidateMeasurements.acq sample file included with the software.
Pay attention to the “Sample data file” section of the measurement definitions that begin on page 95, and
where included, note which sample points to use for validation (i.e., the first four sample points are used to
validate the Correlate measurement using the ValidateMeasurements.acq file).

Other sample files configured for specific measurement types include spreadsheets to provide external data
necessary for measurement verification. Each spreadsheet contains procedures and examples for the
associated measurement data file. These sample data files consist of Event Measurements.acq, Traditional.acq
(standard mathematical measurements included in AcgKnowledge), Expression Sum_Calculate.acq and
Correl Coef.acq (Correlation Coefficient).

Measurement Info / Parameters
Measurements containing parameters have an “i”” for
info button next to the measurement type in the measurement bar. Click the button to generate a dialog to edit

the parameters. To paste parameters, enable the Journal Preference via Display > Preferences > Journal >
Measurement paste settings > Include measurement parameters.

Visit the online support center at www.biopac.com



Part A — Getting Started 95

Measurement Interpolation

On a down-sampled channel, the cursor can fall on a point between physical samples. In such cases, in the
Line Plot mode only, some measurements will display interpolated values; the value is obtained by linear
interpolation with respect to the two adjoining samples.

To disable measurement interpolation, uncheck the “Use linear interpolation” option in the Display >
Preferences dialog.

If interpolation is disabled for Line Plot, or any time Step Plot or Dot Plot is selected, measurements
take on the value of the first physical sample immediately to the left of the cursor or edge of the
selection.

When measurements are pasted to the Journal, there is no indication of interpolated measurements.

A Calculation measurement can be an interpolated value. When a measurement uses an interpolated
value, the result box background changes from gray to light purple.

The “Delta S” and “Samples” measurements are never interpolated.

Measurements will not be interpolated if all measurements are set to “SC” (selected channel); the
cursor will snap to the left for the measurements.

Measurement tooltips will reflect measurement interpolation.

Exporting measurements

One of the most important reasons to take measurements is to save them; AcqKnowledge allows you to store
and export these measurements in different formats.

Copying measurements to the journal:

To copy measurements (exactly as they appear in the measurement windows) and paste them to the
Journal, select Edit > Journal > Paste measurement. Under the default settings, only the values
themselves are copied to the journal; you can change the settings to include the measurement name and
other options under Display > Preferences > Journal

Copying measurements to the clipboard:

To copy measurements (exactly as they appear in the measurement windows) to the clipboard and paste
them into a word processor or other application, select Edit > Clipboard > Copy measurements. Under
the default settings, only the values themselves are copied to the clipboard; you can change the settings
to include the measurement name and other options via Display > Preferences > Journal.

Measurement Definitions

The table below explains the measurement options available and the range required for each. The default
option is for time to be displayed on the horizontal axis, although it can be set to display frequency or
arbitrary units (see page 431 for details on how to change the horizontal scaling options). Unless otherwise
noted, all of the measurements described here relate to those displayed when the horizontal scale reflects time.

Measurement Area Explanation
Area Minimum area: Area computes the total area among the waveform and the straight line that is
3 samples drawn between the endpoints.
Area is expressed in terms of (amplitude units multiplied by horizontal units) and
Uses: calculated using the formula:
All points of n-1 AX.
selected area Area = Zq f (Xi )_ Y(Xi X + ‘ f (Xi+l)_ y(Xi+1X)* TI
i=1
Where:
n—number of samples;
i—index (i = 1.n-1);

X; » Xj1 - values of two neighboring points at horizontal axis ( X, — the first
point, X, —the last point);
f (Xi ), f (Xi+1) - values of two neighboring points of a curve (vertical axis);

y(xi ), y(x”l) - values of two neighboring points of a straight line (vertical axis).

At the endpoints y( X;)=f( X;) and y( X, )=f(X,).
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Measurement Area Explanation
AX
AX; = —1 horizontal sample interval,
n —_
The value of a straight line can be found by formula:
y(x;)=m+*x +b
b= (Xl)— M * X, - intercept;
AY

m = —— - slope of the straight line;
AX

AY = f (Xn )— f (Xl) - vertical distance of increase at vertical axis;

AX = X,, — X - horizontal distance of increase at horizontal axis.

Sample plot:
| | | | | | 1.00

\ Gelected Area N

N, mf\ | \\\\ \ 0.00
\\j A\ \J s

oo 040 080 120 160 200 240 2&E0

sRCNNAS
The area of the shaded portion is the result.

Note: The Area measurement is similar to the Integral measurement except that a
straight line is used (instead of zero) as the baseline for integration.

fix)
y(x)

* points of a curve (sample points) - f{x)
« points on the straight line y(x)
fi(x) « points of the middle of sample interval

m=tan z

m - the slope of the straight line

Area under any curve may be found
as the sum of areas of several
rectangles that may he found as:

If(x1)-y (x )] +[fi(x2)-y (x 2)|
- - B — " (x2-x1)
2

Results: This calculation will always return a positive result.
Units: Volts - sec.
Sample data file: “ValidateMeasurements.ACQ”

Result: 0.4533 Volts - sec.

BPM Minimum area: BPM (beats per minute) computes the time difference between the first and last
(Time domain 2 samples points and extrapolates BPM by computing the reciprocal of this difference,
only) getting the absolute value of it and multiplying by 60 (60 sec).

Uses: The formula for calculation of BPM is:
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Measurement

Area

Explanation

Endpoints of
selected area

1

BPM = *
X0 =Xy

60

Where:
X;, X, - values of the horizontal axis at the endpoints of selected area.

Note: As mentioned, this measurement provides essentially the same information
as the Delta T and Freq measurement.

Results: Only a positive value.

Units: BPM.

Calculate

Minimum area:
2 sources

Uses:

Results of
measurements
used in
calculation

Calculate can be used to perform a calculation using the other measurement
results. For example, you can divide the mean pressure by the mean flow.
When Calculate is selected, the channel selection box disappears.

median | |-0.183716 v [Ealculate] [Off I

The result box will read “Off” until a calculation is performed, and then it will
display the result of the calculation. As you change the selected area, the
calculation will update automatically.

To perform a calculation, generate the “Waveform Arithmetic” dialog via
Ctrl-Click or right mouse click the Calculate measurement type box or click the

“info” button next to the measurement type box IEaeEE= "l ®
E Source

Source 1 Dperand Source 2 ITI m
IHUWA:EDI‘Ij I",Multiplicationﬂ IK,Eonstant j Cancell K, Constart =

Row & 0 2ol 1 |

Constant= |2.DDDDD -

Waveform Arithmetic

Operand

Use the pull-down menus to select Sources and Operand.

Measurements are listed by their position in the measurement display grid (i.e.,
the top left measurement is Row A: Col 1). Only active, available channels appear
in the Source menu.

Calculation measurement Source operands are updated before a Calculation is
performed, which means that Calculations can be based on measurements that
are located after them in the measurement row/column ordering.
Calculation measurements can include other Calculation measurements as their
operands.
e If a cyclic dependency is introduced, the result reads “Error.”
e When interpolation is being used, a Calculation measurement can also be
an interpolated value.
o If either of the operands of a Calculation is interpolated, the result will be
displayed as an interpolated value (with a light purple background).
The Operand pull-down menu includes: Addition, Subtraction, Multiplication,
Division, Exponential.
The Constant entry box is activated when you select “Source: K, constant” and it
allows you to define the constant value to be used in the calculation.
To add units to the calculation result, select the Units entry box and define the
unit's abbreviation.
Click OK to see the calculation result in the calculation measurement box.

Cap_Dim

Capacity Dimension; fractal dimension estimate.

(Fractals measure the amount of self-similarity in a data set. Acqknowledge
offers three alternate estimates for fractal dimension: Cap_Dim, Corr_Dim, and
Inf_Dim. The estimates will not agree, based on the heuristic and the
parameters.)

Corr_Dim

Correlation Dimension; fractal dimension estimate. Always greater than capacity if
parameters are the same. (See fractals note at Cap_Dim.)

Correlate

Minimum area:
2 samples

Uses:
All points of

Correlate provides the Pearson product moment correlation coefficient, r, over the
selected area and reflects the extent of a linear relationship between two data

sets: X; - values of horizontal axis and f (Xi ) - values of a curve (vertical axis).
You can use Correlate to determine whether two ranges of data move together.
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Measurement Area Explanation
selected area Association Caorrelation
Large values with large values Positive correlation
Small values with large values Negative correlation
Unrelated Correlation near zero
The formula for the correlation coefficient is:
n n n
el 160)-( S o[ 3160
Correlate = - - -
n 2 n 2 n 2 n 2
o3 =3 o e Sl <[5 100)
i=1 i=1 i=1 i=1
Where:
n—number of samples;
i—index (i = 1..n);
X; — values of points at horizontal axis ( X, — the first point, X, — the last point);
f (Xi ) values of points of a curve ( vertical axis).
Results:
Returns a dimensionless index that ranges from -1.0 to 1.0 inclusive.
Units: None
Sample data file: “ValidateMeasurements.ACQ”
Result: -0.74825(for whole wave) and 0.95917 (for first four
sample points).
Delta Minimum area: Delta returns the difference between the amplitude values at the endpoints of the
2 samples selected area.
Uses: Deita = f (Xn )_ f (Xl)
Endpoints of Where:
selected area f (Xl), f (Xn )—values of a curve at the endpoints of selected area.
Results:
If the data value at the starting location is greater than the data value at the
ending location of the cursor, then a negative delta will result. Otherwise, a
positive delta will result.
Units: Volts
Sample data file: “ValidateMeasurements.ACQ”
Result: -2 Volts (for whole wave). This result shows the
absolute value of change of amplitude (2) and the minus
sign means a decrease of amplitude.
Delta S Minimum area: Delta S returns the difference in sample points between the end and beginning of
1 sample the selected area.
Results: This calculation will always return a positive result.
Uses: Units: Samples
Endpoints of
selected area
Delta T(time) Minimum area: The Delta T/F/X measurement shows the relative distance in horizontal units
Delta F 2 samples between the endpoints of the selected area. Only one of these three units will be
(frequency) displayed in the pop-up menu at a given time, as determined by the horizontal
Delta X (arbitrary | Uses: scale settings.

unit)

Endpoints of
selected area

Measurement Horizontal Axis

Delta T Time

Delta F Frequency (FFT)

Delta X Arbitrary units (Histogram Bins)

The formula for Delta T/F/X is:

Delta T — Xn - X1
Where:
X, X, - values of horizontal axis at the endpoints of selected area.
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Measurement

Area

Explanation

Results:
If the data value at the starting location is greater than the data value at the
ending location of the cursor, then a negative delta will result. Otherwise, a
positive delta will result.

For Delta T measurements with the horizontal axis format set to HH:MM:SS.

‘/ For values less than 60 seconds, you will get a value in decimal
seconds.

‘/ For values greater than 60 seconds, you will see an HH:MM:SS
format value
(See page 74 for details on how to change the horizontal scaling).
Units:
Delta T: Seconds (sec.)
Delta F: Hz

Sample data file:

Delta X: “arbitrary unit”

“ValidateMeasurements.ACQ”
Result: 0.12 sec. (for whole wave).

Evt_amp

Extracts the value of the measurement channel at the times where events are
defined. The measurement result is unitless. Specify Type, Location, and Extract;
see page 226 for detalils.
= The amplitude is always taken from the measurement channel, which may be
different from the channel on which events are defined.
Evt_amp can be useful for extracting information such as the average T wave
height within the selected interval.

Evt_count

Evaluates the number of events within the selected area. The measurement
result is unitless. Specify Type and Location; see page 227 for details.

Evt_loc

Extracts information about the times of events. The measurement result uses the
units of the horizontal axis. Specify Type, Location, and Extract; see page 227 for
details.

Expression

Generates the Expression transformation dialog (page 141) and offers Source
“MC” Measurement Channel instead of “SC” Selected Channel to build recursive
formulas, i.e. result of the expression as it was evaluated x samples ago. Data
within the selected area is not changed.

Evaluation rules:

When a new selection is made, the first step in evaluation searches through the
measurement expression for any MMT() invocations. Any measurement whose
value is needed by MMT () is computed at this time prior to the expression
evaluation. This behavior is similar to calculation channels and successfully
allows measurements to the right and bottom of the expression measurement to
be used in the expression.

The expression is subsequently evaluated from the leftmost sample in the
selection to the right most sample. It is evaluated at the waveform sampling rate
of its source channel. Interpolation is not used at the boundaries to maintain a
consistent sample interval for the expression. After each expression evaluation,
the result is cached in memory for potential negative MC result references.

The rightmost value of the final expression becomes the value of the
measurement.

Freq (time
domain only)

This does not
compute the
frequency
spectra of the
data.

To perform a
spectral
analysis, use
the FFT
function (see
page 314).

Minimum area:
2 samples

Uses:
Endpoints of
selected area

Freq computes the frequency in Hz between the endpoints of the selected area
by computing the reciprocal of the absolute value of time difference in that area.
The formula for Freq is:

1

Freq =| —
X, =]

Where:
X;, X, - values of horizontal axis at the endpoints of selected area.

The information provided by this measurement is directly related to the Delta T
and BPM measurements, and is related to a lesser extent to Delta S
measurement. That is, if the Delta T interval between two adjacent peaks is
calculated, the BPM and Freq measurement can be extrapolated.

If the sampling rate is known, the Delta S can also be derived.

In the following example, you can see Delta T, Freq and BPM measurements for
the particular area. The Delta S can also be derived.
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Measurement Area Explanation
=
@ Edit Transform Analysis Display Script MP150 Window Help Media
Untitled 1.acqg demo data.acq [0 |
[~Ze %Ztdn & E|A M| & E[Eo S| -
v |[sc = [pefa T =1=| 0.95200 sec [sC =] [BPM =1=| 63.02521 BPM
sC =||Freg =| 1.05042Hz  [sC =] [Delta s =] =[ 230 samples
il ﬂll MECGHFocuson:lnone =1+ ... ]l connect to: [m
4.00 B
I|l n 2.00
[ 21
sl \, -._J_IV..-*“A‘ 0.00 =
-2.00
BE= |
24.400 24.799 25.199 25.599
seconds A
I, L 0
Journal X
: »| U »lMSSheIIDIgZ jllzj B /f U|l= = = »
Delta T = 0.95200 sec =
BPM = (1/0.952 * 60) = 63.02521 BPM
Freq = 1/0.952 = 1.05042 Hz
Data were collected at 1000 samples per second
Delta S = 1000 * 0.952 = 239 Samples x|
H\EQ B F% 9 A,vH.Start
Selected area with measurements that describe
the same interval in different terms.
Note: It is important to note that this does not compute the frequency spectra of
the data. To perform a spectra analysis, use the FFT function (described on page
314).
Freq (or frequency) is only available in time domain windows.
Results: This calculation will always return a positive result.
Units: Hz
Sample data file: “ValidateMeasurements.ACQ”
Result: 8.33 Hz (for whole wave).
Inf_Dim Information Dimension; fractal dimension estimate. (See fractals note at
Cap_Dim.)
Integral Minimum area: Integral computes the integral value of the data samples between the endpoints
2 samples of the selected area. This is essentially a running summation of the data.
Integral is expressed in terms of (amplitude units multiplied by horizontal units)
Uses: and calculated using the following formula.
All points of -1
selected area [f (X )_|_ f (X )]* AXi
Integral = i i+1 2
i=1
Where:
n—number of samples;
i—index (i = 1.n-1);
Xi ) Xiﬂ - values of two neighboring points at horizontal axis ( X, — the first
point, X, - the last point);
f (Xi ), f (Xi+l) - values of two neighboring points of a curve (vertical axis);
AX ) )
AXi = —- horizontal sample interval;
n-1
AX = X,, — X, - horizontal distance of increase at horizontal axis.
The following plot graphically represents the Integral calculation.
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Measurement

Area

Explanation

oo

I .|
fi[Selected area

-0.83

1.51 169 187 205
The area of the shaded portion is the result.
Results: The Integral calculation can return a negative value if the selected area
of the waveform extends below zero.
Units: Volts—sec.
Sample data file: “ValidateMeasurements.ACQ”
Result: 0.300 Volts -sec.(for first 6 sample points) and —
0.155 Volts -sec.(for last 6 sample points—the wave below
zero).

Kurtosis

Kurtosis indicates the degree of peakedness in a distribution, e.g. the size of the
“tails” of the distribution. Distributions that have sharp peaks in their center have
positive kurtosis; flatter distributions have negative kurtosis. A normal distribution

has a kurtosis of 0. The following formula is used to extract kurtosis
4
n

Z(Xi - 7)

i=1
n

> (4 -

i=1

kurtosis = ;

Where from a signal (x) containing n points:

Lin_reg

Minimum area:

2 samples

Uses:
All points of
selected area

Linear regression is a better method to calculate the slope when you have noisy,
erratic data.

= For advanced modeling options, see Nonlinear modeling on page 311.
Lin_reg computes the non-standard regression coefficient, which describes the
unit change in f (x) (vertical axis values) per unit change in x (horizontal axis).
For the selected area, Lin_reg computes the linear regression of the line drawn
as a best fit for all selected data points using the following formula:

n*zn:(x*f Zn:x Zf

i=1 i=1 i=1
n * ( X;
i=
n—number of samples;
i—index (i = 1.n);

X; — values of points at horizontal axis ( X, — the first point, X, —the last point);

Lin_reg =

>

Where:

f (Xi ) values of points of a curve ( vertical axis).

Note: For a single point, Lin_reg computes the linear regression of the line drawn
between the two samples on either side of the cursor.

Results:

If the data value at the starting location is greater than the data value at the
ending location of the cursor, then a negative delta will result. Otherwise, a
positive delta will result.

Units: Volts/sec.

This value is normally expressed in unit change per second (time rather then
samples points) since high sampling rates can artificially deflate the value of the
slope. If the horizontal axis is set to display Frequency or Arbitrary units, the slope
will be expressed as unit change in corresponding vertical axis values (frequency
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Measurement Area Explanation
or arbitrary units, respectively).

Sample data file: “ValidateMeasurements.ACQ”
Result: 230.00 Volts/sec. (for 1-4 samples) and
—170.00 Volts/sec. (for samples 4-7).

Lyapunov Lyapunov exponent describes the exponential rate of divergence of a system
when perturbed from its initial conditions. For instance, if the system is started
from two slightly different locations, this indicates how different their results will be
with time. Stable experiments have exponents equal to zero. Specify an
embedding dimension and a time delay; produces a single-valued measure. This
measure is quite dependent on the amount of data used.

Max Minimum area: Max (maximum) shows the maximum amplitude value of the data samples

2 samples between the endpoints of the selected area. To compare peak heights, select
each peak—you can easily see the maximum peak values or paste the results to
Uses: the journal. Also, since you can simultaneously obtain measurements for different
All points of channels, you can easily compare maximum values for different channels.
selected area Note: For a single point, Max shows the amplitude value in this point.
Units: Volts
Max T Minimum area: Max T shows the time of the data point that represents the maximum value of the
1 sample data samples between the endpoints of the selected area.
Note: For a single point, Max T shows the time value in this point.
Uses: Units: Seconds
All points of
selected area
Mean Minimum area: Mean computes the mean amplitude value of the data samples between the
2 samples endpoints of the selected area, according to the formula:
n
Uses: Mean = L Z f(x;)
All points of n =
selected area Where:
n—number of samples;
i—index (i = 1.n);
X; — values of points at horizontal axis; ( X, — the first point, X, — the last point);
f (Xi ) values of points of a curve ( vertical axis).
Units: Volts
Sample data file: “ValidateMeasurements.ACQ”
Result: 1.538462 Volts (for whole wave).
Median Minimum area: Median shows the median value from the selected area.
2 samples Note: The median and calculation is processor-intensive and can take a long
time, so you should only select this measurement option when you are actually
Uses: ready to calculate. Until then, set the measurement to “none.”
All points of Units: Volts
selected area
Median T Minimum area: Median T shows the time of the data point that represents the median value of the
2 samples selected area.
Note: The median and calculation is processor-intensive and can take a long
Uses: time, so you should only select this measurement option when you are actually
All points of ready to calculate. Until then, set the measurement to “none.”
selected area Units: Seconds.
Min Minimum area: Min (minimum) shows the minimum amplitude value of the data samples between
2 samples the endpoints of the selected area.
Note: For a single point, Min shows the amplitude value in this point.
Uses: Units: Volts.
All points of
selected area
Min T Minimum area: Min T shows the time of the data point that represent the minimum value of the
1 sample data samples between the endpoints of the selected area.
Note: For a single point, Min T shows the time value in this point.
Uses: Units: Seconds.
All points of
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Measurement

Area

Explanation

selected area

Moment

Uses:
All points of
selected area

Central Moment is a general-purpose statistical computation that can be used to
compute central variance and other higher-order moments of the data within the
selected area. Specify the order as an integer (generally). The central moment is
computed using the following formula:

Where:

x—signal;
n—points;
m—order.

Mut_inf

Mutual Information determines how much could probabilistically be known about
an unknown signal given a known variable. Specify a time delay. Produces a
single valued result.

NLM

Nonlinear modeling (also called “arbitrary curve fitting“) determines the “best fit”

model for the selected data of the selected channel. The measurement result

corresponds to the value of one of the parameters of the best fit. NLM can be

used to extract Tau (time delay LVP constant) for assessing cardiac condition.

See page 311 for nonlinear modeling details.

= If a Model Expression uses MMT() syntax to reference a measurement and
that referenced measurement is linearly interpolated, the results of the NLM
measurement will also be displayed as being linearly interpolated.

=  When combined with the Cycle/Peak Detector (on page 321), the NLM
measurement can be useful for extracting cycle-by-cycle best fit models for
an entire waveform.

None

n/a

None does not produce a measurement value. It's useful if you are copying a
measurement to the clipboard or journal with a window size such that several
measurements are shown and you don’t want them all copied.

P-P

Minimum area:
2 samples

Uses:
All points of
selected area

P-P (peak-to-peak) shows the difference between the maximum amplitude value
and the minimum amplitude in the selected area.

Results: The result is always a positive value or zero.

Units: Volts
Sample data file: “ValidateMeasurements.ACQ”

Result: 13 Volts (for whole wave).

Rate_mean

Uses:
All points of
selected area

Extracts the mean value of the rate outputs within the selected area. Unless this
measurement is used on a rate analysis or calculation channel, this measurement
is not defined (****). The units of this measurement will match the amplitude units
of the measurement channel.

Rate_median Uses: Extracts the median value of the rate outputs within the selected area. Unless this
All points of measurement is used on a rate analysis or calculation channel, this measurement
selected area is not defined (****). The units of this measurement will match the amplitude units

of the measurement channel.

Rate_stddv Uses: Extracts the standard deviation value of the rate outputs within the selected area.
All points of Unless this measurement is used on a rate analysis or calculation channel, this
selected area measurement is not defined (****). The units of this measurement will match the

amplitude units of the measurement channel.

Samples Minimum area: Samples shows the exact sample number of the selected waveform at the cursor
1 sample position—the first data point is not displayed, but is plotted at zero.

See page 93 for examples of selected area Samples.
Uses: Note: When an area is selected, the measurement will indicate the sample
All points of number at the last position of the cursor.
selected area Units: Samples.
Skew Skew is a statistical measure of the degree of asymmetry in a distribution (away

from normal Gaussian distribution), e.qg. if the distribution is weighted evenly or
trends toward an edge.

e A normal distribution has a skew of 0.

e Addistribution with a prominent left tail has a negative skew.

e Adistribution with a prominent right tail has a positive skew
The following formula is used to extract skew:
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Measurement

Area

Explanation

skew =

Where a signal (x) contains n points:

Slope

Minimum area:
2 samples

Uses:
All points of
selected area

Slope computes the non-standard regression coefficient, which describes the unit
change in f (x) (vertical axis values) per unit change in x (horizontal axis).

For the selected area, Slope computes the slope of the straight line that intersects
the endpoints of the selected area, using the formula:

f(Xn)_ f(Xl)

X, =X

Slope =

Where:
f (Xl), f (Xn )—values of a curve at the endpoints of selected area.

X, X, - values of horizontal axis at the endpoints of selected area.

This value is normally expressed in unit change per second (time rather then
samples points) since high sampling rates can artificially deflate the value of the
slope.
Note: Lin_reg (linear regression) is a better method to calculate the slope when
you have noisy, erratic data.
For a single point, Slope computes the slope of the line drawn between the two
samples: the selected sample point and the sample point to its left.
Results:
If the data value at the starting location is greater than the data value at the
ending location of the cursor, a negative delta will result. Otherwise, a positive
delta will result.
Units: Volts/sec. (or corresponding to Freq or Arbitrary setting)
Sample data file: “ValidateMeasurements.ACQ”
Result: 233.33333 Volts/sec. (for samples 1-4)
-166.66667 Volts/sec. (for samples 4-7) and
-16. 66667 Volts/sec. (for whole wave).

Stddev

Minimum area:
2 samples

Uses:
All points of
selected area

Stddev computes the standard deviation value of the data samples between the
endpoints of the selected area. Variance estimates can be calculated by squaring
the standard deviation value.

The formula used to compute standard deviation is:

. .2
Stddev = 11*Z(f(xi)—fj
i1

n —
Where:
n—number of samples;
i—index (i = 1.n);

X; — values of points at horizontal axis ( X, — the first point, X, —the last point);

f (Xi ) values of points of a curve ( vertical axis);

— 1 n
f==—= z f (Xi ) - the mean amplitude value of the data samples between
n o

the endpoints of the selected area.

Results: The result is always a positive value or zero.

Units: Volts

Sample data file: “ValidateMeasurements.ACQ”"
Result: 3.09570 Volts (for samples 1-4),
1.000 Volts (for samples 10-12).
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(horizontal units)

1 sample

Uses:
All points of
selected area

Measurement Area Explanation
Sum Minimum area: Sum extracts a mathematical sum of the amplitudes of all of the samples within
2 samples the selected area. This straight sum can be used as a building block for more
complicated formulas. Examples of its utility include HRV measurements, various
Uses: statistical measurements, and simple criteria for clustering. Sum is available from
All points of within the measurement popup menus and from analysis scripts that allow for
selected area extraction of measurements.
Time Minimum area: See the X-axis: T measurement for explanation.
1 samples
Uses:
All points of
selected area
Value Minimum area: Value shows the exact amplitude value of the waveform at the cursor position.
1 sample For the selected area, Value indicates the value at the last position of the cursor,
corresponding to the direction the cursor was moved (the value will be the left-
Uses: most sample point if the cursor was moved from right to left).
All points of Units: Volts
selected area
X-axis:T/F/X Minimum area: The X-axis measurement is the exact value of the selected waveform at the

cursor position, based on the Horizontal Axis setting:

Measurement Horizontal Axis Setting Units
X-axis: T Time Sec.
X-axis: F Frequency Hz.
X-axis: X Arbitrary units Arb. units

For X-axis: T measurements, the time value is relative to the absolute time offset,
which is the time of the first sample point.

The X-axis: F measurement applies to frequency domain windows only (such as
FFT of frequency response plots). The Freq function for time domain windows is
described on page 99.

Note: If a range of values is selected; the measurement will indicate the horizontal
value at the last position of the cursor.

Results: This calculation will always return a positive result.
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Part B—Acquisition Functions: The Hardware Menu

Overview

The AcgKnowledge software adds acquisition and control capability to the complete MP150/MP36R Systems
and other BIOPAC data acquisition hardware, such as wireless BioHarness, Mobita, or B-Alert. The MP (or
Hardware) menu items will vary in appearance depending on the type of data acquisition hardware in
communication with the software, and the Hardware menu title will reflect the currently connected hardware
type. (It is also important to note that certain features in the MP150 and MP36R hardware menus are not
supported in all hardware types.) For the purposes of this guide, all supported data acquisition systems will be
referred to generically as being under the umbrella of the “Hardware” menu, unless otherwise noted.

This section describes the commands and procedures used to establish the various acquisition parameters for the
hardware, including how to:

e Set Up channels for data acquisitions

e Control acquisition parameters such as sampling rate and duration

e Perform online calculations and digital filters

e Set acquisitions to begin on command from a mouse click or external trigger
e Display values numerically and graphically during an acquisition

e Output waveforms and digital signals during an acquisition

e Control the on-screen waveform display characteristics

Some of the basic functions involved in setting up an acquisition were covered in Part A—Getting Started, but
this section will cover them in more detail, as well as describe some additional features. All commands
referenced here can be found under the hardware device menu.

l Data Acquisition Settings for ‘No Hardware'

{ Channels
Length/Rate
Event Marking
Seament Labels
Stimulator
Trigger

Sound Feedback

Analog | Digital |

Acquire | Plot

Save as Graph Template. .. Close
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Set Up Data Acquisition > Data Acquisition Settings

In AcgKnowledge 4.4 and higher, many key setups are accessed by selecting Hardware menu > Set Up Data
Acquisition. This option displays the Data Acquisition Settings window, comprised of the following items:

e Channels — all channel and hardware module setups — see page 109

o Length/Rate — all acquisition setup parameters for the hardware — see page 158

o Event Marking — for setting up hotkeys to insert custom events during acquisition — see page 216
e Segment Labels — for creating custom append segment labels — see page 236

o Stimulator — for configuring all stimulator options — see page 176

e Trigger — for configuring all triggering setups see page 173

e Sound Feedback — for setting up audio output of channel data — see page 236

Clicking a listed item populates the Data Acquisition Settings window with the selected item’s setup dialog. At
the bottom right of the Data Acquisition Settings window is a “Save Graph Template” button. This enables
unique settings from any selected feature to be saved into a graph template for future use.

You may also save user-defined default settings for new graphs by choosing Display > Preferences > Hardware
and choosing “User-defined default channel setup.” Following this, each selected parameter change must be
accepted by clicking “Yes” to the resulting “save default settings” dialog. Once the settings are accepted, this
dialog does not reappear unless the settings are subsequently modified.

Acquisitions
Acquisition is defined as data collection from an external source (such as electrodes connected to an amplifier).

> Before you begin an acquisition, make sure the data acquisition hardware is turned on and connected to
your computer. Please refer to the BIOPAC MP Hardware Guide for more information on connections
for your particular hardware type.

To begin collecting data and display data as it is being collected:
1. Launch the AcgKnowledge application (you can double click the AcqKnowledge icon).
2. Choose File > New and select document type “Graph Window.”

Document Type
 Graphwindow | EEEREZ RIS N NOTE: If more than one hardware type has
(" Graph-specific journal P E—— been previously added via the “Connect to”
" Independent journal MP150 0000F menu, these will also appear in the “Choose
Rt [ Type” dialog (left).For deatails on connecting
" Batch acquisition additional hardware types, see page 162.
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3. Set up the specific channels you want to acquire before starting the acquisition.
e See the Set Up Channels chapter (page 109) for details.

4. Set up the acquisition parameters (such as sampling rate, acquisition length, and data storage options.
e See the Set Up Data Acquisition chapter (page 158) for details.

Edit menu functionality during acquisition

The following Edit menu functions may move or alter memory and cannot be performed during acquisition:
Undo, Cut, Clear, Clear All, Paste, Insert Waveform, Duplicate waveform, and Remove Waveform.

Visit the online support center at www.biopac.com
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Chapter 5 Set Up Channels
Set Up Channels—The Basics

Before you collect data, you need to specify how many channels you will be collecting data on, and at what rate
data is to be collected. Both of these functions are accomplished through menu items and dialogues. To enable
collection on a given channel, select Set Up Data Acquisition > Channels from the hardware menu.

AcgKnowledge 4.1 and higher for MP150 offers two methods of analog channel setup:

Module-based setup View by Channels see page 111 for details
Analog | Digital | Calculation | Analog | Digital | Caleulation |
Add Mew Module. .. | View by Channels. .. | Manually configured channels: 1

If using AcgKnowledge with BioHarness™ or B-Alert", Analog channels can be turned
on/off but not changed.

Module-based analog channel setup

For MP150 units, AcgKnowledge 4.1 and higher offers a module-oriented analog channel

setup option. In module mode, setup prompts the user to add modules/transducers and

establish parameters, plus it detects potential channel conflicts between software

assignment and the module channel switch setting and scales the signal to the correct value

and units. Module setup is supported in MP150 hardware only.
The module setup is recommended for easier setup and automatic scaling. In module mode, setup prompts the
user to add individual modules based upon the module number. For modules with transducers, the unique
transducers are added. The user is then prompted to input the settings of all of the switches on the modules and
then perform any calibration steps, if required. Using this information, the module setup automatically sets the
scaling and initial visual range to match the physical input units from the module or transducer. Additionally,
module-based setup detects potential channel conflicts between software channel assignment and module
channel assignment (red switch position).

1. From MP150 > Setup Data Acquisition > Channels, select the analog tab and click Add New Module...

NOTE: Module setup mode is activated by default when the “Create/Record a new experiment” launch
option is selected in the Startup Wizard window. (The add module dialog shown in Step 3 is presented
first.)

Analog | Cigital | Calculation I

Add New Module. .. |
2. Click Add New Module from the bottom of the dialog.
Add Mew Module... |

3. Select a module and click Add.

What type of module should be added?

Choose Channel Switch Position

COZIDDC What is the position of the red channel switch on the top of the module?

DA100C

DYMNEM-R.

EBI100C

ECG100C and ECG100C-MRI

ECGZ-R
EDA1D0C-MRI (
EEG100C and EEG 100C-MRI Chosen channel: l
EEG2-R

EGG100C
EGG2-R LI oK I Cancel

ERAT AN e d ERAC AN RADT

Cancel | Add
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If prompted, select a transducer and click Add.

Connected to:

QK Cancel |

Input the settings of the switch on the selected module and click OK. Set
the choose channel switch to the number set on the amplifier (some
amplifiers, such as the OXY100C, have a switch on the front of the
module).
= Setup detects any potential channel conflicts between software
assignment and the module’s red channel switch position.
Establish the configuration parameters (gain and filters) and click OK. It
is important to set the Gain and Filter settings to correspond to the switch
settings on the amplifier. The software uses this information to scale the
signal to the correct units. If the Gain is not set to match, the signal will
be scaled incorrectly.

Perform calibration steps, if required. The software will automatically
scale certain signals, if they only require a zero setting. However, some
signals require a two-point calibration. In this case, the software will
generate additional prompts for the scale values.

The following examples show the dialogs for setting up a force
transducer.
a. The software prompts the user for pretension amount; enter “0” if
pretension is not required.

AcqKnowledge

T5D125C Pretension:

E| grams

I OK l ’ Caniel ]
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EGG100C Configuration

Gain:

LiP:

HP:

HP:

O B T |

W0

500
1000
2000

5000

0.1Hz

1Hz

0.05Hz

DC

0.005Hz

DC

o]

Cancel

b. Enter a low calibration value or “0” if calibrating between zero and a second weight, when OK is

clicked, the software will take a voltage reading.

AcgKnowledze

Remawve any pretensian from the TSD125C. Hang the first calibration weight and click "Calibrate":

o] qrams
Calibrate Cancel

c. Enter a high calibration value and click OK for the software will take a voltage reading.

AcqKnowledge

Remawve any pretension Fram the TSD125C, Hang the second calibration weight and click "Calibrate":

10 arams

I Calibrate H Cancel ]

Note

When recording is started, the data may show an offset. This offset is the amount that was

entered in the pretension dialog. Adjust the tension applied to the transducer to center the signal

on zero.

Using this information, the module setup automatically sets the scaling and initial visual range to match

the physical input units from the module or transducer.

Visit the online support center at www.biopac.com
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View by Channels

Channel Type
To specify the channel type—Analog, Digital, or Calculation—click its tab at the top of the dialog.

l Data Acquisition Settings for 'No Hardware" ;Iglﬁl

Analog | Digital | Calculation |

Lengithahe
Event Marking

Segment Labels Setup... |

Stimulator

;—gﬂaszeedbadc Aﬂquirel Plot I Value | Channel I Label I Channel Sampling Rate I
I i i |1 |ECs 2,000 ktz |

For each channel, there are three options for channel setup: Acquire, Plot, and Value. These options appear as
boxes on the left side of the Input Channels dialog.

Acquire

This option dictates whether data wil be collected on that channel. The default setup is not set to acquire any
channels. To collect data, position the cursor over the Acquire box (on the far left) and click the left mouse
button.

To leave hardware connected to the data acquisition unit, but have the software essentially “ignore” the channel,
leave the Acquire box unchecked. For example, if an input device (such as an ECG100C amplifier) is set to
Channel 7, data from that channel will not be collected unless the Acquire box is checked.

Plot

The second option is for plotting data. The Plot option determines whether or not data will be plotted on the
screen for each channel. Checking this option instructs the software to plot data on your computer’s screen.

When this box is left unchecked, data will still be collected (assuming the Acquire box is checked) but will not
be displayed during the acquisition.

In most cases, checking this option is recommended. However, in large-scale acquisitions (i.e., many channels
and/or high sampling rates) unchecking this option for some channels allows for faster display rates or to
increase the display area for important channels (see Appendix B—Hints for working with large files).
Alternatively, use a separate data view and enable channels for as desired for optimum viewing.

The Plot state is applied only on initial acquisition into a graph or template. If data has been previously
acquired, use the channel buttons in the graph window to change channel visibility, OR use the Display > Set
Channel Visibility option to select/deselect the channels to be shown in the graph.

Values

The third option enables incoming data values to be displayed either numerically and/or in a “bar chart” format
in a separate window during an acquisition. Checking this option enables a bar graph (by selecting Show Input

Values... under the Hardware menu) that displays the numeric value for channels with this option checked. This
is especially useful for tracking slowly changing values such as heart rate, respiration rate, or concentrations of

chemicals in a substance. For more information on how input values are displayed, please turn to page 230.

Channel

Click in the channel number box (i.e. Al) to make that channel active (“selected”) so its settings can be
established or edited.

Label

Editable labels can be attached to each channel. To change the label for any channel, position the cursor in the
area to the right of the channel numbers (Al through A16) under the label heading and enter a text label. Up to
38 characters are supported and these labels will appear next to the channel label boxes in the graph window.
To edit the label after setup, use the Set Up Channel dialog at any time, or right-click the active channel label in
the graph window to generate the Assign Channel Label dialog.

AcgKnowledge 4 Software Guide
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Calculation Channel Presets

When a new Calculation channel is enabled for the first time, a setup dialog is presented to assist in setting the
correct preset type, source channel and preset parameters.

To set an initial calculation channel preset:
1. Click the Calculation tab.
2. Enable the desired Calculation channel by checking the “Acquire, Plot and Value” checkboxes.

3. The following setup dialog will appear. Select the desired Calculation preset and analog source
channel, and click OK.

4. After clicking OK, the setup dialog for the selected preset will appear. Set the desired
parameters and click OK. (For detailed information about setting Calculation channel
parameters, see Chapter 6 on page 126.)

Calculation Presets are like “templates” for calculation channels. Each Preset stores:
a) Calculation channel type
b) Parameters for that calculation
c¢) Channel name.

Calculation Presets establish settings to target application-specific analysis. Presets exist for a broad range of
analysis functions, including Fourier Linear Combiners and Adaptive Filtering. Start with existing presets for a
specific species or protocol—for example, human vs. small animal, or stationary vs. exercising measurements.

The Channel Setup dialog contains a “Preset” pop-up menu by each channel that lists the current Preset or, if no
Preset has been selected for that channel, the Calculation type (Integrate, Difference, etc.). When you select a
Preset for a particular channel, the channel is configured with the settings associated with that Preset.

The Setup dialog has a “Presets” pop-up menu that contains all of the Presets for the Calculation type being
configured. For instance, if a Difference Calculation channel is being configured, all Presets for the Difference
Calculation will be listed. Just click the Presets head and scroll to select the desired preset.

Preset Preset Preset Preset | Preset
|Integ|ate |FLC |EMG Integrated |EMG Root Mean Square ILung Volume
WFLC CWFLC | Largs Animal Systolic BP
Smoathing WFLC CWFLC Adaptive Fitter i Large Animal Diastolic BF
Difference CWFLC Adaptive Filter Comb Band Stop Filter ! Large Animal Mean BP
Rate Adaptive Fitter Comb Band Stop Fitter Metachannel Large Animal Heart Rate
Math Comb Band Stop Fitter Metachannel Rescale 1 Pulse Rate
Function Metachannel Rescale dp/dt | Respiration Rate
Fitter Rescale dp/dt dp/dt Max. Small Animal Systolic BP
Expression dp/dt dp/dt Max. dp/dt Min. | Small Animal Diastolic BF
Delay dp./dt Max. dp/dt Min. EMG Integrated 1 Small Animal Mean BP
Control dp./dt Min. EMG Integrated EMG Hoot Mean Square | Small Animal Heart Rate

Calculation Presets
When you select a Preset, the Setup dialog is updated with the corresponding information.

= The Setup dialog reads “none” if the channel configuration doesn’t match any Preset. The menu will
flip to “none” when the settings for a channel are changed such that they no longer match a Preset.

Visit the online support center at www.biopac.com
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Create a new Preset from existing Calculation channels. Click “Setup” to display the Calculation Setup
dialog and click the “New Preset” button. The settings will be applied to the current channel, and a
prompt will appear to enter a name for the new Preset. Preset names cannot be duplicated, nor can the
default name of a Calculation channel type be used (Integrate, Difference, etc.). The new Preset will be
included in the pop-up menus and saved with the file.

To reorder channel Presets (by type, use, etc.), choose Hardware > Organize Channel Presets and then
use the up/down buttons as appropriate (see page 243).

Presets are not applicable to and therefore not selectable on Analog or Digital channels.

Channel Sampling Rate

The Variable Sampling Rate feature allows different channels of data to be down-sampled from the acquisition
sampling rate; calculation channel must use sampling rate less than or equal to the source channel. Choosing
lower sampling rates for signals where meaningful data falls below the Nyquist frequency of the acquisition
sampling rate allows more data to be stored in memory or on disk.

Offline operations that involve multiple channels must use the same sampling rate for all Source and
Destination channels. These operations include waveform editing, Waveform math, Expression
calculations and Template functions; notable exceptions are “Off-line Averaging” under Find Cycle/Peak
and “Reset via a Control Channel” under Integrate.

When wave data is copied to the clipboard or journal, data values will be inserted at the highest sampling
rate.

There is no restriction on the acquisition length when using Variable Sampling Rates.

When Variable Sampling Rates are used in conjunction with the Append mode, and the mode is started
and stopped manually, it is statistically possible that, prior to the next pass of the Append, extra data
points may be inserted in various data channels to “line up” the data (see sample on page 113). These
extra data points simply replicate the last sample in any affected channel.

To minimize the impact of the extra data points:
a) Make sure the lowest sampling rate is on the order of 10 Hz or higher, or
b) Don’t use Variable Sampling Rates.

§|C:'IPROGRAM FILESBIOPAC SYSTEMS INCACQKNOWIL EDGE 3.7.2'SELECTED A... [Mi[=] B3
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Set Up Channels—Advanced

The previous section covered the basic options used in almost all acquisitions. In addition to the features
described above, a number of other options are available in terms of setting up channels. These advanced
features are also found under the Set Up Data Acquisition > Channels menu item.

Most acquisitions involve collecting analog signals and then displaying them on screen. It is frequently useful,
however, to collect other types of data (digital data, for instance) or to perform transformations on analog data
as it is being acquired. Channels containing digital signals and transformed analog signals can be collected in
addition to the 16 analog channels.

In the upper left corner of the Channels dialog, there are three tabs titled Analog, Digital, and Calculation.
These refer to the three respective channel types available in AcqKnowledge. The general features (acquiring,
plotting, and the like) are the same for each type of channel, although there are considerable differences
between the type of data each channel is designed to handle. Up to 16 channels each of analog, digital, and
Calculation channels are supported in MP150 hardware, and 4 channels of analog, 8 channels of digital and 16
Calculation channels are supported in MP36R hardware. Analog and digital channels may be acquired in any
combination, and the only requirement for Calculation channels is that you have at least one input channel
(either analog or digital).

Analog channels

Analog channels are the most common type of acquired channel and should be used to acquire any data with
“continuous” values. Examples of this include nearly all physiological applications where input devices
(transducers and electrodes) produce a continuous stream of varying data. The range of values for analog
channels is +10 Volts.

AcgKnowledge supports the rescaling of Analog channel signals to more meaningful numbers. As an example,
imagine a temperature transducer is connected to an SKT100C amplifier with a gain setting of 5°/Volt, and
output set to channel 1. Ordinarily, the values from the amplifier would be read in as Volts or milliVolts. For
this acquisition, the signal from the transducer would need to be expressed in terms of degrees Fahrenheit. To
calibrate the transducer, bring it to two known temperatures. At the first temperature, take a voltage reading by
selecting “Show Input Values” from the Hardware menu. (See page 230 for a description of the Show Input
Values options). At 90° F, a reading of 0 Volts will be displayed. The transducer is then brought to a
temperature of 95° F, resulting in a reading of +1 Volts.

To scale the incoming signal to degrees F, click the Setup... button in the Input Channels dialog.

Scaling analog channel

Channel A1 scaling:

—Channel A1 scaling:

Input volts Map value

call ||1 EE

cal2 | jo EN
Units label: Idegrees F

—Option

[~ calibrate ALL channels at the same time

v Use mean value Settings ... |
oK I Cancel |

Scaling dialog set to rescale Volts to degrees Fahrenheit and Use Mean Value Settings dialog

The Input Volts and Map (Scale) Value boxes reflect the value of the incoming signal and how it will be plotted
on the screen, respectively. Thus, an incoming signal of +1 Volts would be plotted as 95° F, whereas a signal of
0 Volts would be plotted as 90° F. AcqKnowledge will perform linear extrapolation for signal levels falling
outside this range (i.e., -2 Volts will be scaled to 80 ° F), as well as perform similar interpolation for values
between this range. Enter these numbers in the scaling dialog, type in “degrees F” for Units, and click OK.

Visit the online support center at www.biopac.com
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As a shortcut for scaling channels, use the Cal 1 and Cal 2 buttons. Click either of these buttons to read in the
current voltage for the selected channel. In the above example, the transducer could simply be set to a known
temperature, then Cal 1 could be clicked, and then the temperature could be entered in the Map (Scale) value
box for Cal 1.

Next, the transducer could be brought to another known temperature that is considerably higher or lower than
the first. Click Cal 2 and the new known temperature could then be entered in the Map (Scale) value box for Cal
2. AcgKnowledge calculates the slope and offset from the two points entered. Each data sample from channel 1
will now be scaled according to the slope and offset calculations previously made. When an acquisition is
performed, the amplitude scale (vertical axis) will reflect the rescaled units.

It is important to note that Cal 1 and Cal 2 cannot be used when data is being acquired. In other
words, a channel must be calibrated before it can be acquired. To set the calibration for a given
channel, connect the input device to the data acquisition unit, power up the Hardware, and then
perform your calibration before starting data acquisition.

The Calibrate all channels at the same time option is used when identical types of transducers or signals are
being simultaneously recorded on two or more channels.

If this option is selected, when Cal 1 or Cal 2 is pressed:
e Map (Scale) Value will be updated for all active channels
e Input Volts need to be updated for each channel individually.

The Use mean value option is useful if the input voltage signal is noisy around a mean value. The “Input Volts”
value returned will be the mean value over the specified number of readings. When this option is selected, a
Settings... button is activated and generates an “Analog Channel Calibration” prompt for the number of
readings.

The data is read the number of times indicated in the prompt and then the readings are averaged. The rate of
obtaining these readings is indeterminate because the rate depends on the actual hardware unit as well as the
communication type.

Increased Channel Count Support (AcgKnowledge 4.3 and above)

Previous versions of AcgKnowledge software supported a total maximum of 60 analog, digital and calculation
channels per graph. In AcgKnowledge 4.3, channel count capability was extended to a theoretical maximum of
15,000 channels. While it is not generally feasible or useful to work with this many channels, it is now possible
to store and combine data derived from multiple hardware units, and perform complex specialized analysis with
data output to channels in the existing graph. (For example, advanced ICG analysis can potentially add up to 20
additional channels to the existing total.)

When a large number of channels are present, the channel buttons appear in rows of 20 and will extend the
height of the channel toolbar to accommodate any increase in channel count.

Clicking into the right pane of the channel toolbar opens a contextual menu listing all channel numbers and
channel labels.

AcgKnowledge 4 Software Guide



116 AcgKnowledge 4 Software Guide

Analog channels MP36R

The MP36R analog channels may also be configured for gain and other parameters, but additionally allows the
channel gain to be configured directly with a variety of input ranges. Gain settings are accessible via a pop-up
menu in the Channel setup dialog. (MP36R > Set Up Data Acquisition > Channels > Setup) The Gain setting
specifies the extent to which an incoming signal is amplified. The Gain is automatically set when a data type is
selected from the available Presets. The preset Gain settings are only educated guesses and should be used as
initial starting values. You may need to adjust the gain settings depending on how the amplified signal appears
once sample data is collected.

Offset

To correct the offset of an incoming analog signal, you can add or subtract a constant to the signal prior to
amplification. Offset can occur if a transducer or electrode has inherent offset. By default, Offset is set to zero,
and the allowable entry range will vary depending on the Gain and Scaling values.

To make inputting voltages easier, the analog channel scaling dialog for the MP36R displays the input voltages
in units that adapt to the gain setting. (x200 is the default)

The scaling units will adjust dependent upon the gain setting as follows:

e If the gain is set to < x1000, the Scaling input units will display as millivolts (mV).
o If the gain is set to > x1000, the Scaling input units will display as microvolts (uV).

Channel gain set to < x1000 displays mV input units | Channel gain set to > x1000 displays pV input units

Visit the online support center at www.biopac.com
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Adjustable, user defined, digital IIR filters for MP36R

The MP36R Unit allows up to three user-configurable, sequential, biquadratic (second order) Infinite Impulse
Response (1IR) filters per MP unit channel. These filters are typically configured by choosing a Preset but can
be changed manually via the Input Channel Parameters dialog (MP36R > Set Up Data Acquisiton > Channels >
Setup button). Each of these three filters can be uniquely set up as a low pass, band pass, high pass or notch
(band reject) filter.

In the “Digital Filters” section, select Filter 1, 2, and/or 3 and then adjust the Type, Freq, and Q.

Channel Mumber: CH1

Channel Label: IAnang input

Preset: |none :l
Digital Filters
Type | Frequency | Q
~ Mone
_‘\- Low Pass
-"_ High Pass
S Band Pass
Gain: |x "W Band Stop Volts
F Band Stop - Line Freq
High PassFIEr e oo oer— T ooy (" 0.5 5 |

NewChanneIPresetl Advanoed...l Scaling ... | 0K I Cancel |

The default setting is no filters applied.
High Pass Filters MP36R

These filters are implemented using resistors and capacitors in the front end circuitry of the MP36R unit. They
are set via the “High Pass” section of the Input Channel Parameters dialog (MP36R > Set Up Data Acquisition
> Channels > Setup”).

Input Channel Parameters

Channel Number: CH1

Channel Label: I,qnalog input

Preset: Inone j
Digital Filters
Type I Frequency | Q
1§~ Mone Ll
2|~ None =]
3|~ None ;I
Gain: [x200 x| Offeet: [0 Volts
IHigh Pass Filter (Hz): @ Off(DC) ¢ 0.05 0.5 5 |

NewChanneIPresetl Advanced...l Scaling ... | oK I Cancel |

High Pass Filter Appropriate use
0.05 Hz HP ECG
Respiration data
0.5 Hz HP ECG when there is a lot of motion artifact causing a shifting baseline
EEG

Pulse plethysmograph

Most other types of AC Coupled data
5Hz HP EMG

Heart Sounds
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Additional controls in MP36R Input Channel Parameters

Button Explanation
New Channel Preset Allows a custom Preset to be saved under a unique name
Advanced

Opens Advanced dialog. The Advanced dialog may be used to specify additional settings,

requirements, and dependencies for the preset. See below for complete explanation of all
Advanced options.

Scaling

Use to configure the value of the incoming signal and how it will be plotted on the screen

MP36R Advanced Preset Settings
Click the Advanced button to open a dialog containing the following optional preset configuration options.

Acquisition Tab Explanation
Require minimum sampling rate When enabled, specifies that a minimum sampling rate must be selected
in order for acquisition to continue.

Advanced Preset Settings

Acquisition  Transducer I Range + Grids | Calibration |

- W Verify connected transducer:

Title: |ss204|

s S5I0;

{~ ISID Device name: I

™ | Fallback on 5510 if 1510 chedk fails

f1

Transducer Tab

Explanation

Verify connected

When enabled, the software will check for a specific transducer according to the settings in this

transducer group box prior to the start of each appended segment
Title Editable text field used to identify transducer name.
SSID

If checked, indicates which SmartSensor resistor ID should be validated for this channel prior to
each acquisition. The ID must be an integer between 1 and 23. See SSID table on page 121.

ISID Device Name

If checked, indicates that the internal transducer description should be validated for this channel
prior to each acquisition.

Fallback on SSID if
ISID check fails

If the ISID device name check is unsuccessful for a connected transducer, fall back and check
the SmartSensor resistor ID. See SSID table on page 121

Visit the online support center at www.biopac.com
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Acquisition | Transducer Range + Grids Calibration |

- ¥ aApply initial visual range:

Top: f 10 Volts

Bottom: f-10 Volts

- ¥ Apply locked vertical grid:

First grid line: I ] Violtz

Grid spacing: I 5 Violts f div

- ¥ Apply locked horizontal grid:

First grid line: | 0 seconds

Grid spacing: | 2 seconds f div

- W Apply grid appearance:

Major line color: _ Minar line color: I:I

¥ Show minor grid Mum minor divisions: I 5

Vertical precision: IZ vl

Range + Grids Tab Explanation
Apply initial visual range | The initial vertical axis range of plotted data will be set as indicated at acquisition start of the first
data segment.
Top Indicates the maximum vertical visual range in destination channel units.
Bottom Indicates the minimum vertical visual range in destination channel units.
Apply locked vertical Locked vertical grid settings are applied for the channel. For more details on grid setups, see
grid Grid Details on page 78.
First grid line Provides the fixed location of the origin of the vertical grid.
Grid spacing Sets the spacing interval between major vertical grid divisions.

Apply locked horizontal | A channel-specific independent horizontal grid will be applied when the channel is added to a
grid graph.

First grid line Sets the origin location of the horizontal grids.

Grid spacing Sets spacing between major horizontal grid lines based on the time domain.
Apply grid appearance Enables options for setting grid color/appearance of major and minor grid lines.
Major line color Allows customization of major grid line color.

Minor line color Allows customization of minor grid line color.

Show minor grid Shows/hides minor gridlines

Vertical precision Indicates humber of digits displayed on vertical axis.

Num minor divisions Sets the number of minor grid divisions for the channel.
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Advanced Preset Settings

Acquisition | Transducer | Range + Grids Calibration |

- ¥ Use calibration:
¥ Reguire calibration prior to acquiring data
Calibration type: W
Prompt: Double point I
Calibration Tab Explanation
Use Calibration Additional calibration procedures will be applied to adjust the channel scaling based on

values read from a physical transducer.

Require calibration prior to | When checked, calibration will always be required for this channel prior to acquiring the first
acquiring data segment of data.

Calibration Type Specifies calibration option to be performed on the channel. Two types are available:

e Single point — records a single input voltage and adds it to the Input Volts value of
both Call and Cal2

e Double point — records two independent voltages in a sequence of two dialog
steps and records the first in the input volts for Call and the second for the input
volts in Cal2

Prompt One prompt for “Single point” calibration. Two prompts for “Double point” calibration.

Field(s) for inputting dialog text to be displayed to the user for acquiring the single voltage
input to apply to the scaling input voltage values.

Visit the online support center at www.biopac.com
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MP36R Transducer SSID Table

Device Part # Description SSID ISID Name
BSLCBL3A, BSLCBL4B Recording cable 1

BSLCBL5 3.5mm phone plug adapter 6

BSLCBLS, BSLCBL9 High-impedance recording cable 1

BSLCBL14A 3.5mm phone plug adapter to MP35 Input. 6

BSLSTMB/A 10 V setting 18

BSLSTMB/A 100 V setting 19

BSL-TCI13 Piezo interface cable 1

BSL-TCI21 pH probe interface 12

SSI1L, SS2L, SS2LA Electrode lead set 1

SS2LB Electrode lead set N/A SS2LB
SS3LA EDA (GSR) finger electrodes 2

SS4LA Pulse Plethysmograph finger transducer 3

SS5L, SS5LA, SS5LB Respiration Belt (for Chest) 4

SS6L, SS7L, SS8L Temperature transducer 5

SS9L, SS9LA BNC Adapter 6

SS10L Pushbutton switch 7

SS11LA Airflow transducer 8

SS12LA Variable range force transducer 9

SS13L Blood Pressure (Arterial) 10

SS14L Displacement transducer 11

SS17L Piezo microphone 14

SS19L Blood Pressure cuff (with Gauge) 10

SS19LA Blood Pressure cuff N/A SS19LA
SS19LB Blood Pressure Cuff N/A SS19LB
SS20L, SS21L, SS22L, Goniometer 16

SS23L, SS24L

SS25L, SS25LA Hand Dynamometer 9

SS25LB Hand Dynamometer N/A SS25LB
SS26L, SS26LB, SS27L | Accelerometer 17

SS28L Heel Toe Strike assembly 9

SS29L Multilead ECG cable 1

SS30L Stethoscope, electronic 14

SS31L Non-Invasive Cardiac Output Module 15

SS32L Dissolved Oxygen probe 20

SS33L GAS — O, (Used on GAS-System2) 21

SS34L GAS — CO; (Used on GAS-System?2) 22

SS35L Flow transducer 18

SS36L Reflex Hammer 9

SS39LA MP3X Circuit Probe and Power Cable for Breadboard | 6

SS40L, SS41L, SS42L Diff. Pressure transducer 10

SS43L Phychological response indicator 11

SS56L Clench Force (Bulb) transducer N/A SS56L
SS57L EDA (GSR) with electrode pinch leads 2

SS57LA EDA (GSR) N/A SS57LA
SS59L Superlab Interface cable for MP35 6

SS61L Finger Twitch transducer 16

SS62L Microphone 14

SS63L, SS64L, SS65L, Fixed Range Force Transducer 9

SS66L

SS67L Pneumogram transducer 10

SS68L Ph Probe 12

SS70L BNC Adapter (for MP35), Isolated version 6
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Digital Channels

In contrast to analog channels, digital channels are designed to collect data from a signal source with only two
values (0 and 1). This type of data can be useful in recording whether a switch is open or closed, and
ascertaining if a device is on or off. Input values for digital channels have two values, +5 Volts and 0 Volts. The
hardware interprets +5 Volts as a digital 1 and interprets 0 Volts as a digital 0. Since digital channels have a
fixed value, the scaling option is disabled for these channels. The main function of digital channels is to track
on/off devices such as push-button switches and/or to receive digital signals output by timing devices.
Similarly, these channels are also used to log signals from devices that output auditory/visual stimulus for
examination of stimulus response patterns.

------- +5 volts
(binary "1")

0 volts

* * (binary "0")

Positive edge Negative edge
Calculation Channels

Compared to either analog or digital channels, Calculation channels do not collect external data, but transform
incoming data in some way. These channels do not alter the original data, but create new channels (with
channel numbers starting at CH40) that contain the modified data.

Calculation channels can be used to compute a host of new variables by using transformations (including BPM,
integration calculations, and math functions). The channels are Set Up in much the same way (using
Acquire/Plot/Values boxes) as analog or digital channels, with the exception of the pull-down menu next to the
Calc button and the Setup dialog.

To enable a Calculation channel or channels, check the Acquire box for each channel to be added (the Plot and
Value boxes are optional). When a new Calculation channel is enabled, a dialog will appear enabling the
selection of the desired Preset type and Source channel. To change the Preset and Source channel types from the

defaults of Integrate and A1, click the ™I button to the right of the Preset and Source channel fields and choose
the desired option.

What settings should be used for the new calculation channel?

Preset: |

Source channek I.-'-\ 1, Analog input j

¥ Elot

[ show input values

QK I Cancel |

After clicking OK in the above dialog, an additional Setup dialog for the selected preset is presented. See
Chapter 6 for a detailed explanation of the various Calculation channel setup options.

Once the Calculation channel parameters are set, the options referenced above can be subsequently modified by
using the Setup button in the Channels dialog. (Highlight the desired channel in the list and click “Setup.”)

Calculation I
I Value Ichannell Label | Preset | Channel Sampli
T fco |C0 - Integrate |integrate I~ ||2.000 kHz

Visit the online support center at www.biopac.com
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Up to 16 Calculation channels can be acquired, and you may use the output of one Calculation channel as the
input for another channel, as long as the output channel has a higher channel number than the input channel. In
other words, it’s possible for Calculation channel 3 to include the result of Calculation channel 1, but not the
other way around. This allows for complex Calculations to be performed that involve two or more Calculation
channels such as filtering ECG data then computing BPM.

FANERY
{ NN

TIP: All of the operations (except Control and Metachannel) that can be
performed online can also be performed after an acquisition has been
completed. These options are available under the Transform and
Analysis menus.

NN N
NN AR S

Metachannel

Calculation metachannels provide a method for
expanding the 16 available calculation channels = sudemesforco  [co-metachamel

to allow for more complex online analysis. The | Primary souce chamel: Ja1, cs =
metachannel calculation channel type combines | Frest fnone =l
multiple steps into a single calculation channel =
so that a chained computation can be Encble | Output | _Subchormel Lobel Proset =
f d . . I I I t. F v co.0 Subchannel 0 Integrate hd
per orme USIng a Slng € calculation r e Cc01 Subchannel 1 Integrste =l
metachan nel . - « co.2 Subchannel 2 Intearate =
- - [ad C0 ubchannel Eqrate ¥
e AcgKnowledge can display the results ¢ Sl — =
of up to 16 metachannels, allowing for rc s Subchannel izaizie =
H H r & Co Subchannel & Irtegrate =
a total of 256 intermediate subchannel B & I — =
StepS r s Co Subcharnel 8 Integrate =
r [l co Subchannel § Jritegrate =
- [ C0.10 Subchannel 10 rtegrate =
r [ co.m Subchannel 11 rtegrate =
r ol C0.12 Subchannel 12 ntearate =
r (ol C0.13 Subchannel 13 ntearate =
r i C0.14 Subchannel 14 rtearste = o
- [ C0.15 Subchannel 15 |rtegrate =
New Metachannel Preset... | Cancel |

One metachannel can contain up to 16 subchannels, each of which can be individually configured. Subchannels
can perform any of the functions of top-level calculation channels.

Each metachannel has one user-defined output channel. The output subchannel is the only waveform data that
will be recorded in the graph for that metachannel. All other subchannels associated with that metachannel are
temporary; they do not display in the graph and require no extra space in the graph file to compute.

Metachannels alleviate the need to use top-level calculation channels for computing intermediate steps where
only the final computation is desired. Metachannels also can be used as the basis of presets, allowing multi-step
analyses to be applied with a single preset.

Computation takes place at the lowest waveform sampling rate of all of the referenced source channels, and all
subchannels are computed at this rate.

Metachannels labels display in the graph as C#.#

To have AcgKnowledge perform a Metachannel calculation:
1. Choose Hardware > Set Up Data Acquisition > Channels.
2. Click the Calculation tab.

3. Check an Acquire box for the Calculation channel you want to contain the filtered data. You may also
check the Plot and Values boxes as appropriate for each channel.

4. Click the Preset pull-down menu and select Metachannel.
5. Click the Setup button in the Input Channels dialog to generate the Metachannel dialog.
Primary Source

The primary source for a metachannel can be set to any analog or digital enabled channel, or an enabled
calculation channel with a lower number.
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Set Up Subchannel

Click this button to display the calculation setup dialog for the
selected subchannel and then set the calculation parameters
and the source channel.

Source channel: Each subchannel can be set to use the primary source channel as its data source or another
channel (analog, digital, or lower-index calculation channel). When the primary source channel for the
metachannel is changed, the source channel of each subchannel will implicitly be changed.

Limitations on Subchannels

Subchannels are allowed to take on any of the main calculation channel types. All calculation types are
available, with some restrictions.

e Output of reset events is not supported for Integrate and Rate subchannels.

e For Expression subchannels, the expression language will be enhanced to allow for "PSC" to be
typed into the expression to refer to the data of the primary source channel.

e Unlike regular calculation channels, the actual data for subchannels is not retained in memory.
Subchannels are only used as temporary data and the results discarded after the value of the
output subchannel has been computed.

Visit the online support center at www.biopac.com



Part B — Acquisition Functions

AcgKnowledge QUICK STARTS

125

Quick Start templates (.gtl graph template files) are installed to the Sample Data folder. Use Quick Start files to
establish the settings required for a particular application or as a good starting point for customized applications.

See Open As Graph Template on page 249 for details.

Q# Application(s) Feature
1 EEG Real-time EEG Filtering
Sleep Studies Real-time EEG Filtering
2 EEG Evoked Responses
3 EEG Event-related Potentials
Evoked Response Event-related Potentials
4 Evoked Response Nerve Conduction Studies
5 Evoked Response Auditory Evoked response & Jewett Sequence
6 Evoked Response Visual Evoked Response
7 Evoked Response Somatosensory Evoked Response
9 Evoked Response Extra-cellular Spike Recording
10 Psychophysiology Autonomic Nervous System Studies
12 Psychophysiology Sexual Arousal Studies
13 EBI Cardiac Output
Cardiovasc. Hemodynamics Noninvasive Cardiac Output Measurement
Exercise Physiology Noninvasive Cardiac Output
15 EOG Nystagmus Investigation
16 EOG Saccadic Eye Movements
17 Plethsymography Indirect Blood Pressure Recordings
18A Plethsymography Arousal - Female
18B Plethsymography Arousal - Male
19 Sleep Studies Multiple-channel Sleep Recording
20 Sleep Studies Online ECG Analysis
ECG Online ECG Analysis
Cardiovasc. Hemodynamics ECG Analysis
21 Sleep Studies SpO, Analysis
22 ECG Einthoven’s Triangle & 6-lead ECG
23 ECG 12-lead ECG Recordings
24 ECG Heart Sounds
25 Cardiovasc. Hemodynamics Online Analysis
26 Cardiovasc. Hemodynamics Blood Pressure
27 Cardiovasc. Hemodynamics Blood Flow
28 Cardiovasc. Hemodynamics LVP
31 NIBP Psychophysiology
32 In vitro Pharmacology Tissue Bath Monitoring
33 In vitro Pharmacology Pulsatile Tissue Studies
34 In vitro Pharmacology Langendorff & Working Heart Preparations
35 In vitro Pharmacology Isolated Lung Studies
Pulmonary Function Animal Studies
38 Pulmonary Function Lung Volume Measurement
39 Exercise Physiology Respiratory Exchange Ratio
40 EMG Integrated (RMS) EMG
41 EMG EMG and Force
42 Biomechanics Gait Analysis
43 Remote Monitoring Biomechanics Measurements
44 Biomechanics Range of Motion
45 Vibromyography Muscle Activity
46 Pressure VVolume Loop Blood Pressure & Flow
47 Heart Rate Alarm Monitor heart rate with audible alarm
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v Integrate
Smoothing
Difference
Rate
Math
Function
Filter - IIR
Expression
Delay
Control
ALC
WFLC
CWFLC
Adaptive Filter
Comb Band Stop Filter
Metachannel
Rescale
Run Macro
Slew Rate Limiter
Filter - FIR.

Sine Wave

Small Animal dp/dt Minimum
Small Animal dp/dt Maximum
Small Animal Systolic BP
Small Animal Diastolic BP
Small Animal Mean BP

Small Animal Heart Rate
Square Wave

Ramp Plateau Ramp
Vibromyography

Bladkman-Windowed Tone
dp/dt @ 200 samples/sec.
dp/dt @ 500 samples/sec.
dp/dt @ 1000 samples/sec.
ECG R Interval

ECG R Wave Amplitude
EEG Alpha (8 - 13 Hz)

EEG Beta (13 - 30 Hz)

EEG Theta (4 - 8 Hz)

EEG Delta {0.5 - 4Hz)

EEG Gamma {30 - 90 Hz)
EGG (.02 - .125Hz)

EMG Integrated

EMG Root Mean Square
Heart Rate (from ECG)
Large Animal dp/dt Minimum
Large Animal dp/dt Maximum
Large Animal Systolic BP
Large Animal Digstolic BP
Large Animal Mean BP
Large Animal Heart Rate
Lung Yolume

Pulse Rate

Random Pulses

Respiration Rate

Segment Timer

Electrocardiogram (ECG), .5 - 35Hz
Electrocardiogram (ECG), .05 - 35 Hz
Electrocardiogram (ECG), .05 - 100 Hz, AHA
Electrocardiogram (ECG), 0.5 - 150 Hz
Electroencephalogram (EEG), .5 - 35 Hz
Electroencephalogram (EEG), .5 - 100 Hz w/notch
Electrogastrogram (EGG)

Electromyogram (EMG), 5 - 250 Hz w/notch
Electromyogram (EMG), 5 - 500 Hz
Electromyogram (EMG), 5 - 1000 Hz
Electromyogram (EMG), 30 - 250 Hz w/notch
Electromyogram (EMG), 30 - 500 Hz
Electromyogram (EMG), 30 - 1000 Hz
Electrooculogram (EOG), .05 - 35 Hz
Evoked response (ERS), 1 - 500 Hz

Evoked response (ERS), 20 - 500 Hz
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Chapter 6  Calculation
Channel Presets

Calculation Presets establish settings to target
application-specific analysis. Presets exist for a
broad range of analysis functions, including
Fourier Linear Combiners and Adaptive Filtering.
Start with existing presets for a specific species or
protocol—for example, human vs. small animal,
or stationary vs. exercising measurements.

The Channel Setup dialog contains a “Preset” pop-
up menu by each channel that lists the current
Preset or, if no Preset has been selected for that
channel, the Calculation type (Integrate,
Difference, etc.). When selecting a Preset for a
particular channel, the channel is configured with
the settings associated with that Preset.

The Setup dialog has a “Presets” pop-up menu
that contains all of the Presets for the Calculation
type being configured. To enable the Preset pop-
up menu, set at least one analog channel to
“Acquire” (calculation channels require a source
channel). For example, if a Difference Calculation
channel is being configured; all Presets for the
Difference Calculation will be listed. Just click the
Presets head and scroll to select the desired preset.

After selecting a Preset, the Setup dialog is
updated with the corresponding information.

=  The Setup dialog reads “none” if the
channel configuration doesn’t match any
Preset. The menu will flip to “none” when
the settings for a channel are changed
such that they no longer match a Preset.

= Toreate a new Preset from existing
Calculation channels: Click “Setup” to
display the Calculation Setup dialog and

click the “New Preset” button. The settings will be applied to the current channel, and you will be
prompted to enter a name for the new Preset. Preset names cannot be duplicated, nor can the default
name of a Calculation channel type (Integrate, Difference, etc.). Newly-created Presets will be included
in the pop-up menus and saved with the file.

= To reorder channel Presets (by type, use, etc.), choose Hardware > Organize Channel Presets and then
use the up/down buttons as appropriate (see page 243).

=  MP150 hardware: Presets are not applicable to and therefore not selectable on Analog or Digital

channels.

=  MP36R hardware: Presets are available on Analog channels but not Digital channels.
See the YouTube video for a detailed explanation of Preset options.

Visit the online support center at www.biopac.com
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Integrate Calculation

Online Transformation - Integrate

Destination: C0, Integrate setup Volts
Label: ICD - Integrate| .
—Option
Source channel: IAI, Analog input vl Violts Scaling. .. |
* Average over samples { Resetvia channel ¢ Timed reset
Preset: Inone - I
—Option
Samples: I 3
™ Average over samples % Reset via channel { Timed reset p
¥ Parameters
Control Channel: IAI, Analog input ;I
—Reset thresholds i Rectify
LOW ID.DDUDDD Volts
¢ Root mean square
HIGH ID.DDUDDD Volts
™ Remove baseline
—Reset trigger
™ Mean subtraction _
% Positive Option
" Negative [V Output reset events " Average over samples ¢ Resetviachannel ™ Timed reset
Max cyde period | 1.000000 seC
Resetintegral to zero every: | 1000000 |se-:-:nds |
[~ Rectify source data
Mew Preset | 0K Cancel |

The onl

ine Integrate Calculation offers three basic options:

Reset via channel. Perform a real-time integration of input data over a variable number of sample points.
This option is extremely useful for converting flow signals into volumetric equivalents. The integral of flow
is volume. For example, when recording airflow with a pneumotach, volume can be precisely calculated as
the flow varies in a cyclic fashion:

a) Real-time conversion of flow signals into volume signals (i.e., Blood flow - Blood volume; Air
flow = Air volume)

b) Any processing involving a need for a cyclic, continuous integral calculated in real time. For
example: Acceleration - Velocity; Velocity - Distance; Frequency = Number of cycles; Power
- Energy

Average over samples. Perform a moving average (mean) and associated processing (Rectify; Root mean
square) over the specified number of sample points. This option is useful to process EMG signals to:

a) Smooth noisy data

b) Display the real-time “integration” (rectified, then sample averaged) of the raw EMG data
c) Display the real-time “root mean square” calculation of the raw EMG data

d) Return real-time windowed standard deviation

Timed reset. This option is available in AcgKnowledge 4.1 and above in the Integrate calculation channel

and

transformation. This mode computes a straight sum of the source data points and resets this sum after a

fixed amount of time has elapsed. This periodic integral is used in several types of analysis, such as EMG
analysis where it can generate an EMG signal or estimate the power in fixed time intervals. The time
interval at which the integral resets to zero may be specified in seconds or in samples. The timed integrate
reset functionality may also be used in calculation channel presets and by the Mac OS X Integrate
automator action.

To have AcgKnowledge perform an Integrate calculation in real time:

1.
2.
3.

4.
5.

Choose Hardware > Set Up Data Acquisition > Channels (click “View by Channels).
Click the Calculation tab.

Check an Acquire box for the Calculation channel you want to contain the modified data. You may also
check the Plot and Values boxes as appropriate for each channel.

Click the Preset pull-down menu and select Integrate.
Click the Setup button in the Input Channels dialog to generate the Integrate dialog.

(Off-line Integrate is available under Transform > Integrate.)
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Destination
Determined by the calculation channel selected. (CO, C1, C2, etc.)
| Aﬂquir&l Flot | Value | Channel I Label I
v 3 W jco |0 - Integrate
v v ¥ | C1 | C1 - Smoothing
Source
Any Analog or Digital channel being acquired as well as any enabled Calculation channels with a lower
number.
Reset via channel (Integrate option)

This feature is used to integrate data over a data-dependent
Destination: €0, Integrate setup Volts interval. Either the source channel or a different channel
Label: [[co - ntegrate] can control the integration process.

Source channel: I.-'-\l, Analog input LI Valts Scaling. .. | M
— [rone = Allows user to select any active channel as the integration
—Option control channel. (Calculation channels must have a lower

number.)
Reset Thresholds

" Average over samples (% Resetvia channel ¢ Timed reset

C_‘;”;:'t‘::;z’d!“”“a'°g e =l The threshold is to be set at points surrounding the flow
level. Typical values are:
tow Jocoooo et LOW: a negative value close to 0.00
B e B HIGH: a positive value close to 0.00
[resst inaaer I mean subtraction For airflow to volume conversion, the flow signal will vary
 Positive positively and negatively around zero flow.
" Negative [V Output reset events Reset triager

Max cycle period | 1.000000 sec The Reset trigger polarity determines on which slope
(Positive T or Negative ) the integration process will begin

and end.

Mean Subtraction

This option will subtract the mean from the data evaluated during the integration period. If this option is
selected, the integration will only proceed after all the data in the integration period has been collected. When
collected, the mean value of all the data is subtracted from each data point in the integration period. In this
fashion, the integral of the corrected data points will result in the integral returning to exactly zero at the end of
the integration interval. Although this option will result in “well-behaved” integrations, the integrated data will
be delayed by a fixed amount of time, as specified by the max cycle period.

Online Enabling mean subtraction delays the signal by the mean cycle length. It waits for that period of
time to pass so it can determine a mean value for the initial cycle, and it then tries to re-compute
this mean for each cycle. If the resets are too short or too long, the window expires and the
processing halts again until a new mean can be recomputed. Online processing may reset from
threshold crossing in the control channel or window expiration when it loses mean tracking.

Offline Tranformation version of this operation. Since all the data is available, the mean is computed
from the data in the channel and the signal is not delayed. Also, since it isn’t doing windowed
means, there are no window expiration events inserted. Offline processing may reset from
threshold crossing in the control channel.

Max cycle period

The Max cycle period should be longer than the maximum time expected from trigger event to trigger event in
the Control Channel. Typically, the default scale settings for cyclic integrated data will be fine.

Output reset events—not available for metachannels

Visit the online support center at www.biopac.com
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= Threshold crossing on the
control channel

For example: Calculation
channel resetting on positive
crossings of OV on CH 1.

Window expiry when mean
removal is enabled

For example: No threshold
crossing within “mean cycle
width” as specified in calc
channel setup. Settings of
calc channel: threshold
crossings positive, 3V, Mean
cycle subtraction, 1 second
period width. First reset is
due to threshold crossing;
second reset is due to
window expiry.

Zero value due to “true” zero
being achieved due to
mathematical results

For example: Mathematical
Source is sine wave, integral
is cosine. Input (10V) never
crosses threshold levels.
Signal reaches zero
mathematically; no reset
events appear on output.

Add Events (markers) to show where Reset occurred and distinguish why the channel reached zero.

AcgKnowledge 4 Software Guide
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Average over samples (Integrate operation)

CAINT.ACQ ==
2191329 4|

Online sample averaging can be useful when there
is a high degree of noise present in the data. At
least some of this noise can be “averaged out” by
pooling some number of adjacent data points
together, taking the average of these points, and
replacing the original values with the new averaged
values. This process creates a “window” of moving
averages that moves across the waveform oo YT e — NG
smoothing the data. . seends B[ as ] ®

1 450886

Liters

0730443 °

Raw respirstion

0.0E+000

2191329 j
1 460586

inteqrated

Liters

0730443

00E+000  —
+

Integration used to smooth noisy data

Samples

To specify the number of data points to average across, enter a value in the Samples box. The number you
select will depend in large part on the sampling rate you select and the type of noise present. All things being
equal, for slower sampling rates you will probably want to mean average across a smaller number of samples.
As you increase the sampling rate, you will probably want to integrate across more and more samples. As the
number of samples specified in the samples box increases, the amount of high frequency information contained
in the data will decrease.

Parameters

C:\INTEGEMG.ACQ B
+

Rectify —The Average over samples calculation

can also be used for producing an envelope of 1 sosenn
modulated data. For instance, EMG waveforms b 0E+000
frequently contain high frequency information, 1 50380

L3.00720
which is often of little interest compared to the low P
frequency information also contained in the data.
When the Rectify option is checked,

Rawy EMG
'

0.654315
£
0432158

Irtegrated EMG

0.0E+000 4]

AcgKnowledge will take the absolute value of the 55030 5 w0 TEE 1 &
input data prior to summing and a plot of the . s Bl ia]l e
waveform’s mean envelope over a specified Online “Average over samples” feature used as an
number of samples will be obtained. envelope detector

Typically, this option is only used for processing raw EMG and similar types of applications. The signal for
Rectify is normalized by a factor of (# samples averaged)/(Channel sampling rate).
Root mean square—provides the exact root mean square (RMS) of the input data (typically EMG) over the
specified number of samples.
Remove baseline—provides the exact standard deviation of the input data (typically EMG) over the specified
number of samples. When the mean of the input data equals 0-0, the standard deviation and the RMS will be
equivalent.
Scaling... button—Since the integration values are going to be on a different scale than the original units, you
need to change the scale of the integration channel to reflect the new units. Click the Scaling... button, to
generate the Change Scaling Parameters dialog.
The rescaling involves multiplying the “Input units” values by a factor determined by the sampling rate and
number of samples mean averaged across.

Sampling rate
Number of samples to be mean averaged

Map or Scale value = Input units x

As an example, if data was being acquired at 75 samples per second, and you wanted to integrate across an
interval of 10 samples, you would set the Integration Setup Scaling parameters so that +10 Volts corresponded
to a Map (Scale) value of 75 and a Map (Scale) value entry of —75 reflected an Input value of —10 Volts.

Visit the online support center at www.biopac.com
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» Itis important to note that this rescaling should be performed independent of any rescaling performed
on analog channels themselves. Even if an analog channel is being rescaled to some other units, the
input values in the integration scaling should be set to +10 Volts (next to Cal 1) and —10 Volts (next to

Cal 2).
Destination: CA, Integrate setup Valts
Label: I C0 - Integrate

Source channel: I.ﬁ. 1, Analog input

Preset: Iru:une

—Option

Samples: I 10|

¥ Parameters

¥ Average over samples ¢ Reset via channel { Time

" Rectify
¥ Root mean square

[~ Remove baseline

| volts Scaling... |
LI | Scaling
Channel €0, scaling
Input volts Map value
|-10 75
|10 |75
Units label: [ volts
oK Cancel

Integrate Calculation and Scaling dialogs for 10 point averaging

When data is averaged in this way, a portion of the data at the beginning of the record (equivalent to the number
of samples being integrated) should be ignored, as they will reflect a number of zero values being averaged in

with the first few samples of data.

Timed Reset (Integrate operation)

—Option

" Average over samples © Resetvia channel ™ Timed reset

Resetintegral to zero every: I 1.000000

[ Rectify source data

Isecu:unds - |

samples
milliseconds
seconds

Timed Reset operation computes a straight sum of the source data points and resets this sum after a fixed
amount of time has elapsed. This periodic integral is used in several types of analysis, such as EMG analysis
where it can estimate the power in fixed time intervals.

The time interval at which the integral resets to zero may be specified in samples, milliseconds, seconds,

minutes or hours.

Timed reset functionality may also be used in calculation channel presets and by the Mac OS X Integrate

automator action.
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Smoothing Calculation
The Smoothing Calculation is useful for removing noise of varying types from a data set.

1. Choose Hardware > Set Up Data Acquisition > Channels. [Smoothing ]
2. Click the Calculation tab. C0, Smoothing setup
3. Check an Acquire box for the Calculation channel you want to seures ——
contain the modified data. You may also check the Plot and bk 1Co - Smoothing
Values boxes as appropriate for each channel. Freset Inone =
|3 samples

4. Click the Preset pull-down menu and select Smoothing. e mden

5. Click the Setup button in the Input Channels dialog to generate L
the Smoothing dialog. saing... |

(Off-line Smoothing is available under Transform > Smoothing.) ew preset | ok | concel

Source Source is a pull-down menu of the available channels.
Smoothing factor  enter the number of samples to use as a smoothing factor.
Smoothing method This calculation channel provides real-time Mean (default) or Median smoothing.

Mean value The default is mean value smoothing. Use Mean value smoothing when noise appears in a
Gaussian distribution around the mean of the signal.

Use Median value Click in the box to activate Median value smoothing if some data points appear completely
aberrant and seem to be “wild flyers” in the data set.

For a given sequence of wave data, X = {Xy, X,,...,Xn}, Median value smoothing will sort the
sequence and extract the median equivalent to the recommended NIST (National Institute
of Standards and Technology) formula:

e n is odd: median is the center element of the sorted list of n items.
¢ n is even: median is the mean of the center pair of elements of the sorted list of n items.

The smoothing calculation channel is the primary method of computing real-time median
values using the definition of median as given above. The smoothing output at a sample
position is the median of the window of source channel samples including the current
sample and the previous samples in the window.

The size of the window is 1 at the start of acquisition and increases incrementally until
the final window size is reached. The median extraction method shifts between even and
odd definitions as the window size is incremented.

Scaling Click the Scaling button for access to options that allow you to modify the units or linearly
scale the output.

EEE
Channel C0, scaling
Input volts Map value
|10 |10
|-10 |-10
Units label: IHeriz—
OK I Cancel |

See the YouTube video for a detailed demonstration of the Smoothing feature.
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Difference Calculation

The Difference calculation returns the difference between two data samples over a specified number of intervals
and divides the Difference by the time interval spanned by the data values. The Difference Calculation is useful
for calculating an approximation of the derivative of a data set in real time.

To have AcgKnowledge perform a Difference calculation in real time:
1. Choose Hardware > Set Up Data Acquisition > Channels.
2. Click the Calculation tab.

3. Check an Acquire box for the Calculation channel you want to contain the modified data. You may also
check the Plot and Values boxes as appropriate for each channel.

4. Click the Preset pull-down menu and select Difference.
5. Click the Setup button in the Input Channels dialog to generate the Difference dialog.
(Off-line Difference is available under Transform > Difference.)

The Difference Calculation dialog allows you to specify the source channel and the number of intervals
between samples over which the difference is to be taken, and also includes the option of rescaling the channel
to reflect different units.

Click the Setup button in the Input Channels dialog to generate the Difference dialog:

C0, Difference setup

seures: Scaling
Label: | C0 - Difference Channel 0, scaling
Preset: Ingne ;I Input volts Map value
-10 -10
I 1 Interval between Samples I I

|10 |10
Scaling. .. |
Units label: Volts

Mew Preset | CK I Cancel | oK I Cancel |
Source When the Source channel contains relatively high frequency data, the Difference Calculation
may result in a very noisy response, so it’s best to use Difference on relatively smooth data.
Intervals Difference is calculated with respect to the number of intervals between points (rather than the

number of sample points). For instance, two sample intervals span three sample points:
POINT<interval > POINT<interval > POINT

A l-interval difference transformation applied to a blood pressure (or similar) waveform will
result in the widely used “dP/dT”” waveform.

v See page 303 for a complete description of the online Difference function.
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Rate Calculation

The Rate Calculation is used to extract information about the interval between a series of peaks in a waveform.
This interval can be scaled in terms of BPM (the default), frequency (Hz), or time interval between peaks.

» The BPM (or beats-per-minute) Rate function is used as a measure of peaks or events that occur in a
sixty-second period.

» The frequency rate function is commonly used to describe the periodicity of data, or the amount of
time it takes for data to complete a full cycle (from one peak to the next peak).

» The Interval Rate function returns the raw time interval between each adjacent pair of peaks, which is
essentially the inter-beat interval (1BI), frequently used in cardiology research.

These three functions essentially provide the same information in different formats, since a frequency of 2Hz is
equal to an inter-peak interval of 0.5 seconds, both of which are equivalent to a BPM of 120. Other options
allow you to record the maximum or minimum value of all peaks (the peak max/min option), or to count the
aggregate number of peaks (the count peaks option).

In order to calculate Rate information, you have the option of specifying the threshold manually or having
AcgKnowledge automatically compute the default threshold value. This section describes the basic parameter
settings for typical online Rate Calculations.

NOTE: Parallel functions can be performed after data has been acquired. A
detailed description of the Rate Calculation options can be found in the Find
Rate section on page 338.
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To perform a Rate Calculation in real time:
1. Choose Hardware > Set Up Data Acquisition > Channels.
2. Click the Calculation tab.

3. Check an Acquire box for the Calculation channel you want to contain the modified data. You may also
check the Plot and Values boxes as appropriate for each channel.

4. Click the Preset pull-down menu and select Rate.

5. Click the Setup button in the Input Channels dialog to generate the Rate dialog.
(Off-line Rate calculation is available under Analysis > Find Rate.)
Source—selected from the Source popup menu at the top of the dialog.
Label—Use to create a label for the Rate channel

Preset—Use to select from 17 pre-defined calculation channel presets. New presets affecting source channel,
label and output settings can be created and saved by clicking “New Channel Preset.”

Signal Parameters Tab

Signal Type—Contains parameters for specific human and animal waveform morphologies. Choose from six
pre-defined heart rate and respiration signal types, or click “New” to create and save custom setups. Unlike
channel presets, all pre-defined and custom signal types appear in both calculation channel Rate (online) and
analysis Rate (offline) dialogs. Signal type modifications affect settings in the Signal Parameters tab only. For
more details on Rate signal types, see page 341.

Peak Detect—Choose whether to look for positive or negative peaks in the signal.

Remove baseline—provides the exact standard deviation of the input data (typically EMG) over the specified
number of samples. When the mean of the input data equals 0-0, the standard deviation and the RMS will be
equivalent.

Baseline window width—Width of the window for the difference operation applied prior to peak detection.
(E.g. the value of the source x ms previously is subtracted from the current value to generate the signal that is
analyzed with the peak detection.)

Auto Threshold detect—The most convenient way to calculate a Rate channel online is to have
AcgKnowledge automatically compute the threshold value (the “cutoff” value used to discern peaks from the
baseline). This is done by checking the Auto Threshold detect box.

Noise rejection—AcgKnowledge constructs an interval around the threshold level when Noise rejection is
checked. The size of the interval is equal to the value in the noise rejection text box, which by default is equal to
5% of the peak-to-peak range. Check this option to help prevent noise “spikes” from being counted as peaks.

Cycle Interval Window—When “automatic” Rate Calculations are set, specify a minimum rate and a
maximum rate. These parameters define the range of expected values for the Rate Calculation. By default, these
are set to 40 BPM on the low end and 180 BPM on the high end.

The Rate Calculation will use these values to find and track the signal of interest, assuming the input BPM
range is reasonably well bracketed by these values. Depending on the shape of the input cycle waveform, the
Rate window settings may be closer or further from the expected rates.

» For ECG-type data (where the waveform peak is narrow with respect to the waveform period), the
Rate window values will closely bracket the expected values.

» For more sinusoidal data, with the waveform energy distributed over the waveform period (as with
blood pressure or respiration), the Rate window will closely bracket the expected rate on the high-end,
but can be up to twice the actual measured rate at the low-end.

One of the most frequent applications of the Rate Calculation is to compute BPM online for
ECG, pulse, or respiration data. For more information on optimizing ECG amplifiers for online
calculation of heart rate, see the ECG100C section of the Hardware Guide.

Windowing Units—Use to select the unit type to be used in the rate detection. The options are Hz, BPM and
seconds.
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Output Tab

Function —The popup menu includes options to scale the rate in terms of Hz, BPM, Interval, Peak Time,
Count Peaks, Peak Minimum/Maximum, Peak-to-Peak, Mean Value, Area or Sum.

» For more information on each of these functions, see the Calculation Channels section beginning on
page 122.

» Calculate systolic using the peak maximum Function, diastolic using the peak minimum Function, and
mean blood pressure using the mean value Function.

» NOTE: All of these Function options are available in the post-acquisition mode through
the Analysis > Find Rate function.

Use Averaging mode—Use to average to output of the selected function. Averages can be based upon a fixed
time window or a fixed number of cycles. The ‘Recompute on every cycle’ option will start the averaging
output after N numbers of cycles are detected and then remain fixed until the next N cycles are detected.

Output reset events (not available for metachannels)—When auto threshold detection is being used, the
minimum and maximum rates of the signal are specified in the Windowing controls. If the input signal falls out
of this range, the value of the rate function and automatic threshold level will be reset. By enabling “Output
reset events” a reset event will be placed on the output at the location of these window expirations. Rate
detector is set to “Peak function, default window of 40 BPM to 180 BPM, auto threshold detect for positive
peaks. The reset event occurs after the window expiration, approximately a full 40 BPM interval after the
“peak” transition from 0 to 5 volts in the source signal.

Show Threshold—~Plots the threshold used by the Rate calculation function.

Show Modified—Plots the modified data as processed by the Rate Detector. Typically, the modified data is a
differential version of the original input data. The data will be modified if the “remove baseline” feature is
checked.
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Math Calculation

The Math Calculation performs standard arithmetic calculations using two waveforms or one waveform and a
constant. Calculation channels with lower channel numbers may be also used as a waveform.

1. Choose Hardware > Set Up Data Acquisition > Channels.
2. Click the Calculation tab.

3. Check an Acquire box for the Calculation channel you want to contain the modified data. You may also
check the Plot and Values boxes as appropriate for each channel.

4. Click the Preset pull-down menu and select Math.

5. Click the Setup button in the Input Channels dialog to generate the Math dialog.
(Off-line Math calculation is available under Transform > Waveform Math.)
Use the pull-down Source menus to select the source channels (Source 1 and Source 2).

The Sample rate line provides the sample rate for the channel selected as Source; the channel sample rate may
be different than the acquisition sample rate.

Use the pull-down Operation menu to select a function. In the example below, analog channel 1 (Source: Al) is
added to analog channel 2 (Source: A2). To use this summed waveform as an input for another Math
Calculation channel. One useful application would be to divide this waveform (C0) by K, where K=2, thus
producing an arithmetic average of source channels Al and A2.

C0, Math setup

Preset: Inone ;I
label  |CO-Math
ey Scaling
Operation |+ ;I Channel C0, scaling
Input volts Map value
Source 2 [AL, ECG =] Ew o
Constant ID I m | =

Scaling. .. | Units label: Volts
MNew Presetl oK I Cancel | oK I Cancel |

The “Constant” entry is activated when “K” is selected as a Source.

As an alternative to creating an additional Calculation channel for dividing the summed waveform, you can use
the scaling function to perform the same task. To do this, click Scaling... button and then set the Map (Scale)
value for the summed waveform equal to +5 and -5 (to correspond to Input Volts values of +10 and —10
respectively). This will effectively plot the sum of channels Al and A2 as the arithmetic mean of the two
waveforms.

For additional information, see the sections on Function Calculation channels (page 138) and online
Expression, page 141).

For complex calculations (such as squaring a waveform then adding it to the average of two other
waveforms,) Expression is a more efficient solution. These calculation channels allow more complex
operations. Metachannels (page 123) allow the user to chain multiple calculation channels together.
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Function Calculation

=3 The Function calculation can be used to perform a variety of
€0, Functon setup matheme_ltical functions to qsingle wavgform. Like mat_h
' Calculation channels, function Calculations can be chained
= = together to produce complex functions (such as taking the absolute
Label | CO - Function value of a waveform on one channel and Calculating the square
Preset:  [none =] | root of the transformed waveform on another channel). These
unetion: [0 = | same functions are also available under the transform menu in
AcgKnowledge for post-hoc operations. Many of these functions
__ Sedling. gz“ can also found in the online Expression, see page 141 for details).
tg 'I_'o have AcgKnowledge perform a Function Calculation in real
Nogilse time:
ot 1. Choose Hardware > Set Up Data Acqusition > Channels.
Threshold 2. Click the Calculation tab.
MNew Pre Limit
3. Check an Acquire box for the Calculation channel you
| want to contain the modified data. You may also check the
— Plot and Values boxes as appropriate for each channel.
Input volts Map value 4. Click the Preset pull-down menu and select Filter.
[ [ 5. Click the Setup button in the Input Channels dialog to

|10

Units label:

|10

generate the Function dialog.

(Off-line Function calculation is available under Transform >
Math Functions.)

x| cocel | Other mathematical Functions are available in the online

Function

Abs
Atan

Exp
Limit
Ln
Log
Noise
Sin
Sqrt

Expression (see page 141). Function Calculations can be chained
together to produce more complex Calculations, although it is
more efficient to program complex functions using the Expression
calculation.

The Sample rate line provides the sample rate for the selected
channel (may be different than the acquisition sample rate).

Returns the absolute value of each data point
Computes the arc tangent of each data point

Takes the eX power of each data point

Limits or “clips” data values that fall outside specified boundaries
Computes the base e logarithm for each data point

Returns the base 10 logarithm of each value

Creates a channel of random noise with a range of £ 1 Volt
Calculates the sine (in radians) of each data point

Takes the square root of each data point.

Threshold Converts above an upper threshold to +1 while converting data below a lower threshold to 0.

Thresholding Algorithm Assume a domain variable -5 {Z,» Lar + 1 Lo + 201}

with ty, being an integer, a real-valued signal y(t) defined for all t, and two real valued levels o
and Yhign satisfying the relation y;,, < V-

Define the Threshold function thresh(t) function such that:
0 D < YViow
0 )/(l.sfﬁfl) < J//UW /”gh

thresi(t,,) = {
thresh(t=1) ¥, < AD < Vs
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Filter IIR Calculation

The Filter IR Calculation channel allows you to perform real time digital filtering on analog, digital, or
calculation channels. To have AcgKnowledge apply a digital Filter 1IR Calculation in real time:

1. Choose Hardware > Set Up Data Acquisition > Channels.
2. Click the Calculation tab.

3. Check an Acquire box for the Calculation channel you want to contain the filtered data. You may also
check the Plot and Values boxes as appropriate for each channel.

4. Click the Preset pull-down menu and select Filter.
5. Click the Setup button in the Input Channels dialog to generate the Filter dialog.

AcgKnowledge - Filter - IIR

0, Filter - IIR
-0 A 1, Analog input -
Label:  |Co - Filter - IIR
ILu:uw Pass

Preset: |nu:une ﬂ
Qutput: ILuw Pass LI High Pass

Frequen Band Pass Low + High

A Band Pass
f+ Fixed at Isu Hz Band Stop

= Sampling rate / IS

" Line frequency

Q: |0.7070000

Mew Preset | oK I Cancel |

Filter Setup & Output Options

In the dialog above, the signal on analog channel one (Al) is run through a low-pass filter that attenuates data
above 50 Hz. The “Q” for this filter is 0.707, which is the default.

One possible application of the online filtering option is in conjunction with the Show Input
Values option (see page 230). Raw EEG data, for instance, can be filtered into distinct
bandwidths (alpha, theta, and so forth) using one source channel and multiple filter Calculation
channels. The filtered data can then be displayed in a bar chart format during the acquisition
using the Show Input Values option.

Source
Sampling rate

Type (Output)

Frequency

Q coefficient

Set the source channel.

Select this to compute the frequency at the start of acquisition as a fraction of the channel
sample rate. (Unselected by default.)

Lists the filter options: low pass, high pass, band pass, band pass (low + high), band stop, and
comb band stop. See About Filters in this section for more details on filter types.

Fixed value—Type a value in the entry box.

Sampling rate—Sets the frequency to a fraction of the sampling rate and automatically updates
when the sample rate is modified.

Line frequency—Uses the line frequency at which the data was recorded.

The online 1IR have a variable Q coefficient. The Q value entered in the filter setup box
determines the frequency response patterns of the filter. This value ranges from zero to infinity,
and the “optimal” (critically damped) value is 0.707 for the Low pass and High pass filters, and
5.000 for the Band pass and Band stop filters. If you wish, you may change the Q. A more
detailed explanation of this parameter and digital filters in general, can be found in Appendix
B.
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About Filters

While the technical aspects of digital filtering can be quite complex, the principle behind these types of filters is
relatively simple. Each of these filters allows you to set a cutoff point (for the low and high pass filters) or a
range of frequencies (for the band pass and band stop filters).

» A Low Pass filter allows you to specify a frequency cutoff that will “pass” or retain all frequencies
below this point, while attenuating data with frequencies above the cutoff point.

» High Pass filters perform the opposite function, by retaining only data with frequencies above the
cutoff, and removing data that has a frequency below the specified cutoff.

» Each type of Band Pass filter is optimized for a slightly different type of task.

The Band Pass (low + high) filter is designed to allow a variable range of data to pass through the filter.
For this filter, you need to specify a low frequency cutoff as well as a high frequency cutoff. This
defines a range or “band” of data that will pass through the filter. Frequencies outside this range are
attenuated. The Band pass (low + high) is actually a combination of a low pass and a high pass filter,
which emulate the behavior of a band pass filter. This type of filter is best suited for applications where
a fairly broad range of data is to be passed through the filter. For example, this filter can be applied to
EEG data in order to retain only a particular band of data, such as alpha wave activity.

The alternative Band Pass filter requires only a single frequency setting, which specifies the center
frequency of the band to be passed through the filter. When this type of filter is selected, the “width” of
the band is determined by the Q setting of the filter (discussed in detail below). Larger values for g
result in narrower bandwidths, whereas smaller Q values are associated with a wider band of data that
will be passed through the filter. This filter has a bandwidth equal to Fo/Q, so the bandwidth of this
filter centered on 50 Hz (with the default Q=5) would be 10 Hz. This type of filter, although
functionally equivalent to the band pass (low + high) filter, is most effective when passing a single
frequency or narrow band of data, and to attenuate data around this center frequency.

» The Band Stop performs the opposite function of a band pass. A Band stop filter defines a range (or
band) of data and attenuates data within that band. In this case, the Band stop filter is implemented in
much the same way as the standard Band pass, whereby a center frequency is defined and the Q value
determines the width of the band of frequencies that will be attenuated.

» The Comb Band Stop removes interfering harmonics; resonance, aliasing, and other effects may
generate interference at multiples of a base frequency. It combines all the required filters instead of
requiring a separate filter for each interfering overharmonic. For setup details, see page 285.

Off-line filtering

Apart from these online filter options, similar filters can be applied after an acquisition is terminated via the
Transform > Digital Filters menu. Many of the biopotential amplifiers available from BIOPAC have selectable
filters, which allow you to filter certain frequencies (including 50 Hz or 60 Hz electrical noise) and possibly
reduce the need for online filters.

Digital filtering can also be performed after an acquisition using the same types of filters. You can choose from
the different filter types by selecting Digital filters from the Transform menu. The filters available after the
acquisition use a different algorithm but operate in essentially the same way.

For more information on digital filters and filters that can be applied after an
acquisition, turn to the Digital Filtering section on page 279 or Appendix B.
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Expression

AcgKnowledge - Expression

C0, Expression setup
Preset: =

Label: ICD - Expression

Evaluate expression:

—Expression Preset

Preset: ICusmm 2 l Mew Preset... Delete

Sources: IAI,Anang input 'l Functions: IABSD VI
Destination: CO Operators: |+ vI

Units: | volts

Mew Preset | Clear | oK I Cancel |

The online Expression calculation channel is available for performing computations more complex than
possible in the Math and Function calculations, and is additionally available as an offline transformation and a
measurement. (Different attributes may apply to each available Expression type.) The Expression calculation
will symbolically evaluate complex equations involving multiple channels and multiple operations.
AcgKnowledge can perform conditional evaluation, data extraction, logical operations, expressions requiring a
range of samples or the results of the previous expression, and evaluation of generic formulas that can be
expressed in a closed, recursive form.

Unlike the Math and Function calculations—which can only operate on one or two channels at a time—the
Expression calculation can combine data from multiple analog channels, and allows you to specify other
Calculation channels as input channels for Equation channels. Also, computations performed by the Expression
calculation eliminate the need for “chaining” multiple channels together to produce a single output channel.

While the Expression calculation is more powerful than other Calculation channels, each Expression calculation
requires more system resources than other Calculations. This essentially means that acquisitions that utilize
Equation calculations are limited to a lower maximum sampling rate than acquisitions without online
Expression functions. When an expression is evaluated, it is actually evaluated multiple times. The expression
is computed starting at the first sample acquired, and is then evaluated once for each successive acquired
sample.

AcgKnowledge can accept the notations SC, MC, and CHn to reference the sample at the current evaluation
position or SC(x), MC(x), and CHn(x) for values at locations prior to the present evaluation location using
an offset expressed in sample intervals. For example, CH1(-1) will give the previous sample of Channel 1.

The same features that are available in online Calculation channels are also available under the Transform menu
for evaluation of complex equations after acquisition. Thus, simple Calculations such as summing two channels
or finding the absolute value of a channel (and so forth) are best performed in either the Math calculation
channels or the Function calculation channels.

On the other hand, for complex Calculation channels, such as squaring one channel, multiplying it by the sum
of two other channels, and dividing the product by the absolute value of another waveform, a single Expression
calculation channel is more efficient than chaining five Math and Function calculation channels.

Save to Calculation Channel

To evaluate an expression and save the result to a Calculation channel in real time:
1. Choose Hardware > Set Up Data Acquisition > Channels.
2. Click the Calculation tab.

3. Check an Acquire box for the Calculation channel you want to contain the modified data. You may also
check the Plot and Values boxes as appropriate for each channel.

4. Click the Preset pull-down menu and select Expression.
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5. Click the Setup button in the Input Channels dialog. This will produce a dialog, where you can enter the
expression to be evaluated.

(Off-line Expression is available under Transform > Expression.)

The different components of each expression can be entered either by double-clicking buttons from the button
rows (sources, functions, and operators) in the setup expression dialog, or by typing commands directly into the
Equation box. The Expression calculation uses standard mathematical notation.

For each expression, you need to specify at least one source, the function(s) to be performed, and any operators
to be used. Sources are typically analog channels, although you may also select Time from the source button
row and AcgKnowledge will return the value of the horizontal axis (usually time) for each sample point. When
the horizontal axis is set to frequency (in the Display > Horizontal axis dialog), the “time” item in the source
button row will switch to “frequency.”

When using the online Expression calculation channel, it is important to keep in mind that while different
channels, functions, and operators can be referenced, the Calculation cannot reference future sample points.
That is, data from waveform one can be transformed or combined in some way with data from waveform two at
the same point in time, although data from one point in time (on any channel) cannot be combined with data
from another point in time (on any channel). See the section on post-acquisition expression commands
(beginning on page 305) for ways around this limitation.

Functions The arguments to each function are represented in the Functions table in italics and may
be replaced by any valid expression. Each argument is separated from its next argument
by a comma. Expressions can only contain commas within balanced parenthesis pairs. An
ellipsis (.”..”) at the end of a function description indicates that any number of arguments
may be present provided they are in a comma separated list. When a function is added to
an Expression, the cursor is placed between the parentheses.

Conditionals Change output based upon a condition test. All of the conditionals treat the value zero as
false and any non-zero value as true. Expressions can only contain commas within
balanced parenthesis pairs.

Offset Notation Offset notations take integer offsets in terms of the number of samples using the
formation CH#(P) where CH# is the channel number and P is the number of points. For
example, an offset of -1 will return the data point immediately to the left of the selected
point and an offset of +1 will return the data point immediately to the right of the selected
point.

To refer to previously acquired data, offsets must be negative. For notational
convenience, offsets that result in an invalid negative sample position (e.g. no data is
defined prior to the first sample in the graph) evaluate to zero. Any attempt to access a
sample beyond the end of the data will result in an error. Any attempt to use a positive
offset for an online Expression calculation channel will result in an error.

CHn(xX) Returns the value of channel with index n x samples away from the current
evaluation position.

SC(x) Returns the value of the selected channel x samples away from the current
evaluation position. Only allowed for Transformations and Measurements; not
allowed for Calculations.

MC(x) When x is zero or positive, returns the value of the measurement channel x
samples away from the current evaluation position. When X is negative, returns
the result of the expression evaluation that occurred x steps previous to the
current evaluation position. Only allowed for Measurement Expressions (see
below); not allowed for Calculations or Transformations.

Recursive notation  Since transformations and calculation channels replace the source data of the channel
with the result of the expression evaluation in sequence, negative offsets are equivalent to
returning the final result of the expression that was evaluated a certain number of steps in
the past. The channel where the expression results are stored can be thought of as a
storage record of the previous evaluation steps. Negative sample offsets, therefore, can be
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Expression
Measurement

used to compute any formula that can be expressed in closed recursive form. For
example, the recursive definition of the Fibonacci sequence is:

Fn=Fn1+Fn2
To evaluate this as an expression transformation, use the expression:

SC(-1)+SC(-2)
Note that to actually get the Fibonacci sequence; the selected channel would need to have
a constant value of one prior to the transformation.

Measurements are powerful tools for quick manual analysis and also for advanced
automated analysis when combined with the Cycle/Peak detector. Expression
measurements extend measurements to evaluate simple formulas or complex data
reduction. Each Expression measurement has an expression associated with it and the
measurement result is derived from computing the Expression(s) on the selected data.

Measurement expression dialog is
generated the first time a measurement is
set to Expression or when the
measurement preset button is clicked.
Preset menu allows access to pre-loaded — preemrermemrrm———
commonly used expressions and displays
Mew Preset... | Delete |

user-defined custom presets, along with Preset; |STEE
a list of recently-used expressions. Recent '

OK invokes a syntax check. If there is an 2 5ec Cosine Waveform
error, the user will be prompted to | > Sec Cosne Wizueorm

CH1 Inversion

correct the error and the error will be Sources:  Selected Channel Inversion (offine only) | |#850 =]
selected (highlighted) in the Expression v Custam [+ =
edlt fIE|d Clear | | oK Cancel |

Cancel discards any changes to the
Expression measurement and reverts
back to the previous Expression.

Clear erases the current contents of the
expression edit field.

Measurement Channel

Expression measurements can reference the “measurement channel” (MC), which refers
to either the selected channel or a specific channel as set in the measurement channel
selection box within the graph window.

Negative sample offsets to MC are interpreted as returning the result of the Expression
from a prior step. Transformations and calculation channels achieve this as they replace
the contents of their destination channels sequentially. Measurements, however, do not
actually replace the data of their source channels. Expression measurements are actually
executed on a temporary copy of the channel data in memory. This implies that negative
indicies to the measurement channel are interpreted exactly the same for measurements
as for transformations and calculation channels even though the “transformed” data of the
measurement is not visible. Negative sample offsets to MC that refer to the sample
position prior to the leftmost sample of the selected area will always return zero.
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Evaluation Rules

When a new selection is made, the first step in evaluation searches through the
Expression measurement for any MMT () invocations. Any measurement whose value is
needed by MMT() is computed at this time prior to the Expression evaluation. This
behavior is similar to calculation channels and successfully allows measurements to the
right and bottom of the Expression measurement to be used in the expression.

The expression is subsequently evaluated from the leftmost sample in the selection to the
rightmost sample. It is evaluated at the waveform sampling rate of its source channel,
with one expression evaluation per sample contained within the selected area.
Interpolation is not used at the boundaries to maintain a consistent sample interval for the
expression. After each expression evaluation, the result is cached in memory for potential
negative MC result references.

The value of the final expression, the rightmost sample, becomes the result of the
measurement.

Circularity Detection

Expression measurements may reference other expression measurements or calculation
measurements by using the MMT () function in the expression. This raises the possibility
of circular dependencies being formed by the user if a measurement expression either
directly or indirectly needs its own value to compute a MMT() invocation. Circular
dependency checking will be in place at execution time and will result in an error.

To refer an Expression measurement to its own value, use the MC notation.

Error Reporting
The Expression measurement result will display the text “Error” if there are syntax errors
in the Expression measurement, errors computing measurements referenced by MMT (),
or a circularity.

Validation Tip To function correctly, Acqknowledge requires real-valued data. You are encouraged to

ensure that your expression results are real-valued. To test if a floating point number X is
a real-valued number, use the expression:

NOT(OR(ISINF(x), ISNAN(X)))

Note for variable sample rate processing:

The Expression and Waveform Math functions will constrain operations between waves of different rates as
follows:

If an equation is operating on two or more waves of different sample rates, the result of the operation will
always be output at the lowest sampling rate from the waves (Flow). If the destination channel for the result has
an assigned rate other than (Flow), the operation will not be permitted. If the destination channel is set to a new
channel, the operation will always be permitted.

In AcqKnowledge 4 and higher, all sources for Expressions and Waveform Math operations must be sampled at
the same waveform sampling rate.

VSR data padding—If the channels are of unequal length (as a result of variable sampling rate or waveform
editing), they will be padded for Append acquisition. Digital and Analog channels are stored as short integers by
default; a waveform paste into a digital or analog channel, however, will result in its underlying data being
converted to floating point. This will generate the “Abort/Replace” warning for pastes to Digital or Analog
channels since the data format has changed since the last acquisition.

Additionally, if an Analog or Digital channel is used as the source waveform for a Copy, it will also be converted
to floating point and will result in the “Abort/Replace” warning being generated.

Since Calculation channels are already floating point, pasting into them or copying from them will not change
their data format. The channels will be padded with their last value and the append will commence.

Waveform Cut operations do not change the underlying data format for Analog, Calculation, or Digital channels.
If only Waveform Cut is used, no data format conversion will occur and channels will be padded with their last
value and subsequent appends are allowed.
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Time

Time (in sec) of current evaluation step

Source Description Operator Operation
ACQLENGTH Calculation only Acquisition length from + Addition

Set Up Acquisition; keeps Appended .

segments the same whereas “Sample” - Subtraction

would increase with each segment. * Multiplication
CH Value of the designated channel (CHn) at / Division

the current evaluation step.

n Power

Primary Source Appears as PSC in the dialog. Refers to
Channel the data of the primary source channel of ( Open parentheses
metachannels only | a metachannel. ) Close parentheses

Sample

Sample index of evaluation step; the first
sample in the graph will always be
reported as a value of zero.

MC

Measurements only Value of the channel in
the measurement menu—either the
explicit channel or “SC"—at the current
evaluation step.

Pi

Value of pi (3.141592654...) to double-
precision accuracy.

SC

Transformation and measurement only Value
of the selected channel at the current
evaluation step; can still back-reference
samples points.

True

Evaluates to the value 1 (non-zero values
are interpreted as True)

False

Evaluates to the value 0

Segment Timer

Used as a source for the onscreen
Stopwatch gauge view.

Random Generates random white noise.
Gaussian Generates Gaussian white noise for
Random* startle responses. Returns a random

value from a Gaussian distribution.

*Standard Gaussian model; useful for peak fitting.
param(0)*EXP(-((TIME-param(1))/param(2))"2
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FUNCTION RESULT
ABS Returns the absolute value of each data point.
ACOS Computes the arc cosine of each data point in radians. (All trigonometric functions
use 'radians' as the unit of angle for input or output as appropriate.)
AND(X, Y, ...) Computes a logical “and” operation for its arguments. Accepts up to eight (8)
arguments and evaluates to
1 if all of its arguments are non-zero values.
0 if one of its arguments is zero.
ASIN Calculates the arc sine of each value in radians. (All trigonometric functions use
'radians' as the unit of angle for input or output as appropriate.)
ATAN Computes the arc tangent of each sample pointin radians. (All trigonometric
functions use 'radians' as the unit of angle for input or output as appropriate.)
CEIL(x) Computes the ceiling function (the closest integer larger than the value x).

COND(T, A, B, C)

Three-way conditional takes four arguments:
COND(test_expr, neg_test_value, zero_test value, pos_test_value)
Evaluates test_expr and if
< 0, returns neg_test_value
=0, returns zero_test_value
> 0, returns pos_test value

COos

Returns the cosine of each data point in radians. (All trigonometric functions use
'radians' as the unit of angle for input or output as appropriate.)

COSH

Computes the hyperbolic cosine of each selected value

EQUAL(X, Y, ...)

Performs a Logical equal (humerical comparison) of its arguments. Accepts up to
eight (8) arguments and evaluates to

1 if all of its arguments are equal.
0 if one of its arguments is not equal to the others.

EXP

Takes the eX power of each data point..

FLOOR(x)

Computes the floor function (the closest integer less than the value x).

IF(T, A, B)

Two-way conditional takes three arguments:
IF(test_expr, true_value_expr, false_value_expr)

The conditional evaluates test_expr and if
non-zero, returns true_value_expr
0, returns false_value_expr

ISINF(x)

Filters out infinities and unrepresentable numbers from data; important because
such values can cause erratic behavior in autoscaling and other operations. Use to
test whether any expressions have resulted in floating point overflow and have
generated numbers too large to be represented in the computer. Evaluates to

1 if x is inf, the floating point representation of infinity.

0 if x is NaN or a real-valued floating point number.

ISNAN(x)

“Is not a number” can be used to test whether any expressions have resulted in
floating point errors such as division by zero. Use to ensure that the output of
transformations and equations does not produce numbers that AcqKknowledge
cannot display. Evaluates to

1if x is NaN, the invalid floating point number.

0 if x is inf or a real-valued floating point number.

LESS(x, y)

Performs a numerical comparison of its arguments and evaluates to
lifxislessthany.
0 if x is greater than or equal to y.
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LOG Computes the natural logarithm of each value

LOG10 Returns the base 10 logarithm of each value

FUNCTION RESULT

MAXIMUM Returns the maximum value of all input arguments.

MiINIMUM Returns the minimum value of all input arguments.

NOT(x) Computes a logical negation of its argument. Evaluates to
1if x is zero.

0 if x is non-zero.

OR(x, Y, ...) Evaluates multiple variables; true if any are true. Computes a logical “or” operation
for its arguments. Accepts up to eight (8) arguments and evaluates to

1 if any one of its arguments is non-zero.
0 if all of its arguments are zero.

ROUND(X) Returns an integer closest in value to the argument. For example:
round (2.4) =2 round(2.5)=3 round(-1.5) =-1 round(-1.6) =-2

SIN Calculates the sine (in radians) of each data point. (All trigonometric functions use
'radians' as the unit of angle for input or output as appropriate.)

SINH Computes the hyperbolic sine for each sample point.

SGN Performs the ‘sgn’ sign extraction function. Evaluates 1 if x > 0, -1 if x =0, and O if x
=0.

SQR Squares each data point.

SQRT Takes the square root of each data point.

TAN Computes the tangent of each sample point in radians. (All trigonometric functions
use 'radians' as the unit of angle for input or output as appropriate.)

TANH Calculates the hyperbolic tangent of each sample point.

TRUNC(X) Removes the fractional part of the number and returns an integer. For example:

TRUNC(2.4)=2 TRUNC(2.5)=2 TRUNC(-1.5)=-1 TRUNC(-1.6)=-1

Note When used with scientific notation, TRUNC(x) applies only to the fractional
portion after the exponential factor is taken into account: TRUNC(2.93E+4) =
TRUNC(29300) = “29300.” Since 2.93e+4 (29,300) has no fractional portion,
the number is returned unchanged. Similarly, TRUNC(2.931245E+4) =
TRUNC(29312.45) = “29312.”

XOR(x, Y, ...) Logical exclusive OR; true if an odd number is true. Computes a logical “exclusive
or” for its arguments (e.g. “one or the other, but not both”). Accepts up to eight (8)
arguments and evaluates to
1 if an odd number of its arguments are non-zero.
0 if an even number of its arguments are non-zero or
if none of its arguments are non-zero.
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Delay Calculation

C0, Delay setup

sowce: [pcs 3]
sbel: [co-Deay
presets e =]

Delay

|samples E

samples

seconds
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Scaling
Channel C0, scaling
Input valts Map value
|-1o {-10]
|10 10
Urits label: Volts

% AcgKnowledge - [Untitled]
A ] 2] =]
] 40| detaT |

[ig

Delay setup dialog and resulting graph showing a 20 sample delay

This option allows you to use a Calculation channel to plot another channel lagged (delayed) by an arbitrary
interval. To have AcqgKnowledge apply a Delay Calculation in real time:

1. Choose Hardware > Set Up Data Acquisition > Channels.
2. Click the Calculation tab.

3. Check an Acquire box for the Calculation channel you want to contain the modified data. You may also

check the Plot and Values boxes as appropriate for each channel.

4. Click the Preset pull-down menu and select Delay.
5. Click the Setup button in the Input Channels dialog to generate the Delay dialog.
(Off-line Delay is available under Transform > Delay.)
The delay interval can be specified either in terms of samples or seconds. These types of plots are useful for
producing non-linear (“chaos”) plots in AcqKnowledge’s X/Y display mode (see page 38 for a description).

When a delay channel is recorded, there is a segment at the beginning of the Calculation channel (equal to the
value of the delay) that will read as 0 Volts. This is normal and occurs because the delay channel is waiting to
“catch up” with the original signal. AcqKnowledge fills this buffer with zeros until the delay channel begins to
plot actual data. In the example above, the delay channel contains a 0.25-second interval of zeros at the

beginning of data file.
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Control Calculation

AcqKnowledge - Control

C0, Control setup

Label: ICD - Control

Preset: Inone vI

Qutput: [DO |
—Threshold Function

f+ Qutside 1: = T Inside 1:

" Outside 2: = T Inside 2

Level (L2) ID.DDDDDDD
Lewel (L1) ID.DDDDDDD

New Preset. .. | oK I Cancel |

The Control function is used to output a digital pulse when the value for a specified input channel exceeds a
certain level, falls inside a given range, or falls outside a given range. This feature is unique in that the output is
on a digital channel (which ranges from 1/0 0 through I/O 15) rather than a Calculation channel. Also, unlike
other Calculation channels, this Control Calculation can only be performed in real time (i.e., while data is being
acquired) and cannot be performed in post acquisition mode.

In addition to outputting a signal on a digital channel, the Control Calculation will also plot an analog version of
the digital signal on the Calculation channel you specify. For instance, in the example below, Calculation
channel CO is used to perform a control function using analog channel 1 (Al) as an input and digital channel 0
(D0) as an output. In addition to outputting a pulse on DO, the setup below will also produce a plot on channel
40 (the first Calculation channel) that emulates the signal being output on digital channel 0. Since Calculations
are analog channels, the Calculation channel does not contain a “true” digital signal, but is a reasonably good
approximation. To retain the physical output generated by a Control channel, the output digital channel should
be looped back to another digital input channel of the Hardware unit and acquired as well as being connected to
any external devices. The calculation channel values are not guaranteed to precisely match the actual digital
output.

To have AcgKnowledge apply a Control Calculation in real time:
1. Choose Hardware > Set Up Data Acquisition > Channels.
2. Click the Calculation tab.

3. Check an Acquire box for the Calculation channel you want to contain the modified data. You may also
check the Plot and Values boxes as appropriate for each channel.

4. Click the Preset pull-down menu and select Control.

5. Click the Setup button in the Input Channels dialog to generate the Control dialog.
There are four parameters that need to be specified for each Control channel:

a) Source channel c) Type of threshold function

b) Output channel d) Threshold level values

“Source” refers to the input channel to be used for the Control function. As with other Calculation channels, the
Control function can use either an analog channel or another (lower) Calculation channel as an input. In the
previous example, analog channel 1 (Al) is used as the input channel. It is not possible to use a digital channel
as an input channel for a Control Calculation.
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The channel selected in the Output Channel section determines which digital channel the pulse will be sent to.
The digital channels range from 0 to 15 (DO through D15) and external devices can be connected as described
in the section on UIM100C connections in the Hardware Guide. In the sample dialog shown, the digital pulse is
sent over 1/O line DO.

Digital channels have two levels, 0 Volts and +5 Volts. When the signal transits from 0 Volts to 5 Volts, an
“edge” is created and since the signal is going from low to high, this is referred to as a positive edge. Similarly,
as the signal transits back from 5 Volts to 0, a negative edge is created. These transitions or edges can be used
to trigger external devices when an analog signal level meets certain threshold criteria.

The Threshold Function option sets the criteria for the Control channel. You can specify threshold conditions
such that the digital 1/0 line goes to +5 Volts when the conditions are met, or you can program the digital line
to go to 0 Volts when the threshold conditions are met. Threshold conditions can be set so that either (a) the
digital line is switched when the value of an analog channel exceeds a specified value or (b) the digital line is
switched when an analog channel falls within a given range. AcqKnowledge also allows you to create a single
level threshold or a “wide” threshold.

Tip  To use test conditions more complicated than simple thresholding, combine the conditional tests of
Expression calculations with the Control channel to change digital output based on the Expression
result.

For example, suppose you want to set a Control channel to switch digital line 5 from low to high whenever the
signal for Calculation channel one (CO) exceeds 85 BPM. Set the source channel to CO and the output to D5.
Select the upper right graph in the control dialog and set L2 and L1 to 85, as shown:

% AcgKnowledge - [Untitled]

I Y e = e R o [ O (=T
AcgKnowledge - Control [ [ac][e1]

C0, Control setup

=l g1 (A 1, Analog input

Label: I C0 - Control
Preset: Inone VI
Qutput: IDS VI

—Threshold Function

" Qutside 1: | % Inside 1:

" Qutside 2:

Level (L2) IBS.DDDDDDD
Level (L1} IBS.DDDDDDD

Mew Preset... | OK I Cancel |

Control dialog and graph showing result of BPM control example

As you can tell from the preceding graph, there are a number of instances where CO (heart rate) exceeds 85,
usually for a short period of time. When it does drop below 85, it appears to return to a value greater than 85
within a second or two. In instances such as this, it might be useful to “widen” the threshold so that the digital
line is triggered whenever the input value is greater than 85, but the signal must drop significantly below the
threshold value before the threshold is reset.

¥ € Inside 2:
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As another example, the upper threshold value (L2) is set to 85 and the lower threshold (L1) is set to 83, which
means that the threshold will not reset until the signal from the source channel drops below 83. In the following
example, the digital line is switched from low to high (from zero to +5 Volts) when the heart rate channel
exceeds 85, and stays at +5 Volts for several seconds even though the source channel drops below 85 (but
above 83). The digital line does not switch back to zero until the heart rate channel drops below 83 (toward the
end of the record). Once this occurs, the threshold is reset and the digital line will switch again the next time the
source channel exceeds 85 BPM.

Control Setup x|

C1.C1 - Contral

ELECERN C0, Heart Fate

Sample rate:  200.000 samples/sec
Output: 8] hd

— Threshold Function:

Lewvel [L2):

Lewel [L1]:

oK I Cancel |

Control dialog and graph showing control channel with “wide” threshold

It is also possible to have the digital line switch when the source channel drops below a certain value. In the
example below, a simple threshold is used to switch the digital line high each time the source channel drops
below 50 BPM. Since L2 and L1 are set to the same value, this is not a “wide” threshold (as above) and the
threshold resets each time the source channel goes above 50 BPM.

C0, Control setup

=l g1 (A 1, Analog input

Label: I C0 - Control
Preset: Inone - l
Qutput: IDS - l

—Threshold Function

" Qutside 1: ¥ € Inside 1:

" Qutside 2:

Level (L2) I 50.0000000
Level (L1} I 50.0000000

Mew Preset... | OK I Cancel |

Control dialog and graph showing control channel detecting source channel levels less than 50 BPM

These examples are only a few of the possible applications of the control channel using the two threshold icons
on the left-hand side of the Control Setup dialog. You can construct variations of these (i.e., switching the
digital line from low to high using a wide threshold whenever the source channel drops below a given channel)
that are not discussed above. Moreover, each of the options can be construed somewhat differently than they
have been presented here. For example, the previous example switches the digital line from low to high each
time the signal on the source channel drops below 50 BPM. Conversely, it also switches from high to low each
time the source channel value is greater than 50 BPM. This allows you to vary the default setting for the digital
channels (whether the default is zero or +5 Volts) depending on what types of devices are connected.

(For a description of how to connect various digital devices, see the section on UIM100C connections in the MP
Hardware Guide.)

| % Inside 2:
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In addition to setting “above and below” type thresholds, you can program the Control channel such that the
digital line is switched whenever the source channel falls within a given range or outside a specified range. In
the example that follows, digital line 15 is set to switch from zero to +5 Volts whenever the source channel
signal falls between the values entered in the L1 and L2 boxes. In this case, I/O is switched to +5 Volts
whenever the heart rate is greater than 60 BPM but less than 80 BPM.

Control Setup x|

C1, C1 - Control

Source: |00, Heart Rats d

Sample rate:  200.000 samplesisec

Output: (1} 7

Thieshald Function:

Level [L2)
Level [L1];

Cancel

Control dialog and graph showing control channel switching from

low to high when source channel is between 60 BPM and 80 BPM
You can also program the digital line to switch from high to low when the signal on the source channel falls
within a given range. This is equivalent to setting the digital line to shift from low to high when the source
channel values fall outside a given range (as shown below).

Control Setup x|

C1. C1 - Control

Sowce: |00, Heart Rate d

Sample rate: 200,000 samples/sec

Output; [al) hd

Thieshold Function:

Lewel [L2) Iag BPM
Lewel (L1); Ign EPM

Cancel

Control dialog and graph showing control channel switching from
high to low when source channel is between 60 BPM and 80 BPM
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Fourier Linear Combiners: FLC, WFLC, CWFLC Calculations

Fourier Linear Combiners are linear combinations of adaptable sinusoidal functions that are particularly well
suited to processing cyclic data. Sine and cosine are harmonics that are multiples of a base frequency that are
summed together, and the order is the fixed number of harmonics used in the model. Step size provides mu, the
gain factor used to adjust the weights of the harmonics at each processing step. Step sizes must be much less
than 1 for the system to converge. As step sizes decrease, relaxation time lengthens. The FLC model is adjusted
based on the source data using least means square (LMS) feedback and the bias compensates for DC offset.

To have AcgKnowledge apply an FLC Calculation in real time:
1. Choose Hardware > Set Up Data Acquisition > Channels.
2. Click the Calculation tab.

3. Check an Acquire box for the Calculation channel you want to contain the filtered data. You may also
check the Plot and Values boxes as appropriate for each channel.

4. Click the Preset pull-down menu and select FLC, WFLC, or CWFLC.
5. Click the Setup button in the Input Channels dialog to generate the appropriate dialog.
< For offline calculation, see FLC Transform options, including Scaled FLC, on page 288.

ourierinear Combiner Setup E Weighted-frequency Fourier Cinear Combiner Setup m
Destination Destination Ql'dEf: |15—
Channel co Channel co i
—WFLC Settings
Channel Label \cu -FLC Chanrel Label [Eo-wrLE
Source channel: |A3, ECG vl
Channel Prasst |FLC Channel Ereset [wric
Base frequency: I 30 Hz
Source |41, &nalog input | Source |1, &nalog input |
Sample ate: 200,000 samples/sec S ample rate: 200,000 samples/sec Ampiiude step size:[0.005
Freguency step size: ISeﬂ?’
Order: 15 Order: 15
Base hequency: EN Base hequency: 0 —FLC Settings
Step size: 0.005 Arnplitude step size: 0.005 Source channel: lm
I™ Include DL bias tsrm Frequency step size: Se 007 Amplitude step size: |0.005
Bias step size: I Include DL bias tem
| Cancel | EUERT EBEHRES [~ Indude DC bias term
‘ Cancel | EETTTy Bias step size: | 5e-07
—Output
Destination: |A3, ECG -
¥ Transform Entire Wave Cancel
Basic FLC Weighted-Frequency FLC Coupled WFLC/FLC
Simple summation of fixed Base frequency of the harmonics | Runs a WFLC on the signal to
numbers of sines and cosines; is variable; adapts the frequency | determine the harmonic frequency
uses harmonics of a fixed in response to the input signal and then runs the result through an
frequency and adjusts weighting using LMS feedback; the FLC using the computed harmonic.
coeffiicients of the mixture. frequencies are similarly adjusted

to the amplitudes.

Operates on a single channel at a | Operates on a single channel at a | The second FLC can be run on the

time. time. same or a different channel.
Well suited for extracting data of | Well suited for modeling periodic | Well suited for real-time extraction of
a known frequency band from a signals of an unknown and information from one signal based
signal with a stable frequency. potentially varying frequency upon the frequencies contained in
= Use as an adaptive noise filter | and/or amplitude. another signal.
to remove non-periodic and = No cycle boundaries or = Use to remove movement noise
semi-periodic noise frequencies need to be pre- from ECG.
uncorrelated to the base determined. = Unique configurations can be
harmonic frequency. established with two input signals,
one for frequency and one for
amplitude.
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Adaptive Filtering Calculation

Adaptive filtering is a signal processing technique that
processes two different signals in relation to one another

€3, Adaptive Filter setup and can be used for noise estimation, noise reduction,
Label: [C3 - Adaptive Filter general-purpose filtering, and signal separation. Adaptive
filtering creates efficient high-quality filters with a
Preset: |none = minimal number of terms, which can be very useful in
Order: [5 blocking mains interferences or other known periodic

disturbances.

Step size: |0.000000e+00 = Useful for noise filtering where it is possible to
Source channel: I.-!'.l, ECG | acquire a signal that is correlated to the noise (similar
_ to the way noise-cancelling headphones detect and
Noise channel: ~ [A10, EMG = remove outside noise). Applications include removing
e | Ok Cancel | EMG from ECG or EOG from EEG.

> See the Adaptive Filtering transform on
page 285.

To have AcgKnowledge apply an Adaptive Filtering Calculation in real time:
1. Choose Hardware > Set Up Data Acquisition > Channels.
2. Click the Calculation tab.

3. Check an Acquire box for the Calculation channel you want to contain the filtered data. You may also
check the Plot and Values boxes as appropriate for each channel.

4. Click the Preset pull-down menu and select Adaptive Filtering.
5. Click the Setup button in the Input Channels dialog to generate the Adaptive Filtering dialog.

The weights within an adaptive filter are modified on a step-by-step basis. AcqKnowledge uses the N-tap FIR
adaptive filter, with coefficients updated using least means squares (gradient) feedback.

Order Specify a positive integer for the number of terms to be used in the internal FIR filter.
Step size Provides mu, the rate of adaptation of the coefficients within the FIR filter.

Source channel  The source channel will be replaced by the adaptive filter results.

Noise channel The noise channel is the signal that is correlated with the noise to be eliminated from

the Source; it is not modified by adaptive filtering.
Source and Noise channels must have the same channel sampling rate (under Channel Set Up).

Comb Band Stop Filter Calculation

To have AcgKnowledge apply a Control Calculation in real time:
1. Choose Hardware > Set Up Data Acquisition > Channels.
2. Click the Calculation tab.

3. Check an Acquire box for the Calculation channel you want to contain the filtered data. You may also
check the Plot and Values boxes as appropriate for each channel.

4. Click the Preset pull-down menu and select Comb Band Stop.
5. Click the Setup button in the Input Channels dialog to generate the Comb Band Stop dialog.
See page 139 for details.

(Off-line Comb Band Stop filter is available under Transform > Digital Filters > Comb Band Stop. See page
285.)

Metachannel
See Metchannel details on page 123.

Visit the online support center at www.biopac.com
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Rescale Calculation

0, Rescale setup

Source: (LR

Label: ICEI - Rescale

Preset: Inone LI
Old units New units
my Volts

Paint 1: |1 —> |1

Paint 2: |0 —> [0

Mew Preset. .. | oK I Cancel |

Rescale applies two-point linear mapping and allows users to change the measurement units (for example, to
change temperature from Celsius to Fahrenheit). The text corresponding to the new units can be manually
entered.

To have AcgKnowledge apply a Rescale Calculation in real time:

1. Choose Hardware > Set Up Data Acquisition > Channels.
2. Click the Calculation tab.

3. Check an Acquire box for the Calculation channel you want to contain the filtered data. You may also
check the Plot and Values boxes as appropriate for each channel.

4. Click the Preset pull-down menu and select Rescale.
5. Click the Setup button in the Input Channels dialog to generate the Rescale dialog.
(Off-line Rescale is available under Transform > Rescale.)

e Use the Rescale transformation (after acquisition) to adjust forgotten calibration of analog channels or
reverse incorrect calibrations.

o A "Rescale" Automator action has been added to allow rescaling to be performed in workflows. The
Automator function is accessed from the Workflow menu in the Mac version of AcqKnowledge. (Not
applicable to Windows.)

The rescale formula is:

. Yioew™ Vola . Viaew™ Yoid
View— " Vo T\ Voew—— X

new o FEW new

xneu-'_ xo_-’a‘ | xnew_ Xo_-'a" /
Rescale Source  Displays the label and number of the selected channel.
Old Units Displays the values of the current vertical units of the channel

New Units Allows for manual entry of the new units to be used. The new units will be displayed in the
vertical units of the channel
Note Transform > Rescale: The units cannot be modified when transforming from the
selected area because it is not possible to display different vertical units for
different time ranges in the same channel.
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Slew Rate Limiter

Slew Rate Limiter is an effective tool for signal separating, denoising and removing motion artifact during and
after recording. The algorithm restricts the rate of change of a signal to a specific time window or sample width
window. The allowable amount of motion artifact over a given time/sample window can be precisely adjusted
from a minimum allowable change to a maximum allowable change, thereby eliminating artifacts that exceed
the selected amplitude range within a given time period.

The slew rate limiter algorithm restricts the rate of change of a signal to a specific window. If two different
types of signals with significantly differing rates of change are mixed together, limiting the allowable rate of
change of the mixed signal allows for signal separation by reducing the impact of a fast moving signal on a
slow one (and vice versa).

Assume a mixed signal y. Define a time window width w. Define the minimum allowable change in amplitude
over the time window w as and a maximum allowable change in amplitude as where.

The slew rate limiter may be applied in real time as an online calculation channel, or in post-processing via the
Transform menu (see page 307). As with all online and offline transformations, signal type settings can be saved
as custom presets by clicking the “New...” button and naming the new preset.

To have AcgKnowledge apply the Slew Rate Limiter in real time:
1. Choose Hardware > Set Up Data Acquisition > Channels.
2. Click the Calculation tab.

3. Check an Acquire box for the Calculation channel you want to contain the filtered data. You may also
check the Plot and Values boxes as appropriate for each channel.

Click the Preset pull down menu and select Slew Rate Limiter.

Click the Setup button in the Input Channels dialog to generate the Slew Rate Limiter setup dialog.
Set the desired time window to apply the slew rate limiter algorithm based on seconds or samples.
Set the minimum and maximum allowed change to adjust the sensitivity to motion artifact.

Click OK and run the acquisition. Any artifact that falls outside the boundaries of the
maximum/minimum allowed change setting will be eliminated from the recorded data.

See the YouTube video for a detailed demonstration of the Slew Rate Limiter.

O N O M
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AcgKnowledge - Filter - FIR

CO, Filter - FIR
Source: IA 1, BCG LI

Label: [0 - Filter - FIR
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Type: ILow pass - l
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f* Sampling rate / IB
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Filter - FIR

In AcgKnowledge 4.4 and higher, FIR Filters are available as an online calculation channel. Until recently, real-
time FIR filtering during acquisition wasn’t feasible due to processing power limitations, but these constraints
are no longer an issue for modern dual-core and quad-core processors.

Online FIR filters are similar to their offline transformation menu counterparts with the exception of the
following convention.

Delay at current settings: For FIR filtering in general, a delay is imposed on the output signal, and this
parameter shows the number of delay samples the current settings will introduce. If the number of coefficients
is fixed, the delay value will equal the number in the “Fixed” editable field. If the number of coefficients is set
to be optimized for sample rate and cutoff, the delay value will vary. The filter algorithm compensates for this
delay in order to assure proper alignment of filter output with the acquired signal.

When modifying the fixed number of coefficients or the frequency, the delay value is updated accordingly.
However, it should be noted that a close comparison between online and offline FIR filters will reveal that they
are not perfectly in phase, but out of phase by half of the imposed FIR calculation channel delay.

As in other AcqKnowledge calculation channel presets, any modified Filter — FIR setup can be saved as a
custom preset by selecting “New Preset.”

To have AcgKnowledge apply the Filter — FIR in real time:
1. Choose Hardware > Set Up Data Acquisition > Channels.
Click the Calculation tab.
Check the Acquire, Plot, and Values box for the Calculation channel to contain the filtered data.
Click the Preset pull down menu and select Filter — FIR.
Click the Setup button to generate the Filter — FIR settings dialog.

After starting acquisition, real time FIR filtering will appear in a dedicated calculation channel for the
duration of the recording.

o gk~ wbd

For specific details on the various FIR filter types, windowing, and recommended settings, see the offline Filter
— FIR Transform option on page 282.

See the YouTube video for a detailed demonstration of Filter — FIR.
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Chapter 7 Data Acquisition

. Data Acquisition Settings for "MP150 00060F
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Data Acquisition—The Basics

Once you have selected channels to be acquired (see Chapter 5 Channel Setup on page 109), the next step is
to set up the acquisition parameters. These options control the data collection rate, where data will be stored
during an acquisition, and the duration of each acquisition. Choose Hardware > Set Up Data Acquisition >
Length/Rate to generate the following options.

Storage Mode

At the top of the dialog are three popup menus that allow you to control a number of aspects for storing the data
from each acquisition.

Record/Record last allows you to control whether the software saves all the data or only the most recent
segment of the data.

= Record—the hardware will store data for the amount of time that is specified in the acquisition length
box. This is the default and is appropriate for almost all types of acquisitions.

» Record last—only available when acquisitions are set to “Save Once” using “Memory”—the hardware
will acquire data continuously, but will only store the most recent segment of data equivalent to the
duration in the acquisition length dialog. That is, if the value in the acquisition length box is 30 seconds
and record last is selected, the hardware will acquire data ad infinitum, but will only store the most recent
30 seconds of the data.

Save once/Autosave file/Append sets how the data is saved to a file. Append mode is the default setting..

= Save once—AcgKnowledge will begin an acquisition when the mouse is clicked on the start button, and
will stop either when the acquisition length has been reached or when the stop button is clicked with the
mouse.

= Autosave file —allows you to perform several acquisitions one after another, and save the data from each
acquisition in a separate file. When the Autosave option is selected, a File button will appear to the left of
the sample rate dialog. Click File to generate a standard Save dialog to enter the root file name for the
data from each acquisition. After you click Save in this dialog, another dialog is generated with options to
append an incrementing number, time (system clock), or date (system clock) to the filename: Media
functionality does not support the Autosave file acquisition mode.

=  Append —similar to ‘Save Once’, except that Append allows you stop and restart acquisitions at
arbitrary intervals. Append mode is unique in that clicking on the Stop button only pauses the acquisition,
which can then be restarted by clicking on the Start button.

Visit the online support center at www.biopac.com
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In Append mode, each time an acquisition is ~ llsegment3 4pl
restarted, an append event is inserted into the | = = 1]
recording. Append events can be configured
to include user-defined labels and time/date
stamps via the Segment Labels setup (see
page 236). Although you can pause for any

4.00

2.00

period of time, the Hardware will only g g
acquire data for the amount of time indicated E 0.00

in the Acquisition Length box. Data can be

acquired in Append mode while being saved .

to memory, disk, or the MP hardware unit ' o

but not in Averaging mode).
( ang ) Sample data Acquired in “Append’ mode.

Events indicate where Acquisition was paused.

Appended segments can be stored to disk, memory, or MP150. (MP36R, BioHarness, Mobita, or B-Alert
does not support data storage to the hardware unit.)

» Append to Disk: In this mode, it is usually best to record all channels at the same rate. If the user
stops the acquisition, the length will be the same for all channels—so the next segment of appended
data will neatly link onto the end of the existing record.

= Any existing AcgKnowledge 4 can be appended. Change the acquisition mode to Append; any of
the storage options are applicable

= Append to disk requires AcqgKnowledge 4 format files. If you open any other file format, you will
be prompted to translate the file.

» Append to Memory: In this mode, data is appended to the “uneven” waves in the same manner as
described for Append to Disk. When channels are sampled at different rates, this mode will respond
faster than Append to Disk because the data files are already in memory so the software does not have
to rewrite all the data files in the graph.

ﬂl A Reset button is generated in the Set Up Acquisition dialog when Append is selected. Click
the Reset button to erase the acquired data file and start a fresh acquisition file (this is
essentially the same as saying yes to an “Overwrite existing data?” prompt).
The Rewind button to the right of the Start/Stop button will delete the last recorded segment.
Ctrl-Rewind (Windows) or Option-Rewind (Mac OS X) will delete all recorded segments
(similar to the Reset button).

Append plus external trigger

Appended segments can be started with an external or internal trigger. The experiment can be
tailored to start at points of interest by applying a trigger. See Triggering details on page 173.

Append plus Variable Sampling Rates
If the mode is started and stopped manually, it is statistically possible that, prior to the next pass
of the Append, extra data points may be inserted in various data channels to “line up” the data
(see sample on page 113). These extra data points simply replicate the last sample in any
affected channel. To minimize the impact of the extra data points, make sure the lowest
sampling rate is on the order of 10 Hz or higher, or don’t use VSR.
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Disk/Memory/MP/Averaging determines where to store data during an acquisition. Once data has been
acquired and is stored in a file, it is stored on a hard disk or other similar device. There are a number of options
for storing data during an acquisition. The best choice as to where data should be stored during an acquisition
depends in large part on the nature of the acquisition itself, and the type of computer being used.

= Memory stores data in computer memory during an acquisition. After the acquisition is finished you will
have to select Save As... from the File menu to permanently save this to your computer’s hard disk. This
usually allows for faster acquisition rates, although most computers have less available RAM than disk
space.

= Disk saves data directly to the computer’s hard disk during an acquisition. Disk mode is fast enough (in
terms of maximum sampling rate) for many applications, especially when only a few channels are being
acquired. Saving data to Disk also allows for longer acquisitions. A final advantage of saving data directly
to Disk is that if there is a system failure (including power outage), all the data collected up to that point is
saved on disk and can normally be recovered, whereas the data is deleted if it is being saved to computer
memory.

IMPORTANT—When saving files to Disk, always be sure to save your files under a different name
BEFORE you start each acquisition. Otherwise, any previous data in that file will be overwritten.
In Memory mode, simply save the file after the acquisition.

= MP150 stores a small amount of data on the hardware itself. The MP150 is limited only by internal
memory, with storage estimated at 4 MB and 400 kHz aggregate sampling rate.

Obviously, data cannot be sampled this fast for a very long period of time if it is to be stored in the
hardware. Also, as more and more channels are acquired, the duration of acquisition to the hardware unit
will shorten. Data stored to the hardware is not plotted on the screen as it is being acquired, but will
automatically be plotted on the screen as soon as the acquisition is terminated.

= Averaging is used exclusively for acquisitions involving repeated trials; see page 162.
Acquisition Sample Rate

The value in the box labeled “Sample rate” indicates how many samples the hardware should take per channel
during each second of data acquisition. The sample rate can be changed by clicking on the pull-down menu.
Individual channels can be down-sampled (variable sample rates), on the channel pane of the Data Acquisition
Settings dialog. The down-sampled or channel sample rates are limited to specific power of 2 less than the
acquisition sample rate; for example, If the acquisition sample rate is 100 samples/seconds, then the available
channel samples rate are 100, 50, 25, 12.5, etc.

Depending on the nature of the data being acquired, the “best” choice in terms of sampling rate will vary.
Technically speaking, the minimum sampling rate should be at least twice the highest frequency component of
interest. This means that if the phenomenon you are interested in observing has frequency components (which
are of interest) of 100 Hz, you should sample at least 200 times per second. Fourier analysis (FFT) can be used
to determine what frequency components are present in the data (see page 314 for a more detailed description of
the FFT function).

- TIP: A good rule of thumb is to set the sampling rate to at least three to four times the highest
z frequency component of interest.

BURER

7

In less technical terms, lower sampling rates can be used for data with slowly changing values (e.g. respiration,
EDA, GSR), whereas higher sampling rates should be set for data where values change markedly in magnitude
or direction (e.g. ECG, EEG, evoked response).

The maximum allowable sampling rate will automatically adjust itself according to the storage mode, how
many channels are being acquired in the channel setup window and the type of computer being used.

If data is being stored to disk or computer memory (RAM) during an acquisition set to a sample rate that is too
high, the acquisition will begin normally, but Acqknowledge will stop the acquisition and display a message
indicating that the acquisition buffer has overflowed. The data up to this point has been saved, and acquisition
or channel settings should be adjusted; lower sampling rate; shorter length or fewer channels

The sample ECG waveforms below illustrate the effect of different sampling rates on quality of data. Each
black dot corresponds to a sample point.

Visit the online support center at www.biopac.com
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= Top waveform: data is sampled relatively slowly; difficult to make out the shape of the waveform.

= Bottom waveform: sampled at a relatively high rate; increased resolution of the waveform. Waveform
components that were obscured at slow sampling rates are now well defined, and measurements taken on
this waveform would be able to better establish the maximum amplitude, time between different ECG
complexes, etc.

Representation of ECG waveform sampled
with relatively few samples per second
“True” ECG wave is superimposed over dots
that indicate sample points.

Representation of same ECG waveform
sampled at a relatively higher sampling rate.

As shown, under-sampling completely misses the QRS complex of this waveform, although it might detect
components of the QRS in subsequent beats. Although this is an extreme example of how under-sampling can
affect digitally processed data, it is important to note that the rate at which data is sampled has important
implications for the interpretation and analysis of data.
Acquisition length
To set the duration of an acquisition, enter a number in the acquisition length box. By default, 3600 seconds of
data will be recorded. Select the length units from the popup menu to the right of the length box. The units are
milliseconds, seconds, minutes, hours, or samples. Changing this option will not change the length of the
acquisition, only the units used to describe it. Thus you can describe the same acquisition as lasting 30 seconds,
or 0.5 minutes, or 30,000 milliseconds. Scaling the duration of an acquisition in terms of samples is essentially
the same as the time scaling options, except the length of the acquisition will be expressed in the total number
of samples to be collected on one channel.
Regardless of what units you use to determine the length of acquisition, AcgKnowledge will end an acquisition
when the value in the total length box is reached. The acquisition can be halted at any time by clicking the
“Stop” button.
Multiple Hardware
AcgKnowledge can be used with multiple data acquisition units to:

= Control multiple, independent experiments on one computer

= Increase the total number of channels used for a single experiment (e.g., 32-channel EEG)
To synchronize the Start of multiple units, use the External Trigger function.

To combine nearly unlimited channels of data into one file, use the Merge Graphs feature (see page 272).
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To show/hide the “Connect to:” information, go to Display > Show > and toggle the “Hardware” option, or

=
select this item from the “Show/Hide” popup menu .

To switch the hardware unit
associated with a graph
window, click the “Connect

to” box and select an available

unit or choose Add New
Device. Different hardware
types may be added and
consolidated in the list by
selecting ‘Add New Device.’

The ‘Choose MP150’ dialog
shows the MP150 units
residing on a local network.
(Network functionality is
limited to MP150 hardware
only.)

Click the Help... button to
open a troubleshooting guide
for communication problems.
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Averaging (MP150 Hardware only)

Overview

In some instances, the signal of interest does not stand out against the background or ambient noise (the level of
ambient noise exceeds the signal produced by the object of interest), and the only way to detect the signal of
interest is to perform repeated trials as part of one acquisition, and average the trials together. Since the “noise”
associated with the signal is assumed to be random, and the “signal” is assumed to be systematic, the noise
should approach zero as the individual trials are averaged together.

Visit the online support center at www.biopac.com
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(middle), which results in the bottom waveform over 2,000 trials to produce the lower waveform.

when measured in standard Acquisition mode

Typically, any averaging acquisition consists of three general components:
() the stimulus signal
(b) the duration of the acquired data, and
(c) asmall amount of processing time (or overhead) that takes place between acquisitions.

The duration of the stimulus signal and the duration of data to be acquired can be set by the user. The amount of
overhead required is a function of the acquisition length, the sampling rate, and the number of channels being
averaged.

Acquisition length

Overhead

il

Stimulus signal

| Latency |
[ 1
Stimulus signal usually some sort of pure tone or pulse; occurs at the beginning or during
each trial.
Acquisition length refers to the amount of data to be acquired during each trial.
Overhead refers to a period of time after data has been acquired that is needed to
perform the mathematical averaging.
Latency refers to the total time elapsed between the start of one trial and the start of

the subsequent trial.

Important usage notes
= The maximum length of a single averaging pass is restricted to 2 seconds; if longer averaging passes
are required, use regular data acquisition and use the Ensemble Average offline analysis option to
generate averages in post-processing.
= The preferred hardware setup for on-line averaging mode is direct connection to the MP150 via
cross-over cable. To improve stability, avoid interruptions during acquisition:

e Do not access top-level menus (File, Edit, Transform, etc.) or generate popup dialogs (Setup...).
e Avoid running other programs—helps ensure that required system resources (processor time,
memory, and network throughput) remain available.
o |f the MP150 is connected over a network, avoid running applications that consume network traffic
(Internet Explorer, mail client, media player)—these may interrupt/delay communication to the MP150.
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Averaging Setup
For Advanced Averaging, see page 165
To set up Averaging:
1. Choose MP150 > Set Up Data
Acquisition > Length/Rate and select
“using Averaging” option.
2. Click the Setup button to generate
the Averaging options dialog.
3. Set the Averaging options as detailed
below.

4. Click OK to close out of the dialog.
5. Set the Stimulus (see page 176).

6. Use the buttons in the graph window
to Start or Stop the averaging
acquisition.

Online averaging progress bar

An online status bar is added to graph
windows in AcgKnowledge 4 when online
averaging acquisitions are in progress. The
status bar displays the number of averaging
passes that have been completed and the
number of passes that have been rejected by
the MP150 firmware. This is similar to the
text displayed in the status area of Windows
AcgKnowledge 3.9.1 and earlier.

Averaging Options

Averages

Select the number of trials to perform from the pull-down menu, to a maximum of 10,000.
Latency

Latency is the total time from the start of one trial/average to the next; it includes the time for stimulus signal,
acquisition and overhead. As general rule, set latency to three times acquisition length plus any experimental
delays, for example allowing the subject’s signal to return to the baseline. The default setting for latency is 100
msec.

If the latency is set to a value too short to allow for averaging to take place, an Acquisition Warning will be
generated:

x| = Adj Latency: automatically adjust the latency

to the shortest possible value that still allows

The averaging latency iz too shart for the acquisition for data to be acquired and processed.

length. *Y'ou can have Acqbnowledge automatically .

adiust the length or latency or abort the acquisition. = Adj Length: reduce the amount of data
acquired without changing the latency.

I—Iﬁdi Latency Adi Length Abort = Abort: return to the graph window without any
data being collected.
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External trigger

To initiate a trial from an External Trigger signal enable the Ext Trigger in the Averaging options dialog as well
as the Positive or Negative Edge. The trigger can be set up in the Trigger pane of the Data Acquisition Setting
dialog. See page 173.

Artifact rejection

Occasionally during an acquisition, extreme levels of unwanted signal artifact may be present. Checking artifact
rejection allows you to determine what signal levels constitute artifact, and have the MP System reject these
trials. When artifact rejection is enabled, the MP System will ignore any trials that contain signals exceeding the
artifact rejection thresholds, keep track of how many trials have been rejected, and add that number of trials to
the total number of trials to be acquired. This allows a user to “re-try” a trial that was rejected due to the
presence of artifact.

To set these parameters, you need to set a high threshold and a low threshold. Both thresholds refer to the scale
limits (normally £10 Volts). If the high and low artifact rejection thresholds are set to 80% and 30%
(respectively), the MP System will reject any trial where the signal exceeds +8 Volts or -3 Volts.

When the channel scaling feature is used to change the range of Map (Scale) values to something other than £10
Volts, the artifact rejection formula for symmetrical limits is: y = ((2-PV)/100)-x — PV

where y = voltage threshold
PV = Peak Value
x = percent threshold (whole number)
If non-symmetrical limits are used, the following equation is used: y = ((V1-V2)/100)-x + V2
where y = voltage threshold
V1 = Higher Peak Value
V2 = Lower Peak Value
x = percent threshold (whole number)

Enable Channels

To add analog channels to the average, check ~Enable———
additional channels in the Enable list. M CH1 [T cHE [—
= Channels must be set to “Acquire” under T CHz I CH o Flat
Hardware > Set Up Data Acqusition > [ 'CH2 [ CHT ‘~'“-3|HEESh e
Channels to be selectable here; otherwise the [T CH4 [J/CcH12
channel box will be grayed out. [CicHE [T CH13 M Coal
[ICHE ITICHT4 Frre az
[C'cH? [TICHG Mo A
[CcHe8 [T CHITE

Stimulus Signal

Although AcgKnowledge does not require a stimulus signal to be output for Averaging trials, most applications
that use signal averaging make use of a stimulus signal. Digital stimuli (i.e., clicks) or analog stimuli (i.e., tones,
pulses, and arbitrary waveforms) may be output.

In almost all cases, the most convenient way to output a stimulus signal is to output a predefined wave on
analog output channel A0 and/or Al. You can create pulse waveforms, tone waveforms, ramp waveforms, and
arbitrarily shaped analog waveforms. Use MP150 menu > Stimulator Setup to set all of the stimulus output
functions (see page 176).

When you start Averaging, the Start button turns to Averaging status and the green dot turns to “A” to indicate
that Averaging is in process.

Advanced Averaging—P300

Advanced averaging can be used to set up P300 protocols. A sample P300 setup is included in the Samples
folder.

To set up Advanced Averaging:
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Open two or more graph files.
Use Set up Acquisition to set each graph file for Averaging (see page 162).
Click the Averaging Setup button and set Averaging Options as desired for each graph file.

= Advanced Averaging will use the defaults if you choose not to set Averaging Options for
Latency, Artifact Rejection, or Enabled channels.

Use Setup Stimulator to establish the desired stimulus output for each graph file (see page 176).
= Set the Output channel to the same channel (Al or AO) for all graph files.
= Set the Stimulator Output to During Averaging Pass (recommended).

Save each graph file with an appropriate name.

Choose MP150 > Set Up Advanced Averaging.

| MP150 Window Help Media This menu option is only enabled if two or more open

Set Up Data Acquisition. .. graphs are set to Averaging.
C SetlUp Advanced Averaging...)

Set the Advanced Averaging options:

a. Averages: Select the number of averages from the
pull-down menu (max 10,000).

b. Graph: Assign a Graph from the pull-down menu of
open graph files. Up to eight graph files can be used in
Advanced Averaging.

c. Trial distribution: Use the slider to assign a percentage
for each graph; the total will adjust to 100%

Note The software counts 0 as 1, so the percentage of
the active graph should be entered as one less
than the desired output (for 50% enter 49%).

Click the Start button in the Advanced Averaging setup dialog to begin acquisition.

Review the status in the “Completed” bar that is activated when Start is pressed and/or in the status
display at the bottom of the AcqKnowledge software window.

Sto Completed: 10% 5
i ompleted: |} M T aGo 45 Avg 4 Rep O

stop Completed:
Save each graph file.

Make sure that the Graph names are correct in the Advanced Averaging setup dialog, and click
“Yes”save the setup as an Averaging file.

File name: | Triall.zae j

Save as type: I.ﬁ.dvanced Averaging Experiment {*.aze *.avg) j

Falders | Save Cancel |

Visit the online support center at www.biopac.com
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Repeating

Use the Repeat mode to acquire data from repeated trials using the same parameters for each trial. Checking the
Repeat every box at the bottom of the acquisition setup dialog enables two additional popup menus at the
bottom of the dialog. These allow for control of how many times an acquisition will repeat as well as the
interval between trials. When this is unchecked, the acquisitions will repeat as soon as possible (usually
instantaneously, but slightly longer if data must be saved to a file between trials).

¥ Repeatevery |15.|:||:||:||:||:| Ise-:cunds j Iﬁ:nr ;I IB times
minutes | forever
hours

Interval ~ The entry to the right of the “Repeat every” checkbox tells AcgKnowledge how long to pause
between the start of one acquisition and the beginning of the next acquisition. This can be scaled in
terms of seconds, minutes, or hours using the first popup menu.

It is important to note that this value measures the interval between the start of two adjacent trials,
rather than the interval between the end of one trial and the start of the subsequent trial. If the repeat
interval is set for 15 minutes and the acquisition length is set to 60 seconds, then there will be a 14-
minute pause between the end of the one trial and the beginning of the next.

Trials Set how many trials to acquire:
for perform a finite number of trials; enter the number of trials to acquire in the “times” field.

forever  perform an infinite number of trials. Trials will be repeated at the specified interval until
the acquisition is stopped either by clicking on the stop button in the graph window or if
there is not enough free memory on the target storage device.

Regardless of which options are checked, data for each trial is acquired according to the acquisition parameters
specified in the dialog. In the above example, each trial of data will be sampled at 50 Hz and will last 1 minute;
the trials will be repeated every 15 minutes for a total of 8 trials.

Selecting the option to Record and Save Once to Disk/Memory will overwrite the previous collected data.
However a warning will appear unless the “Warn on Overwrite” option is disabled. Another option is to select
Autosave file from the Save once/Autosave file/Append option. When the repeating option is checked and
Autosave is selected, AcgKnowledge will save the data from each trial using the file name and extension
indicated by the autosave feature. See page 158 for a more detailed description of Autosave.
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Setup Channel Options

Channel

Acquire

Plot

Valua

Default

TIP
Label

Presets

=

Setup

Setup...

The Channel column contains the alpha-numeric channel numbers. “Analog” (or
continuous) input channels begin with “CH” and run from CH1-CH4 for MP36R and
Al1-Al6 for MP150. “Digital” input channels begin with “D” and run from D1-D8.
“Calculation” channels begin with “C” and run from C0-C15.

Use the scroll button 2% to set up additional Digital or Calculation channels.

When the Acquire Data box is checked for a given channel, data will be collected on
that channel.

If Plot on Screen is also checked, data will be plotted on screen in real-time during the
acquisition. If the plot box is unchecked, data will still be recorded for that channel, but
the waveform display will be disabled. To display the waveform plot during or after
acquisition, show the channel. (Alt+click the channel box above the graph.)

Checking the Value box means that you can choose to display (numerically and/or
graphically) the values for each channel in real time. To display the values, you must
also select Show Input Values (via the Hardware menu). Input values are displayed in a
separate window from the main graph window.

For MP36R, the default is to collect one channel of data on analog channel 1 (CH1), and
to plot and enable value display for this channel. For MP150, a channel must be enabled
by choosing “acquire” prior to recording, if “View by Channels” mode is used.

Usually, you will want to check all three boxes for each channel you acquire data on.

The Label entry for each channel allows you to type in up to 49 characters to identify the
channel.

Clicking on the Presets button will generate a menu of available presets for the channel.
Presets for common applications configure the hardware gain, filters, etc.

» For a detailed summary of Analog Input channel, Digital Input channel, and
Calculation channel options see the Presets section beginning on page 122.

To Change Parameters for a Preset, click the Setup... button. If you change the
parameters, you have the option of creating a New Channel Preset to make the
established parameters available to other channels.

If you make a change to a preset and start recording in the Append mode, you will be prompted as follows.
Choose Abort, save your data, and then change the presets to acquire as a new data file.

Acquisition Warning x|

You have changed acguisition parameters which
cannot be changed wwhen appending data. ¥ou can
reset the parametetrs or replace the existing data.

Rewvert

Replace | Abor

Visit the online support center at www.biopac.com
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Starting an acquisition

After setting up the channels and defining the acquisition parameters, you are ready to start the acquisition. If a
file window is not already open, choose File > New to generate a graph window.

In the lower corner of the screen, next to the s % button, you should see a button with a circle to the left
of it. The circle indicates the status of the communication link between your computer and the hardware. If the
unit is properly connected to the computer and is turned on, the circle should be solid and green. If the unit is
not properly connected, a solid gray circle will appear.

.. .. Start . .

Start the acquisition by clicking the == button or by selecting “Ctrl + Spacebar.” If there are no input
devices (e.g., electrodes or transducers) connected to the hardware, it will collect a small value of random signal
“noise” with a mean of about 0.0 Volts.

» For information on how to connect measurement devices to the MP36R, see the BSL Hardware Guide.
» You may also start an acquisition using a variety of “triggers,” which are discussed on page 173.

% Star Stop

Once acquisition starts, the = button in the acquisition window changes to i . The two
opposing arrows to the right of the button indicate that data is being collected. Also, the “Busy” status indicator
light on the front of the MP150/MP36R will illuminate, showing that data is being collected.

Stopping an Acquisition

. . . + | Stop . .
To stop an acquisition at any time, click the button in the lower right corner of the screen or select
“Ctrl + Spacebar.” An acquisition will stop automatically when it has recorded an amount of data equal to the
Acquisition Length entry.

Rewind

E The Rewind button to the right of the Start/Stop button allows you to erase the last recorded data segment
and continue to append data to the existing data file. This function will erase the last segment along with the
Append Event [e] for that segment; the application will keep track of Append Event labels, so that the label
always matches the segment number.

x

This action cannot be undone,

Once the appended segment of data is
removed, it will not be possible to
recover it. Are you sure?

Yes Mo

If the “Warn on Overwrite” option is active, a warning dialog will be generated before the segment is deleted.
Saving acquisition data
To save a data file, pull-down the File menu and choose the Save command.
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Timers (Stop watches and Elapsed timers)

The Timers function allows for easy visualization and measurement of elapsed time within the AcqKnowledge
user interface, and consists of a simple toolbar display. Timers can be helpful when actions need to be
performed at specific intervals prior to and during an experiment. The Timers function provides an easy-to-read
digital display in the toolbar region, and supports the creation of multiple timers, which can be added or
removed as needed.

Timer Types

There are two main types of timers, acquisition controlled (“elapsed” timers™) and independent timers (*“stop
watches”). Manual “stop watch” timers can be used at any point for tracking time independently of acquisition,
while elapsed timers are tied to a recording in progress and unavailable unless an acquisition is running.

Independent Timers (Stop watches)

Independent timers are manually started and stopped, and have a countdown feature with an audible alarm and
flasher. Multiple timers can be added to the toolbar region, and can be started and stopped independently. Pause
mode is not supported. Although the timer can be stopped at any time, restarting it resets the timer back to
0:00:00.

Elapsed Timers (Acquisition controlled)

Elapsed timers start when the acquisition “Start” button is clicked and continue counting for the set duration of
the recording, or until the acquisition “Stop” button is clicked. When acquiring in Append mode, the elapsed
timer is reset at the beginning of each new segment. Any trigger or delay time applied between segments is not
included in the elapsed time. Multiple elapsed timers can be added to the toolbar region. This mode does not
support the countdown or alarm feature.

To set up a timer:

[
1. Display > Show > Timers or click the Show/Hide toolbar button and choose “Timers,”
2. The timer toolbar will appear as shown below:

| =] 00:00:00

3. The elapsed timer option is enabled by default. If only a single elapsed timer (acquisition
controlled) is desired, simply start the acquisition and the timer will start automatically.

4. If an independent timer (stop watch) is desired, right click on the numbers portion of the timer
toolbar and choose “Settings.” In the Timer Settings, choose “Independent start” and click OK.

To start/stop independent timers: Click on the toolbar number display to toggle start/stop, or right click on
the toolbar number display and choose “Start timer” or “Stop timer” (see figure below).

To set up multiple timers:

Click the Timers toolbar icon and choose the desired timer type. Repeated clicking on a timer
option will create additional timers of that type, which will appear in the timer toolbar region.

H_ﬁﬂl N0-0N-N0 N0-1 Hgl 00:00:00 00:00:00 00:00:00

- Create stop watches -

Fll
mn

=at Hrigr

Create elapsed timer

Settings...
——  Create alarm T P
To set an alarm:
1. Click the Timers toolbar icon and choose “Create alarm.” @ Independent start
2. Right click on the numbers display portion of the new alarm ¥ Countdown tmer [00:01:10 =]
and choose “Settings.”
¥ Sound alarm |5

3. Set the desired time in the “Countdown timer” field.
4. Check “Sound alarm” and “Blink upon alarm.”
NOTE: These settings will remain the default for subsequent alarms until the settings are changed.

v Blink upon alarm

Visit the online support center at www.biopac.com
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Overview of Timer Settings
l Timer Settings

171

2

Timer name: I'I'lmer on CO2, 02 and airflow.acg

—Timers
" Start timer with acquisition:
C02, 02 and airflow test.acg

f+ Independent start

¥ Countdown timer II:II:I:I:ID:DD 3:

¥ Sound alarm |5

¥ Blink upon alarm

times

rDisplay
Font: ~ HH:MM:5S

Font family | MS Shel Dig 2

[ Indude fractional seconds

Font size I 14 'I change color. .. |

Cancel | oK I

CONTROL

DESCRIPTION

Timer name:

Field for assigning name to timer.

Start timer with acquisition:

Timer will start and stop with data recording only.

Independent start

Timer is started and stopped manually, independent of acquisition
status.

Countdown timer

Sets the countdown time duration.

Sound alarm

Selects the audible alarm option and specifies the number of times
the alarm will sound.

Blink upon alarm

Enables the timer numbers to flash on and off when the countdown
is complete.

Display > Font family: > Font size >
change color

Selects timer font style, size and color.

Include fractional seconds

Sets option to display 1/100ths of a second in timer display.

All parameters established in the Timer Settings are retained in saved graphs and graph templates.

Electrode Checker

The Electrode Checker, in conjunction with the MP36R unit, measures how well electrodes are making
contact with the surface of the skin. To use this feature:

1) Attach the electrodes as you normally would.
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2) Connect the electrodes to an electrode lead set (such as the SS2LB).

3) Instead of connecting the electrodes to one of the four analog inputs, connect the Simple Sensor end
of the electrode lead to the Electrode Check port on the front of the MP36R acquisition unit.

4) Click the MP36 menu and scroll down to select Electrode Checker.

This will generate a small “thermometer-like” display. At the bottom of the display you should see a number
with kQ (Kohms) symbol after it. This value describes the impedance of the electrode/skin contact, with lower
numbers being associated with better conductivity. The better the conductivity, the “cleaner” the signal

displayed on the screen. If the MP36R is off or no nothing is connected to the “Electrode Checker” on the
MP36R unit, the Electrode Checker display will say “OFF.”

G55 kD 5.38 kD w5

Poor contact Good contact Off

TIP While there are few absolutes as to what constitutes “good” contact, one rule of thumb is that this
number should be below 10 kQ, and the lower the better.

TIP To decrease the impedance of an electrode connection, you may want to “abrade” the surface of the
skin with an abrasive pad (such as ELPAD). This removes a thin layer of dead skin cells and
should result in a signal that has relatively little noise.

Visit the online support center at www.biopac.com
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Chapter 8  Set Up Triggering

During a normal acquisition, the hardware will begin collecting data as soon as the Start button is clicked. It is
also possible to begin an acquisition in a delayed fashion using a trigger. Using this feature enables an
acquisition to start “on cue” from a variety of different trigger sources. All trigger options are configured in the
Set Up Triggering dialog, which is accessed via MP menu> Set Up Data Acquisition > Trigger. By default,
the trigger is Off. Other options can be selected from the popup menu in the Trigger Setup dialog. To begin an
acquisition with a trigger, first choose the trigger options most appropriate for the experiment and then click the
Start button. After the Start button has been pressed, data will be acquired as soon as the trigger is activated.
There are two general types of trigger sources: digital channels and analog channels.

Digital Triggers (MP150 only)

Digital channels are channels that contain binary
(either/or) data as typified by a switch being either open or
closed. This type of data can be acquired from a push-
button switch or other device that produces an on/off
pulse. For instance, it is sometimes useful to have an
acquisition begin when a subject presses a button or when -
a signal generator sends out a pulse. These are typical
digital signals and the trigger devices that emit these
signals can be connected via the UIM100C. Most stimulus
generators are equipped to output a digital pulse
simultaneously with the stimulus signal. S

In a simple trigger design, an external switch is connected L
to the TRIG and GND D input as shown above. Since this
switch will be either open or closed, the data will be e e—]

digital and have two levels, +5 Volts and 0 Volts. A value oo e

Pushbutton

o/ 1vLIoIa m
J

~NouhAWNRO
[ X AR NX R XX J

of +5 Volts is interpreted as a binary 1, and a level of 0 >, 1% E
Volts is interpreted as a binary 0. In the setup above, when g u e
the switch is closed (i.e., the button is pressed) the signal -
changed from +5 Volts to 0 Volts, creating a transition or C e
“edge." +12V @
GNDA e
If the trigger is set to external, and the edge is set to ¢ zvoe
positive, the acquisition will begin as soon as the push- +5 Volts

button is pressed anytime after the start button in the graph N .
window is pressed. Once the button is pressed, the Positive 3 ¢ Negative
acquisition will proceed according to the acquisition edge edge

parameters you have set (acquisition length, sampling rate, _
and the like). 0 Volts 0 Volts
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Analog Triggers

Initiate an acquisition when an analog channel reaches a certain level. To enable the analog trigger feature, data
must be acquired to either memory or disk, and a value must be entered in the Delay box (although the delay
may be set to zero). The channel containing the data to be used as a trigger does not require the
acquire/plot/values boxes to be checked in the Set Up Channels dialog. Leaving these boxes unchecked will
allow the incoming data to trigger an acquisition but will not cause the trigger channel to be acquired or plotted.

Select Hardware > Set Up Data Acquisition > Trigger to generate the Trigger dialog:

MP150 Triggering options

MP36R Triggering options

External: Select for Digital Trigger.

CH #: Select for Analog Trigger; must be acquiring to Memory or Disk. Specify the analog
channel that contains the trigger data and then specify a voltage Level to initiate the trigger.
Acquisition will begin when the data on the specified channel reaches the specified Level.

= To trigger an acquisition when an ECG wave on analog channel 1 reaches a certain voltage
or value, you would set “Source” to CH 1 and then set the Level when the entry box is
enabled.

= Triggering from an analog channel requires oversampling by a factor of 4, which ensures
that the trigger signal will not be missed. The sampling rate can be adjusted in the Set Up
Data Acquisition > Length/Rate dialog.

0 For example, an initial sampling rate of 1,000 samples/second should be increased to
4,000.

Level The Level option is activated when a Source CH is selected. Set a level to initiate the trigger (e.g.,
if the ECG wave peaks at 2 mV, set the trigger level just under 2 mV).

Edge Triggers can have a positive or negative edge, defined as follows:

Edge Digital Analog

Pos Signal changes from0to 1  Signal changes direction from downward
to upward. Once the trigger level is
crossed, the acquisition will start.

Neg Signal changes from1to 0 Signal changes direction from upward to
downward. Once the trigger level is
crossed, the acquisition will start.

= For ECG data (and other types of data with peaks of relatively short duration) there will be
only minor time differences between one edge and the next, although the positive and
negative edges can be widely separated in time for data with slowly changing values (such
as EDA or skin temperature data).

Visit the online support center at www.biopac.com
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Mode

Delay

Pretrigger

Once the trigger channel and level have been specified, the final parameter is the delay. Delay can
be measured in terms of samples, milliseconds, seconds, or minutes, and may be set to zero if
desired. The delay option instructs the hardware to wait a specified period after the trigger level is
reached before beginning the acquisition.

When using a trigger, the default setting is for the acquisition to begin immediately after the
trigger pulse or level occurs. You can modify this default by using the Delay option in the Trigger
Setup dialog. This feature allows an acquisition to begin a specified period after the trigger level is
reached. To start an acquisition one second after a switch closes, set the trigger to external and
enter 1.00 in the box next to Delay. The default scale for Delay is seconds, meaning that the
acquisition will begin a specified number of seconds after the trigger has been initiated. The scale
of the delay can be changed from seconds to samples, milliseconds, or minutes.

NOTE: Delay option not available in MP36R hardware.

During normal triggered acquisitions, data is collected only after the trigger has been activated (or
after some delay). For some applications, it is useful to collect data on events that occur just prior
to the trigger event. As an example, if an acquisition was set to begin when a device (such as a
tone generator or flash) sends an output pulse, it might also be important to collect information on
the subject’s state just before the stimulus.

Pretrigger functionality is not supported in all acquisition modes (MP150 > Set Up Data
Acquisition > Length/Rate): NOTE: Pretrigger option is not available in MP36R hardware.

Memory *| Mode Source: EXTERNAL Source: CH #

Disk Disk Pretrigger supported  Pretrigger supported
Memory Pretrigger supported  Pretrigger supported
MP150 Pretrigger supported  not available

Averaging not available not available

When the Pretrigger function is enabled, start an acquisition by clicking the Start button. When the
internal memory in the data acquisition hardware is full, the hardware will start replacing the
oldest data with the newest data (similar to the record last feature). This process continues until the
trigger event occurs. Following the trigger, the hardware will collect data until the total length is
reached. The acquisition now contains data from both before and after the trigger.

The amount of data collected before the trigger event is determined by the value in the box next to
the Pretrigger popup menu. As with Delay, scaling can be set in terms of samples, milliseconds,
seconds, or minutes. The duration of the Pretrigger may also be adjusted using the scroll box to the
right of the Pretrigger dialog.

When Pretrigger is selected, it is important to note...

= The total length of the acquisition includes the duration of the Pretrigger. If the acquisition
length is set to 120 seconds and the Pretrigger is set to 20 seconds, only 100 seconds of data
will be collected after the trigger event occurs.

= Since the total length of the acquisition includes the duration of the Pretrigger, the duration of
the Pretrigger may not exceed the length of the acquisition.
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Chapter 9 Set Up Stimulator

Note This chapter refers to stimulator setup for MP150 hardware only. For MP36R, see the
next chapter, ‘Output Control.’

Although data acquisition is the primary function of the MP System, AcgKnowledge supports output of a signal
through one or two analog channels while data is being acquired. This type of signal output is configured in the
Stimulator setup window.

Four types of signals can be output:
Square waveforms—page 182 Ramp waveforms—183
Tone waveforms—183 Arbitrary waveforms—184

Each of these waveform types can be set to repeat signal output either Once or Continuously, and parameters
can be set to either Relative or Absolute time scales. To set the type of waveform to be output, select MP150 >
Set Up Data Acqusition > Stimulator. Like the standard graph window, the Stimulator setup window plots time
on the horizontal axis and amplitude on the vertical axis.

Use the Stimulator window to create and shape waveforms for output. Adjust the Stimulator Sample Rate
(described below) to further control the parameters of the Stimulator Output design.

For any waveform (or stimulus) to be output, the following parameters must be specified; the type of stimulus,
the “shape” of the signal, the output channel to be used, and how many times the stimulus should be output.
All the above parameters are set up from within the Stimulator Setup dialog. Regardless of the type of
waveform selected, stimulus signals will normally be output when an acquisition is initiated, either as a result of
clicking the “Start” button, using the “manual stimulator control” or via a trigger being activated.

Stimulator Sample Rate

A very powerful feature intrinsic to the MP150 unit is the ability to set a stimulation signal output rate that is
different than the acquisition rate, thus permitting considerable flexibility for a variety of physiological
applications. For a full explanation of MP150 Stimulator sample rates, see page 185.

Use the “Stimulation sample rate” pull-down menu to select a unique sample rate for the stimulator.

®»  See also: Application Note AH162 - Using the Stimulation Features of the MP System.

Visit the online support center at www.biopac.com
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Stimulator Parameters
The Stimulator parameters are set by using the buttons in the right pane of the setup window.
Reset Refresh the display; use after the time scale has been adjusted.

m oupu channel scaling
Scaling Scaling button—Rescale stimulus signals to units other than — cource vl
Volts according to the Change Scaling Parameters. 0003 [
This type of rescaling does not change the amplification of the [F10.0000 [o
signal, it is useful for recalibrating the output signal to more wnitslabel: [
meaningful units. In the example shown here, an output signal of
+10 Volts is rescaled to +128 dB, while an output signal of =10 o« | coe |

Volts is rescaled to reflect 0 dB.

Relative el Set the duration of each segment of the output waveform in Seg # Width. In the sample dialog
shown below left, a 5000 msec output is created by entering individual segment widths: 500 + 400 +

250 +200 + 3650 = 5000 msec.

Note In AcgKnowledge 4.4 and higher, the segment level fields are hidden by default and must be
expanded by clicking the Segment Configuration “+” button (below).

Segment configuration...

For details about stimulator segment and width configuration, see page 182.

Analog Output 0 = Analog Output 1 I

10.000000

Out 0
Analog
‘olts

2 [5]=

-10.00000f

1} msec I 20480.000
Start of acquisition Continues

[Tt Pl | Output continuously

Stimulator sample rate: I 200 LI samples/sec

=] Segment configuration...

Seg #1Level IW Volts Seg #1 Width W msec
Seg #2 Level W Volts Seg #2 Width W msec
Seg #3 Level IW Volts Seg #3 Width W msec
Seq #4 Level W Valts Seg #4 Width W msec
Seqg #5 Level I 0.000000 Volts Seg #5 Width | 3550.000000 msec

Timing

i Qutput stimulus when "Start” button is pressed
| Waituntl trigger is detected before starting output

{ Use manual stimulator control

Analog Output D:Wﬂl
Analog Output l:mﬂl il

Output

Analog Output 0/Analog Output 1: Signals can be output on one or two analog output channels. The
output channels are listed as A0 and Al and correspond to Analog Output 0 and Analog Output 1 on the
UIM100C module.

= For dual stimulation and independent control, connect an output device to A0 and Al.
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= See Analog Output for MP150 Users notes on page 180.

The maximum resolution of a stimulus signal output through an analog channel is 22 psec; this means
that the shortest segment in the stimulus signal must be at least 22 psec in duration.

Duration

Set independently for A0 and Al. x|
—W’aveform
10
. . -10
Off: Turn Output OFF (no stimulus signal output). LI » 20478
ontnues

Output once: Output the stimulus signal once.
Output continuously: Output the stimulus signal for the duration of the acquisition (forever).

When Output continuously is selected, a vertical line is generated at the end of the first section of the
waveform in the stimulator window to indicate where the first output signal ends and the second begins.
The line can be dragged left or right like a vertical segment in a stimulus waveform to control the duration
of the waveform as it is continuously output. Maximum continuous waveform output is 20 kHz.

Use to choose the Stimulator sample rate for the generated signal. (The Stimulator sample rate is independent of
the acquisition sample rate. See page 185 for sample rate details.)

Control timing of output by aligning it with the Start button, waiting until a trigger is initiated before generating

the signal, or manually toggle the selected stimulator on or off. Click the “lock” button o synchronize both

stimulator outputs to the On/Off buttons.

Note  “Wait until trigger” option is only active if Triggering is enabled in the “MP150 > Set Up Data
Acquisition > Trigger” menu.

Trigger
When a trigger option is selected (in the Trigger Setup window), AcqKnowledge allows selection of
additional options with respect to when the signal is output. By default, the stimulus signal will be output
when you click the start button. When a trigger is enabled, however, you have the option of either
outputting the signal when the start button is pressed or when the trigger is initiated. The trigger option is
added to the stimulator window when a trigger is enabled in the Setup Trigger box (described on page
173).

Manual Stimulator Control

= Only available when a stimulator is connected and with MP150 units running firmware 1.1.14
or higher.

When an MP150 unit is being used, the manual stimulator controls at the bottom of the Stimulator Setup
dialog can be used to start and stop stimulators independently of the acquisition. If changes are made to the
stimulus wave while a stimulator is running, the stimulator will need to be turned off and then back on to

apply the changes to the settings.
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The manual stimulator controls cannot be used if the MP150 is set to acquire in averaging mode.

e The stimulator output will start simultaneously with the acquisition.
e The On/Off buttons will start and stop the stimulator output.
If Dual Stimulator settings are active, “Start with” applies to both stimulators.

A “lock” between the two sets of controls can be used to turn both stimulators on or off at
the same time. This lock is useful for two-channel stimuli delivery, such as stereo sound.

UNLOCKED

LOCKED—Both channels Start/Stop together

Stimulator Output Type

If an averaging acquisition is selected in the MP hardware setup, the timing can be set to delay the averaging
pass until after the signal is generated, or to include the signal output in the averaging pass. Note that the signals

cannot exceed the duration of the averaging pass.
The “Digital” setting will generate a true digital pulse (0 Volts and +5 Volts) prior to the averaging pass on
digital I/0 Channel 15.

= For Averaging details, see page 162.

(%]
(5]

& )
2 £
) miec IEDDD ~ mEec 2000
L— Start of output = J L Start of &vg, Pass
Start of acquisition End of Avg. Pass
Finish all output, then start averaging pass Include output in averaging pass
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Analog Output for MP150 Users
The two MP150 Analog Output channels can independently output static or dynamic values:

e Static output: Use “Manual Control” (page 231) to set the output level for each channel in the range -10V to
+10V.

e Dynamic output: Use “Stimulator Setup” (page 176) to define the output level and pattern.
The MP150 will automatically use the “Manual Control” value if:
¢ No acquisition is in progress OR
e Acquisition is in progress but the Stimulator is disabled via the “Setup Stimulator” dialog.
The MP150 will only use the “Stimulator Setup” value if:
e Acquisition is in progress (or before Averaging pass) AND
e Stimulator is enabled via the “Stimulator Setup” dialog.
When the stimulator is in use:
1. Any Stimulator Output starts (from before Time = 0) with the value established for “Manual Control.”
2. If Segment # Width = 0 the stimulator ignores the associated Segment # Level.

3. If the stimulator is in 1x mode, after the output waveform is sent, the value of the last segment is fixed until
acquisition stops.

4. When acquisition stops, the stimulator resets to the “Manual Control” value.

The following dialogs and output illustrations demonstrate how the “Manual Control” value influences Analog Output
for the Stimulator when an MP150 is used:

Acquisition parameters: Stimulator parameters:
-l x]

[Record x| and [saveonce | using [Averaging x|

Sample rate: [50000 v] samplesjsecond | Setup

Acquiston Length: [a0.000 (100001 Samples max)

(. i

I™ Repestevery [0.00000 [seconds =] [for =t times
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Manual Control list box: Stimulator Output pattern (using MP150)
Manual control for "00012F" +10%
I Stim 1UU Digital 140 Analog outputs

2 3 45 B 7

pt | 0oL oo o] of | 2w 21 o
Input |

[” Fead continuously J J oy
8 9 10 11 12 13 14 15

o e o | R = N, copaco
Input |IW Im

[ Read contiruausly Volks Volts Start ACG
— =10V
[ [ 1 |
om= 2ms 42ms 44ms gams
Manual control for '00012F x| +10V
[~ Stim 'IEIU Digital 10 Analog outputs
2 3 485 B 7 d d
Read | Lo o] o | oo 21 o
Input |
™ Read continuausly . 0%— - - —ay
g8 9 10 11 12 13 14 15
2 e W R R e S
Input | [foo000 [oooo Stert STM_ Start 400 Stop 4CQ
™ Read continuously Yalts Walts
-0

For details on Manual Control, see page 231. || I |

oms 2msz 42z d44ms S4ms

Dual Stimulation

For independent control of two stimuli (such as sound and electrical output), set stimulator functions for Output
to AO and Al for each MP150 unit. Click the tab for each output at the top of the Stimulator Setup dialog and
complete independent settings.

Untitled1.acq (=]
Connected 000001

SC|_ Time |[p00000 sec | SC| DeltaT |[0.00000 sec

Analog input

+*
[Segment 1, 3:26:52 PM A=)z ]

10000000~
[

nalog inpu

wr
0.000000 3
L p

-10.000000
10.000000

o 5.000000

PN
[ @
LI 0.000000 5
IRTRT

|| =
k -5.000000

-10.000000 «

0.00000 2.00000 4.00000 5.00000
seconds % I Q
< y[Start | ®

= For additional stimulus paradigms, add MP150 units (see Multiple Hardware, page 161).
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Square waves

Square waveforms are useful for
generating pulse waveforms, which can be
used as stimuli or to trigger a stimulus-
generating device (such as a flash device or
a tone generator).

To output a square wave, choose the
“Output Once” in the “Duration” section.
You should see a rectangular wave appear
in the window. You can control the shape
of the wave by manipulating the various
segments of the wave. A square wave has
five segments, and AcgKnowledge allows
you to set the level (amplitude) and width
(duration) of each segment.

NOTE: in AcgKnowledge 4.4 and higher,
the segment level fields are hidden by
default and must be expanded by clicking
the Segment Configuration “+” button
(below).

Segment configuration...

In a square wave, each of the editable segments is oriented horizontally, with vertical segments connecting the
adjacent sections of the wave. The first segment of a pulse waveform is the segment that appears at the far left
of the waveform section. By positioning the cursor on this segment of the waveform, you can tell from the box
at the bottom of the screen that the level (vertical offset) of the first segment is 0 Volts, and the width of the first
segment is 500 msec.

To adjust the level of a segment, either:
a) Enter the desired level in the box that says Seg # Level; or

b) Position the cursor on the first segment of the waveform and drag it up or down using the mouse
(segment 2 is selected in the preceding dialog, and appears in red).

To change the duration of a segment, either:
a) Enter avalue in the Seg # Width box at the bottom of the Stimulator Setup dialog; or

b) Position the cursor on the first vertical segment in the setup dialog, click the mouse button, and drag the
vertical segment left or right. Moving the first vertical segment left shortens the duration of the first
segment, whereas moving the first vertical segment right lengthens it.

Each of the segments in the wave can be “edited” in this way.

Visit the online support center at www.biopac.com
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Tone Stimuli

one waveforms allow for the creation of pure tone signals of any duration, magnitude, and frequency.
T f llow for th t f pure t gnals of any durat gnitud d freq y
This option outputs a pure sine wave, which is useful for audiological and stimulus response testing.

A tone waveform is comprised of two segments,
with only the second segment being the actual tone
itself. This allows you to include a pre-signal delay
(by setting the level for Segment #1 to 0 Volts and
the duration to a desired value).

To set the duration of the tone, adjust the length of
segment #2 (by changing the Seg #2 Width value
box or by clicking and dragging the segments
within the window). As shown, there is an
additional (uneditable) section of the waveform
after the second section. This segment returns the
last value from segment two, and continues to
output that signal level until the acquisition is
terminated (if the stimulator is set to output once)
or until another signal is output (if the MP System
is set to output continuously).

There are three additional parameters for Tone
waveforms: frequency; magnitude; and tone phase.
= Tone frequency refers to the frequency of the second segment of the waveform. This can be set to any
value, although the most common settings are between 20 Hz and 20,000 Hz.
= Magnitude refers to the peak-to-peak range of the signal, which can range from £ 0 to £ 10 Volts.
= Phase of the stimulus signal can be any value equal to or greater than 0 degrees. Phase settings of more

than 359 degrees will be rescaled to fit the 0°-359° range. In other words, setting the phase to 360° or
720° has the same effect as setting the phase to zero degrees.

Ramp Waves

e -
Ramp waveforms are useful for constructing a
monotonically increasing or decreasing stimulus
signal.

Ramp waves are comprised of three segments and
the amplitude and duration can be set discretely for
all three sections.
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Arbitrary Waveform
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A . .

The Arbitrary waveform option is used to to set
a waveform’s shape and length using standard
AcgKnowledge editing functions.

The length of an arbitrary waveform is
only limited by the available memory.

Unlike the other types of waveforms,
Avrbitrary waveforms have no segments, so
the “shape” of the waveform is determined
by selecting an existing waveform and the
only parameters that can be set are Scaling,

Repeats, and Trigger.

Maximum continuous output is 20 kHz.
To create an arbitrary waveform:
A. Copy waveform segment

1. Open a waveform in a standard graph

window.

2. Select the section of the waveform to be outputted.

Return to the Stimulator Setup dialog—the selected area will automatically be pasted into the dialog.

Stimulator Icons

Waveforms: J'LU_ |

Square wave

0, Tone (sine) wave
P Ramp wave
e Avrbitrary wave

Parameters: |  peser

Reset the display (use after adjusting the time scale)

[l

Scaling (rescale Stimulus signals to different units)

i

Set time base to relative

_I'I.L,_
REL
Output: Analog Output 0 | Tab to output to Analog Output channel 0 (default)
analog Output 1 Tab to output to Analog Output channel 1
Analog Output 0: () [On | Manually start and stop stimulator output by clicking the On/Off
[ | buttons. When the padlock is engaged, both stimulator outputs can

Analog Qutput 1 Off || On

be controlled simultanously.
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Part B — Acquisition Functions 185

MP150 Stimulator Sample Rates

The MP150 is the most common data acquisition device used with AcqKnowledge, and when combined with
the UIM100C and STM100C modules, capable of outputting various waves at different rates, durations and
types. As explained ealier in this chapter, there are four basic Stimulator signal types: Square, Sine, Triangle
and Arbitrary waves. Square, Sine, and Triangle waves are limited to 4096 samples, which may be outputted
once or continuously. 4096 samples also define the upper limit of a short burst wave. Arbitrary waves, like the
other types, can be outputted once or continuously, but are not subject to the 4096 sample upper limit.

The Stimulator output sample rate is configured in AcgKnowledge by choosing MP150 > Data Acquisition Set
up > Stimulator > Stimulator sample rate. The stimulator sample rate may be the same, lower, or higher than the
acquisition sample rate. The output signal can be redirected to an analog input channel. In this case, the number
of samples displayed in the graph is determined by the acquisition sample rate. If the source wave can be
uploaded entirely to the MP150 memory (< 512K samples), then the number of samples displayed in a
reference analog input channel may be estimated with this formula:

Displayed Samples = AcqRate/StimRate*#Sample source wave)

Arbitrary wave sources are derived from any waveform within a saved data file or from a newly created
waveform. Calculation channels, Transform and Edit operations may also be used to create unique waveforms.

J 8.00 -

4.00

0.00

Volts

m&«'s‘wé«pﬂ*

Analog input

Output Wave, 512000 samples
|
A

-

0.000 13.839 27.678 41.517
seconds
< »

® sttt M

Selection

d)|[=]

Left: 1 samp Right: 512000 samp

Example source wave
The Expression calculation channel, Absolute value transformation and Edit Copy/Paste operations were used
to create the example waveform ahown above. The highlighted portion was used as the source wave.

The MP150 supports an aggregate (combined channel) sample rate of 400 K samples and has an internal
memory of 512 K samples.

Aggregate Sample Rate = # analog channels * Acquisition Sample Rate

Any down sampling of channels is applied in AcqKnowledge, and does not affect the sampling rate generated in
the MP150.
Up to 512,000 samples can be uploaded into the MP150 memory and then outputted as a stimulator signal.
Longer source waves will upload the first 512,000 samples, and the remaining waveform data as memory
becomes available.
The following components affect the limits for the stimulus output:
- Acquisition setup
0 mode
=  MP150 Memory
= Save to disk or memory
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o sampling rate
- Stimulator setup
0 Duration
= Qutput Once
= Qutput Continuously
o Stimulator sample rate
0 Analog Output: one or two analog output enabled
- Source graph/wave length
0 Short burst wave <4096
0 Long waves > 4096 and < 512 K samples
= Within the limits of the MP150 internal memory
o0 Longer waves > 512 K samples
There are two basic AcgKnowledge acquisition modes, “Save to MP150 Memory” and “Save to Memory/Disk.”
On-line Averaging also uses the MP150 memory.
Save to MP150 Memory: This acquisition mode was designed for short burst signals at high acquisition
sample rates with short duration. While longer acquisition can be acquired in this mode, the system may be
slow to respond. Depending on the computer resources, it may take several seconds for the screen to update.
Should this become an issue, adjust the CPU allocation in the AcqKnowledge Preferences. In the Preferences,
select “Performance” and move the slider to the right toward Better data transfer for high speed acquisition.

T, | 7

AcgKnowledge Preferences are accessed from the Main Toolbar‘ or via Display > Preferences.

Analog Output Upper Limits Summary
The upper limits for short burst, long, and longer waves are provided below.

Note: At high or maximum aggregate acquisition sample rates, the display may become sluggish and data may
take several seconds to be displayed. Additional user actions may overwhelm the system.

Short Burst Wave (= Long Wave (> 4096 Longer Waves (s
4096 samples) samples but £ 512 K 512 K samples)
samples)
Stimulator Sample Rate: 100 K max 100 K max 20 K max

(sample rate not
adjustable for

averaging)

Acquisition Modes: Save to MP150 Save to MP150 Memory

Memory Save to Memory or Disk

Save to Averaging
Source Output Maximum 4096 samples 512 K samples (256 K if dual stimulators are
per Analog Output: used via outputs AO and Al)
Maximum Aggregate 400 K
Acquisition Sample
Rate:

Visit the online support center at www.biopac.com
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Chapter 10 Output Control

Note Output Control chapter refers to MP36R hardware only.
For MP150, see the previous chapter, ‘Set Up Stimulator.’

G to Output The MP36R UNIT can output pulses or analog voltages via the Analog Out port; this

Date outpus port is also used to connect to BIOPAC’s external stimulators. The MP36R has an

S ~TEETY additional 1/0O Port which is used to output digital (TTL Level) signals.
P Parameters for output signals are set via Output Control. Access to a specific Output

Human Stimulator - STMHUM Control is via the MP36R > Output Control submenu.

Visual Stim Controllable LED - OUT4 R .

Sound Sequence There are three basic Output Control categories:

e Pulse — Pulses, Stimulator-BSLSTM, Low Voltage Stimulator and Human Stimulator-STMHUM
e Pulse trains — Pulse Sequence, Sound Sequence and Visual Stim Controllable LED-OUT4
e Other — CH to Output, Digital Outputs

There are a total of nine Output Controls for the MP36R:

Qutput Control See... MP36R Functionality

CH# to Output page 189 Direct analog CH1-4 to output listen to signals

Digital Outputs page 191 Control 8 digital outputs

Pulses page 186  Use with third-party devices; software can control
pulse width and repetition.

Stimulator - BSLSTM page 192  Use with BSL Stimulator

Low Voltage Stimulator page 192 MP36R: Use OUT3 adapter for MP36R built-in low

voltage stimulator. Software can control pulse
amplitude, width and repetition (-10 to +10 V)

Pulse Sequence page 188 Direct analog CH1-4 or digital D1-8 output. Allows
for output of customized pulse trains.

Human Stimulator - STMHUM page 193  Hand-held stimulator, allowing the subject to control
the stimulus delivery. Configurable from 1-100 V.
Visual Controllable LED — OUT4 page 198 Direct analog CH1-4 or digital D1-8 output. Allows

for output of customized pulse trains to an LED
tranducer for visual stimulus studies (OUT4).

Sound Sequence page 198  Outputs customized sounds assignable to a user
configurable pulse train.

To open an Output Control, select it from the MP 36R > Output Control submenu. A checkmark appears next
to the submenu selection and an Output Control panel is displayed, bordered in red in the active data window.
To close an Output Control, select from the menu again (toggles between display and hide) or right-click in the
open control panel and choose Close.

Only one Output Control panel per graph may be open at any time. Switching between different data files may
display different output control panels, which operate differently.

Because some output devices can be used for stimulation on humans and can achieve voltages up to 100 Volts,
built-in software logic makes output control as safe as possible. See page 211 for safety notes regarding human
subjects. The following applies to all Output Controls.

The output will not operate unless its software control panel is open.

When an Output Control panel is closed, or the AcgKnowledge application is closed, MP36R output goes to 0
Volts, preventing the output device from sending pulses.
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When an Output Control panel is opened, output is always OFF until activated by a click of the ON/OFF switch
in the control panel or, if parameters allow, a click of the Start button in the data acquisition window.
(Exceptions are the Digital Outputs Control when set to the preference “Set each output immediately.”)

If desired, custom Output preference parameters can be saved as a preset for a current graph (file preset) or for
all graphs (global preset) by using the “Save Settings” button in the Output Preferences window. A saved
Output preference can be selected from the Output Settings pop-up menu in the Output Control’s panel.

Output Control Preferences dialogs establish the parameters for output. Preferences dialogs are only available
when the corresponding Output Control panel is open and active.

To generate the Preferences dialog:
Open an Output Control panel and then right-click over it to generate a pop-up menu. Choose
Preferences to open the dialog (Close will close the control panel).

CH3 to Output .@\ I

Preferences

Reset to Default Settings

Pll~[Ez 12 4% -

Close

If a control panel enrtry box is grayed, its values may be already be established or limited by settings in the
Preferences dialog. If Preferences parameters allow, enter values directly in the Output Control panel.

@ Iln 7 Puse cer ﬁ| 500 Ha

il

Key into the entry boxes and then enter the value by pressing the Enter key.
Use the Tab key or mouse to move to another entry box.
Click the OK button if in the preference dialog.

Values entered into a control panel or its Preferences dialog that are outside the specifications of the output
device, or outside the limits defined by the Preferences dialog, may change automatically to reflect either the
closest value to that requested that the hardware can achieve, or the closest increment defined by the limits in
Preferences. (The system will not check while you type, it checks and may make changes after the value is
entered.)

For example, if a Pulse width of 5 ms is entered into the Pulses Output Control panel entry box, but Preferences
defines a range limit of .5 to 2 ms for Pulse width, the system will automatically change the new entry to 2 ms.

Saving Panel settings:

Output Control panel settings will be retained until a file is closed or saved. If a file is closed but not saved,
settings will be lost (defaults established); if a file is saved, panel settings will be saved.

Visit the online support center at www.biopac.com
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CH# to Output

CH3 to Output

® 1@

The CH# to Output Output Control redirects an analog input signal to the Analog Out port on the back of the
MP36R UNIT. The signal from the assigned channel will continue to be record and plot data.

This Output Control is used commonly when attaching headphones to the MP36R unit to listen to signals
coming in on an analog input channel; for example listing to the Electromyogram.

To display this control panel:
Choose MP 36R > Output Control > CH# to Output to open the control panel.

MP36R users may use analog input CH1-CH4. Channel 3 is the default setting. If another channel N has been
designated, the menu will read “CH<N >.”

Use the control panel ON/OFF Switch to start and stop output. OFF grounds the output so no signal (or sound)
should be present.

Set Preferences to designate which channel to redirect to output.

Open the Preferences dialog by right-clicking the control panel.

Use the pull-down menu to select the desired channel CH 1-4 to use for the output.
Click OK to set the output channel and return to the control panel.

Note Only the Hardware settings (Gain, Offset, Input Coupling) g
from the Input Channel Parameters dialo_g (M P36R > Set Up S =
Data Acquisition > Channels > Setup) will be applied since N BT
output is established prior to the processing of Digital Filters. e | "
Channel Label CH1 Irput
See MP36R Input > Output Scaling values on the next page.
—Digital Fitters:
G IXQDD -
Offzet: ID. i
InpLt coupling:
Fite: 1 :I' A DG
Tipe: |one -
F IW " O0SHZHP & 05HzHP
el 3 (" sHeHp
Q| 0.70700C
Mew Channel Preset | Scaling... | Cancel |

AcgKnowledge 4 Software Guide




190

MP36R Input > Output Scaling

The MP36R hardware can pipe signals from any channel input to the output using the “CHX to Output” control
panel in the AcqgKnowledge software—due to the difference between the input and output range, there will be a
change in signal level (scaling). The output range depends on the output pin used as shown in the following

table.

The input range is gain-dependent. The table below shows the scaling (multiplying) factors to use for each gain

setting.

AcgKnowledge 4 Software Guide

Output Pin Pin Description Output Range
(Analog Out port) (Volts)
Pin 1 Headphones, -2.048 to +2.048
A.C. Coupled
Low Voltage Stimulator, | -10 to +10
Pin 2 D.C. Coupled

Gain Input Range Output Scale**—accurate to +10%
+- millivolts Factor 1 Factor 2
Pin 1 (Headphone out) Pin 2 (Low Voltage
Stimulator)
X5 +2V 1.024 5
x10 +1V 2.048 10
x20 | £500 mV 4.095 20
x50 | +200 mV 10.238 50
x100 | +100 mV 20.475 100
x200 50 mV 40.950 200
x500 20 mV 102.375 500
x1,000 +10 mVvV 204.750 1,000
x2,000 +5mV 409.500 2,000
x5,000 +2mV 1023.750 5,000
x10.000 +1mV 2047.500 10,000
x20,000 | +£0.5mV 4095.000 20,000
x50,000 | *£0.2mV 10238.000 50,000
Notes

*  1: To properly measure the output signal you need at least a 2K Ohm load.

**

2. Input to Output scaling is accurate to within 10%.
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Digital Outputs Control

The Digital Output Control manages the signal output for each of the eight digital lines via the 1/O Port located
on the back of the MP36R. Digital lines are used to control external devices.

The digital output uses standard TTL levels which correspond to the control panel setting as follows:

Control Panel setting Output Voltage level (Volts)
0 0
1 +5

To display this control panel:
Choose MP36R > Output Control > Digital Outputs to open the Digital Outputs Control panel
Click each digital output line to set its digital state to 0 (off) or 1 (on).

To set Preferences for Digital Outputs, open the Output Preferences: Digital Qutputs

Preferences dialog by right-clicking the control panel.

Select from the following two options:
Qutput Control:

Set each output immediately (default) allows you to

toggle the state of each digital output line between 0 and 1, " Set each Output immediately
and change the state immediately. In this mode, no Set
button is available in the control panel. Output for each line
is set upon clicking its toggle button.

& Set all outputs when "Set" button is pressed

Set all outputs when Set button is pressed allows you to toggle the state of each digital output line, but the
states will not physically be changed until the Set button is clicked on the control panel. In this mode, a Set
button is available in the control panel. When the Set button is clicked, all eight digital lines will update
simultaneously.

AcgKnowledge 4 Software Guide



192

AcgKnowledge 4 Software Guide

Pulses Output Control

Stimulator — BSLSTM Output Control

Stimulator — Low Voltage Output Control

Stimulator Human Stimulator (STMHUM) Output Control

Output Settings: j . ﬂ...n |2 Pulze .FL”...| 200 msec ;IJ:H-I;..IIHE-D Hz

I Cuizharm

i

Control panel options for Pulses, Stimulator - BSLSTM and Stimulator — Low Voltage

IJ-I_ ID_DDDU Vialts Reference Channel:
N | o IEIFF

Additional control panel options for Low Voltage Stimulator

A variety of pulse output options are available. Exercise caution when using any of the options with human
subjects—see the Safety Note on page 211.

Pulses Output Control
Select this Output Control for general pulse output, or when synchronizing to 3"-party devices.

Use for reaction time measurements, where a subject listens with headphones for a series of “clicks” (pulses)
and responds as quickly as possible with a button press. Determine reaction times by calculating the time
between the start of the pulses and the responses.

Use with the BIOPAC STP30W Stimulus Presentation System (SuperLab) to measure responses to visual or
auditory stimuli. To perform sophisticated evoked response averaging tests (e.g. P300), pair triggers with
different visual or auditory stimuli.

Use to trigger another device (automatically send a pulse from the MP36R UNIT when acquisition starts).

Use to control a 3"-party stimulator. BIOPAC recommends use of the BIOPAC BSLSTM Stimulator with the
MP UNIT and BIOPAC software. If using the BSLSTM Stimulator, use the Stimulator - BSLSTM Output
Control instead of this Pulses Output Control.

Stimulator - BSLSTM

Select this Output Control when using the Biopac Student Lab stimulator
(BSLSTM)

Use with stimulation electrode HSTMOL1 for safe stimulation of human
subjects (0 — 100 Volts), as well as lower voltage (0 - +10 Volt) general-
purpose stimulation, such is used with amphibian muscle or nerve
preparations.

Set up note Placing the BSLSTMAV/B unit too close to MP36R hardware can result in data distortion of the
BSLSTMAV/B pulse width signal; distortion is more apparent at higher sampling rates.

e NEVER set the BSLSTMA/B atop MP36R hardware
e Position the BSLSTMA/B away from the MP36R hardware to reduce the signal distortion

Low Voltage Stimulator

Select this Output Control for low-voltage (-10 - +10 Volt), direct drive
stimulation via MP36RANalog Out port (with or without OUT3 BNC
adapter).

Visit the online support center at www.biopac.com
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Use with stimulator electrode HSTMOL1 for safe, stimulation of human subjects (0 — 100 Volts), as well as lower
voltage (0 - +10 Volt) general-purpose stimulation, such is used with amphibian muscle or nerve preparations.

Outputs through a BNC connector so it can be used with most stimulation cables (such as those that terminate in
a needle probe).

Stimulator Human Stimulator - STMHUM

Select this Output Control to conduct stimulation studies that enable subjects to control the stimulus delivery.
This hand-held stimulator connects directly to the MP36 Analog Out port
and has a red button for delivering the stimulus signal. The electrodes on
the bottom of the unit are placed directly onto the subject. The STMHUM
functions much like the BSLSTM but with no additional hardware required.
The voltage range is 0 — 100 volts and can be limited or locked to a user
defined level in the STMHUM Output Control panel, which resembles that
of the Low Voltage Stimulator.

To use one of these control panels:

Choose MP 36R > Output Control and then select Pulses, Stimulator — BSLSTM, Low Voltage Stimulator, or
Human Stimulator (STMHUM).

Right-click the Output Control panel to generate the Output Preferences dialog.

General |Mvanced| Level I Reference Channell
1

Set the Preferences.

General: ON/OFF, Number of pulses, Event options — see page 203

Advanced: Pulse width, Pulse repetition (rate) and Verify Transducer (STMHUM) — see page 207
Level (Low Voltage Stimulator and STMHUM only): Pulse level — see page 209

Reference Channel (Low Voltage Stimulator, Pulse Sequence and STMHUM only): The Reference Channel is
the channel on which the pulse is outputted, and configurable as Analog channels CH1-CH4, or Digital
channels D1-D8.

Once configured, Preferences may be saved using the Save Settings command, activated by pressing the saved
settings from the pop-up menu in the control panel (see page 203).

Confirm the settings in the control panel. Adjust as desired within the parameters established in Preferences.

Entry limits: Settings entered into the Preferences dialog may establish, or limit, the values in the Output
Control panel entry boxes. Enter pulse settings directly into the control panel only if the Preference settings are
not locked to a specified value. A grayed or disabled entry box indicates that the values are locked.

Initiate the pulse sequence as defined in Preferences (see page 203).
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ON/OFF Button in Output Control Panel uses the switch in the Control panel.

== Recording uses the Start /Stop button in the data acquisition window.
To close an Output Control panel:

Right-click anywhere in the Output Control panel to generate a pop-up menu and then choose Close, or select it
(or another output control) from the MP36R > Output Control submenu.

Output Sethings: j . JTI..J'I |1 Pulze .H-rl...l 100 mzec ;IJ:H-I...I 1.00 Hz

I Cuztom

=

Preferences

Close

Pulse Sequence Output Control
In AcgKnowledge 4.2 and higher, this Output Control allows sequences of pulse configurations and delays to be
sent to the MP36R unit, making it possible to create more complex stimulus setups.

Enabling the pulse sequence output control option will display the following control panel at the top of the
graph window:

Pulse sequence configuration is performed in the Preferences dialog of this output control panel. (Accessible via
right-click on panel shown above.) When a pulse train element is selected in the configuration, the controls will
become visible in the right hand portion of the preferences dialog. The configuration makes use of three basic
building blocks:

A sequence consisting of a number of delay and pulse train elements. The final configuration consists of one or
more sequences that are outputted in order. Normally the entire configuration is outputted. There is a special
operational mode on ‘Start with Recording’ that will take only the indexed sequence matching the current
recording segment.

A pulse train element consists of Pulse count, Width and Pulse repetition, These elements can be fixed or
randomly generated.

A delay element that allows for the introduction of time during which no pulses will be generated.

Each one of these building blocks also has a “repeat” count associated with it that will perform the action a set
number of times. (Adjust by selecting the desired ‘Repeat’ and inputting a new value) Individual sequences,
pulse trains and delays can be added, deleted, repeated and reordered as desired. In the right pane of the
Preference dialog (shown below), fixed or random pulse counts, widths and repetitions can be configured and
combined. As in other Output Controls, custom settings can be saved and organized in a list view. (See below
for additional setup dialogs)

For a full explanation of preferences and tabs common to all Output Control panels, see the “Pulse Definition”
section on page 201 and the “Output Control” section on page 202.

Visit the online support center at www.biopac.com
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AcgKnowledge - Output Preferences: Pulse Sequence
Pulse Sequence I Options | Reference Channel |
Add.. | Pulse count
IRepeat I ™ Fixed: I 1
é f* Random value between:
5
1 to |10
: | |
- Delay 5 Width
% Fixed: I 1.00 Imsec j
™ Random value between:
I 1.00 Imsec j to
I 10.00 Imsec ;I
Pulse repetition
" Fixed: |5u.nnnon Hz
' Random value between:
I 10.00000 Hz to I 100.00000 Hz
Move Up | Mowve Down | Delete |
Save Seth'_ngsl Organize List | QK I Cancel |

Preferences available in Pulse Sequence tab

Add:
Output:

Displays pop-up menu

Repeat:

Pulse count:

for adding Sequences, Pulse Trains or Delays.

Displays the configured sequences and sequence elements for the current or saved session.
Editable field for setting the number of times the pulse train or pulse train element is repeated

Fixed — a set number of pulses is generated per sequence.

Random - set a random number of pulses to be generated per sequence.

Width:
seconds.

Fixed — each pulse width will be of a set duration, in units of microseconds, milliseconds, or

Random - sets the pulse width duration to fall between two set time ranges.
Pulse repetition: Fixed — sets a fixed interval between the start of one pulse to the start of the next pulse
Random - sets a random interval between two set values for the start of one pulse to the start

of the next pulse.

Move Up/Down Delete: Selectively reorders or deletes the various pulse train elements.

Save Settings:

Saves modified settings as a custom preset for the current graph, or for all graphs.

Organize List: Orders custom presets into a list and categorizes the custom presets for the current file or

globally across the app

lication.
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AcgKnowledge - Output Preferences: Pulse Sequence

Preferences available in Reference Channel tab

Visit the online support center at www.biopac.com
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AcgKnowledge - Output Preferences: Pulse Sequence
Pulse Sequence I Options | Reference Channel |
Add...
IRepeat I
1
- Pulse Train 2
=- Sequence 2 1
& Pulse Train 2
= Delay 5 Width
% Fixed: IlD.DD Imsec j
™ Random value between:
| 10.00 Imsr:c J to
| 100.00 [ms=c =]
Move Up | Mowe Down | Delete
Save Seth'_ngsl Organize List | QK I Cancel

Delay Preferences

About Delay between Pulse Trains:

The amount of actual Delay between pulse trains will vary from the set value depending upon the pulse

197

repetition value that is used. In the example sequence below, a Delay of 100 milliseconds between pulse trains
has been set up, combined with a pulse repetition rate of 20 milliseconds. Because the pulse repetition rate is

applied before the Delay occurs, the actual Delay between pulse trains in this case will be 120 milliseconds. If it
is critical that a Delay reflect an exact value, it is advisable to subtract the selected pulse repetition value when

setting up the Delay parameters.

Output Settings:

Custom

Reference Channel:

CH1

Stimulator - Pulse Sequence Reference

kS

|Segment1. 3:45:24 PM Jj\zl

=

333

Wolts

1.67

Stimulator = Pulse Sequence Reference

-
1745.88 1792.56 1835.24 1877.92
miliseconds k I Q
| stathe | @

Delay between pulse trains
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Visual Stim Controllable LED — OUT4 Output Control

This Output Control is used to set up parameters for the OUT4 LED transducer used for conducting visual
stimulus studies, in which flashes of light of varying intensities and intervals are presented to a subject. The
OUT4 LED transducer is connected directly to the MP36 Analog Out port.

To use this Output Control choose MP Unit > Output Control > Visual Stim Controllable LED.

Output settings: . Intensity Reference channel:
[riane =] ; 0% ——_|—— 100% |50 % | |Jrone

The Visual Stim Controllable LED Output Control panel is identical to the Pulse Sequence control panel, but
with the addition of an intensity control for controlling the LED brightness level. The preferences operate
identically to those of the Pulse Sequence Output Control covered in the previous section.

AcgKnowledge - Output Preferences: Visual Stim Controllable LED (OUT4) AcgKnowledge - Output Preferences: Visual Stim Controllable LED (OUT4)
Pulse Sequence | Options | Reference Channel | Pulse Sequence  Options | Reference Channel |
Add . Q rInitiate pulse sequence with:
S ulse coun
X & ON/OFF button in Output Control panel
Output I Repeat I * Fixed: I 1
& Sequence 1 1 ¢ Random value between: (¥ Gy
L= 1 Output |zl sequences o I
1 to I 10
Width r—Event options:
& Fixed: IT m ¥ Create event when output is changed
€ Random value between: —Sequence repetition options:
II‘UU msec j' to Qutput entire pulse sequence: % once ¢ continuously
10.00 msec e
—Pulse repetition options:
Pulse repetition Display as: * RateinHertz (Hz) (" Period in miliseconds {msec)
¥ Fixed: | 50.00000 Hz
Verify transducer:
£ Random value between: fy
I 10.00000 He o I o0.00000 Hz I™ Verify connected transducer on start of acquisition

[~ Perform transducer verification on first acquired segment only

Move Up | Move Down | Delete |
Save SEtn_ngsl Organize List Cancel | Save SEtn_ngsl Organize List Cancel |
Pulse Sequence Tab for Visual Stim Controllable LED Options Tab for Visual Stim Controllable LED

AcgKnowledge - Output Preferences: Visual Stim Controllable LED (OUT4)

Pulse Sequence I Options Reference Channel |
Channel Assignment:
Qutput the Reference signal on: INonE vl

Generate the Reference signal using:
—CH1-CH4

(= Actual intensity

€ Fixed (maximum) intensity

CH1-CH4or D1-D8

& Actuzl Pulse Width

" Fixed (15ms) Pulse Width

Save Settings | Organize List Cancel

Reference Channel Tab for Visual Stim Controllable LED

For specifics on the Visual Stim LED preferences set up, see the Pulse Sequence Output Control section on
page 194.

Visit the online support center at www.biopac.com
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Sound Sequence Output Control

In AcgKnowledge 4.2 and higher, Sound Sequence Output Control offers users the option of configuring and
customizing sounds to be outputted for aural stimulus experiments. The control panel and Preferences dialogs
used for Sound Sequence closely resemble that of Pulse Sequence. The built-in sound resource (a default
“click™) may be used or any other file in * WAV format can be substituted via the “File” and “Browse” button.
The “Width” and “Pulse Repetition” values are dependent upon the duration of the sound file selected for
output. The “Test” button will output an audio sample of the selected sound resource.

AcgKnowledge 4 Software Guide
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The option all sequences means that each configured sound sequence (regardless of number) will be outputted
within the same segment. If "Once" is selected in the "Output entire pulse sequence" option, a configured
sequence will be heard one time only. If "Continuously" is selected, the first Sound Sequence will be repeated
after the last one has completed, looping the pattern repeatedly until the recording is stopped.

The option each sequence means that each sound sequence will be outputted on a segment-by segment-basis
only. For example, if one Sound Sequence is configured, it will only be heard during the first recording
segment, but not during the second recording segment). If two Sound Sequences are set up, the first one will be
heard during the first segment and the second one during the following segment. If no additional Sound
Sequences have been configured, nothing will be heard during the third segments and beyond. (Exception: If
"Save Once" acquisition mode is used, the Sound Sequence will be repeated when the recording is overwritten
during subsequent passes).

Visit the online support center at www.biopac.com
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Pulse Defititions
The following terms are used in the Output Control panels, Preferences, and guidelines for Pulses, Stimulator —
BSLSTM, Low Voltage Stimulator and Human Stimulator-STMHUM.

Delay before first Initial delay from start of acquisition to start of first pulse.
Pulse
Number of pulses Number of successive pulses that will be sent out at the specified Pulse Width,

Repetition and Level. Set for Single (1), Multiple, or Continuous (Cont).

Pulse Level Amplitude of the pulse, expressed in Volts.
Note: The output of the BSLSTM is 0 Volts when the pulse is not active.

Pulse Repetition Can be expressed as Period (ms) or Rate (Hz).

Also called — Period: Time between pulses; measured in milliseconds from the start of one pulse to
Events per second the start of the next pulse.

SP:(;zee;Liquency Pulse Rate:  Number of pulses that occur in a one-second interval; measured in Hertz.
Pulse train Rate relates to Period as: Rate (Hz) = 1000 / Period (ms)

Repetition rate

Sample train

Pulse Width Time that the pulse is in the non-zero or active state.

AcgKnowledge 4 Software Guide



202

AcgKnowledge 4 Software Guide

Output Control Panel Descriptions

The Output Control panels for Pulses, Stimulator - BSLSTM, Low Voltage Stimulator and Human Stimulator-
STMHUM work in conjunction with Preferences to control pulse output. Control panel functions are detailed

here:

OUTPUT CONTROL PANELS

General Notes

Pulse parameters can interact with each other.

For example, the pulse repetition period cannot be set to a value less than the pulse
width.

In order to simplify the interaction, the Pulse width entry overrides other entries as
required; it is the priority parameter.

For example, if the pulse width is changed such that it exceeds the pulse repetition
period, the pulse repetition period will be automatically adjusted to accommodate the
new pulse width entry. If, however, the pulse repetition period is changed such that
it is less than the pulse width, the repetition period will be changed, upon attempted
entry, to the closest value that can be achieved without changing the pulse width.
Entries are checked and rounded (not truncated) as necessary to meet limitations of
the hardware or the Preferences.

When a file is opened, the output device will not turn ON automatically. A user must
manually press either the “Record” button or the “Start” button.

The exceptions are the “Voltage Output” control panel and the “Digital Outputs”
control panel if “Set each Output immediately” is selected; these settings will output
values immediately.

Output control settings are “local,” which means that they are stored at the data file
level, not the program level. Use the save as graph template (File > Save As) option
to use existing Preferences in new data files.

If a file is saved with an Output Control panel visible and then closed, the panel will
be visible when that file is re-opened.

Preferences

Right-click a control panel to generate the Preferences dialog, and then select a tab
for the settings you want to adjust.

Qutput Preferences: Low Voltage Stimulator ed |

General |Mvanced| Level I Reference Channe-ll
1

Output Settings

Cutput Settings:

I &S
Hi
Single pulze
Paired pulzes

Multiple pulzes

Output settings:

IHc-nE "I

Displays the name of the current Preferences setting. The pull-down menu lists the
names of all output Preferences saved using the Save Settings button (see page 203).
The pull-down menu is not accessible when an output pulse train is in progress.

If no settings configurations have yet been saved when the Output Control panel is
first opened and no parameters are changed, the Output Settings box displays
“Default.”

When output settings are saved, the Output Settings box displays the name of the last
selected setting. Use Organize List to change the display order of the menu, rename,
or delete items (see page 203).

When a saved setting is selected from the pull-down menu, the Output Control panel
and all Preferences dialog options will be updated.

For Reference Channel—Low Voltage Stimulator; Human Stimulator; Visual Stim
Controllable LED (OUT4) and Pulse Sequence only. All Output Settings must use
the same reference channel assignment; other parameters can be unique for each
setting.

Visit the online support center at www.biopac.com
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OUTPUT CONTROL PANELS

Save Settings |

Save Settings il

Setting Mame: |T_I,I|:ue a unique setting nare here

Save I ] |

Once configured, Preferences may be saved using the Save Settings button at the
bottom of the Preferences dialog. Save Settings generates a dialog to name and save
a defined configuration of Stimulator output settings. Saved configurations are
accessible via the Output Settings pull-down menu in the Output Control panel.
When a setting is selected from the menu, all current output parameters are updated
to reflect the saved settings.

Cancel |

Multiple configurations can be saved as long as each has a unique name; the Save
button will be inactive if the name you enter is not unique.

Settings can be saved locally (to a specific file) or globally. The data file or template
file holds the output parameters as established when the file was saved plus any other
named configurations of Output Settings.

Organize List |

Organize Settings ﬂ
Threzhold
Summation
-
Tetanus - |
Rename Delete | Delete Al | Cloze |

Use the Organize List button at the bottom of the Preferences dialog to order,
rename or delete saved Preferences settings. The up or down arrows are only
available if two or more settings have been saved. Select a setting and then click the
up and down arrows to set the position, or choose rename or delete. Selecting
“Delete All,” removes all saved settings will be deleted and the default options will
be reactivated.

GENERAL TAB (OUTPUT PREFERENCES)

General Tab

The General tab is
available when using
Pulses, Low Voltage
Stimulator,
Stimulator-BSLSTM
and Human
Stimulator-
STMHUM.

Biopac Student Lab - Output Preferences: Stimulz

General I Advanced |

—Mumber of pulses:

Jl.n

* Single (1)
 Multiple |2

{~ Continuous

—Initiate pulse sequence with:
* COMNJOFF button on Output control panel

" Recording
after initial delay of: I-j ms

—Ewvent options:

¥ Create event when output is changed

AcgKnowledge 4 Software Guide
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GENERAL TAB (OUTPUT PREFERENCES)

Number of Pulses

JTI...FI Conk Pulse

Indicates the number of pulses to be output. When the Output Control panel is
closed, the pulse output will be immediately stopped.

Single will establish a single pulse for outputting. All pulse repetition options, entry
boxes and scroll bars in both the control panel and preferences windows will be
disabled (grayed).

Multiple will establish a specific number of pulses for outputting. The selection will
activate an entry box where you can enter 1-254 pulses. When this option is selected,
the Pulse Repetition scroll bar is activated in the Output Control panel.

Continuous will establish a continuous pulse train for outputting. When this option
is selected, the Pulse Repetition scroll bar is activated in the Output Control panel.

If “Initiate pulse sequence with ON/OFF button in Output control panel” is set, the
pulse sequence will be stopped prior to acquisition and will have to be manually
turned back on after the recording.

Initiate pulse
sequence with...

ON/OFF Button

OFF (red)

ON (green)

AUTOMATIC
START (yellow)

Controls the start and stop of pulses. Changes to Pulse Width and Repetition Rate
can be made in the Output Control panel entry boxes during a pulse sequence, and
during a recording, if all other Preferences parameters allow it. Any change in the
pulse output will occur immediately. This lets you change the stimulator output “on
the fly.”

When “Initiate pulse sequence with ON/OFF button” is selected:
The ON/OFF button controls pulse output independent of the acquisition status.
OFF is always available.

The ON/OFF button reflects the current output state, with one exception: if the pulse
sequence lasts less than 0.5 seconds, the button will remain in the “ON” state for at
least 0.5 seconds to indicate that the ON state occurred.

When the Number of Pulses selected is Multiple, ON/OFF acts as a momentary
switch. Press the ON (green) button to start pulses;
it will automatically turn OFF (red) at the end of the specified pulse train.

The switch defaults to OFF. Saving a data file or saving as a Graph Template will
save all stimulator preferences except the status of the pulse switch, which will
always be saved in the OFF position.

Visit the online support center at www.biopac.com
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Recording When “Initiate pulse sequence with Recording” is selected:
ey If the preference setting “Initiate pulse sequence with: ON/OFF button” is active, the
start | control panel changes will take effect immediately. If settings are changed during a
Start button pulse train, changes do not take effect until the next time the stimulator starts.
Pulse output turns ON and OFF corresponding to the Start and Stop of the recording.
+ | stop When in this mode, and not recording, the ON button will display as yellow,
Stop button indicating that pulse output will automatically begin at the “Start” of the recording.

Pulse outputting can be turned OFF during a recording, but it cannot be turned back
ON until the end of the recording.

When a Repeat sequence is running, pressing the OFF button will turn OFF the
output for the entire recording sequence and the button will display as OFF until after
the last sequence, when the switch will display as yellow ON (automatic start)
indicating that pulse output will begin again at the “Start” of the next recording
sequence. You cannot turn pulse outputting back ON during a repeated recording
sequence.

When the acquisition stops, all stimulator pulses will cease, regardless of the Output
Control panel settings.

The pulse output will stop concurrent with the end of the acquisition, even if the
specified pulse output is not completed before the acquisition ends. When a new
acquisition is started, the pulse output will start from the beginning.

In this mode, no changes can be made in the Output Control panel until the recording
stops. Changes made after recording stops will take effect when a new recording is
started.

When a pulse is sent out, the event label and indicator arrow will be generated (if the
event preference is turned ON and events are displayed).

After initial delay After initial delay of ... is enabled only when “Initiate pulse sequence with
Recording” is chosen. Specify a delay interval from the start of recording to the start

(Applicable to Pulses, of the first pulse. This is useful for viewing data prior to the stimulus pulse. The

Stimulator - . .

BSLSTM. Low BIOPAC output device determines the delay range.

Voltage Stimulator INITIAL PULSE DELAY MP36R or BSLSTM

an_d Human Range 0 -100 milliseconds 0 or .5 - 100 milliseconds*
Stimulator-

STMHUM only) Resolution 10 microseconds 1.953 microseconds

*Entries greater than 0 milliseconds must be at least 0.5 milliseconds.

AcgKnowledge 4 Software Guide
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Event options: EI=EEE EEE I R B EEE] R
I el Jln B pie BIL70 meee 700 12
’]7 Create event when 1 H | 2

Stimasslor - 35550 Refarancs Out
[ 700 maes putse wih, 359 10 Hz rate, 42223 PW 140 0=]
- Find..,
Clear 3
Summary to Journal #

| 1 i | 1.00 msec pulse width, 780,10 Hz rate E
| | 1.00 frae pukes wickh, 780,10 Hz rate Appecd Marker k-
| | 1.00 msec putse width, 959,10 Hz rate
| | | v 1.00 msec pukse wadth, 965,10 Hz rate
1 | 1.00 msec pulze width, 589,10 Mz rate
| | 1.00 rrsee pube widkh, 1,10 He rabe
| | 1.00 rhsec pubse wadkh, 1,10 Hz rate
| 1.00 msec putse wedth, 1,10 Hz rate
| | | 1.00 menc pulse width, 644,10 bz rate
| | 1.00 s pulse widkh, 604,10 Hz rate
| L J L 1.00 s pukss wadth, 604,10 Hz rate
100 mssc pubse width, S22, 10 Hz rate

1.00 msec pubse width, 585,10 Hz rate
1.00 meec pule width, 969,10 Hz rats

147

-

TIB5.A0 TIGEAE TI67.22 TIER 2 kl i |Q
milstconds

4| | v osst [ @

An advantage of using the AcqKnowledge software for output signals is that
information regarding the pulse is automatically recorded along with the data. The
amplitude reflects the output pulse level.

= Events can be automatically inserted and labeled for each Reference pulse or
change in pulse train. The label will contain the Pulse width and Pulse rate (and
system time stamp if selected).

= Events reflect setting changes made during an acquisition.

= All output pulse information is automatically recorded and archived with the
saved data.

Set the event option by clicking in the box to “Create event when output is changed.”

Set the “Include time/date” option in the global Preferences (MP36R > Set Up Data
Acqusition > Event Marking)

¥ Indude time

¥ Indude date

The event label accurately captures pulse data, but the event arrow may not always
line up exactly with the leading edge of the pulse; this typically is not a problem
because the recording will include the actual stimulus pulse which can be used for
timing measurements. Depending on the acquisition Sample Rate, the leading edge
of the pulse in the recording may not correspond to the exact time the pulse was
sent—it may be off by as much as one sample period. If the event precision is critical
for your recording, increase the Sample Rate.

To display events, use the toolbar icon or Display > Show > Events.

The Range switch on the front of the BSLSTM stimulator should be set to 10 V or
100 V prior to recording and should not be changed during recording; if using a
Preset, the corresponding Preset should also be selected prior to recording. The pulse
level can then be determined by moving the decimal to the right or left depending on
how the range was switched.

Visit the online support center at www.biopac.com
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ADVANCED TAB (OUTPUT PREFERENCES)

Advanced Tab
(Applicable only to

Dutput Preferences: Stimulator - BSLSTM

General  Advanced |

2l

~ Pulse width:

Pulses, Stimulator - Aarn.
BSLSTM, LOW © Allaw any ety [within full range)
Voltage Stimulator & Lock eniry to [0 s
and Human
Stimulator-
STM H U M) — Pulze repetition:
Dizplay as: ' Ratein Hertz [Hz)  Period in millizeconds [ms)
™ pllow any entry [within full rangs]
@ Limit entry from IW to Im Hz
™ Lock enty to lm Hz
Adjuzt entry in increments of Iw Hz
p . Indicates the Pulse Width setting, which determines the maximum Pulse Rate
ulse Width X A .
frequency. The Pulse Width value is limited by the Preference setting.
.H_rl... 020  mzec

Allow any entry

Lock entry to

The entry is activated when the value is changed and the Tab or Enter key is pressed;
it does not require a stimulator restart to take effect.

The Pulse width entry overrides other entries as required.

An entry may be automatically changed if any of the following conditions apply, in
which case the closest possible value will be selected:

It falls outside the allowable range.
It is rounded to .01 millisecond increments (MP36R resolution).
Width has been limited by the Pulse Width: Limit Entry settings of Preferences.

Pulse width is limited to the output capabilities of the BIOPAC MP36R unit. This
option allows any entry within the allowable range specified below:

PuLSE WIDTH RANGE MP36R hardware
.050 — 100 milliseconds

Resolution 10 microseconds
This entry locks the width to a single, specified value (within the allowable range). No
other value can be entered.

Range

Pulse Repetition

T [5010 ke
i o

Indicates the Pulse Repetition period (Hz or ms).

The Pulse period must be greater than the Pulse width. See “TBPMIN” in the
Output Preference > Advanced Tab Limits table on the next page.

The full range of acceptable Pulse Rate values is from .2 to 6,667 Hz (MP36R).
The maximum Pulse rate (PRPMAX) depends on the Pulse width setting:

Pulse width 100 ms > maximum Pulse rate = 9 Hz

Pulse width .020 ms = maximum Pulse rate = 3333 Hz

The formula for pulse width vs. pulse repetition is PRPMIN = PW+ TBPMIN

Where: PRPMIN = the MINimum Pulse Repetition Period allowed.
PW = Pulse Width setting
TBPMIN = MINinum Time (in ms) between successive pulses
for the output device (see device specifications)

AcgKnowledge 4 Software Guide
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If “Limit changes from ___ to " is selected in Advanced preferences, then
PRPMAX will be determined by the formula above or the specified limit, whichever
is greater.

An entry may be automatically changed:
o If it falls outside the allowable range.
e Toround it to .01 Hz increments (resolution of system).
o To make it at least 0.1 millisecond greater than the Pulse width.
e By the Pulse Repetition Rate: Limit entry Preference.
e By the Pulse Repetition: Adjust entry increments Preference.

You may manually enter any value for pulse width, but when using the scroll bar or
arrows, entries will be constrained by the “Adjust entry increments” Preference
setting.

Pulse Repetition

The Pulse Repetition Scroll Bar adjusts rate or period by the increment of change and

Scroll Bar limits established in Preferences. With each click of the scroll bar arrows, the rate will
be increase by the specified increment.
When “Initiate pulse sequence with ON/OFF button in Control Panel” is selected,
changes take effect upon release of the scroll box as long as the stimulator is running.
The scroll bar is disabled when Number of Pulses is set to “Single” or Pulse
Repetition is set to Lock Entry to...”

Display as Pulse repetition can be displayed as

Pulse Rate (expressed in Hz), or

Pulse Period (inverse of Pulse Rate, expressed in milliseconds).
Pulse Repetition Rate relates to the Pulse Repetition Period as:
Pulse Rate (Hz) = 1000 / Pulse Period (milliseconds)

The “Display as” units selection is also used for:

Pulse repetition entries in the control panel.

Scroll bar increments.

The Pulse Repetition Rate: Limit entry Preference.

The Pulse Repetition: Lock entry Preference.

The Pulse Repetition: Adjust entry increments Preference.

When units are changed from Rate in Hertz (Hz) or Period in milliseconds (ms), the limits
of the Pulse Repetition range will be converted by the formula:

Period increment in ms = Round to nearest whole number [Period Range * (Rate
increment in Hz /Rate Range in Hz)]
For example, if the Range was 1Hz to 10 Hz with an adjustment increment of 1Hz,
the proportional calculation would be Period increment = 900 ms (1Hz / 9 Hz) = 100
ms

Allow any entry

Pulse width is limited to support the output capabilities of the BIOPAC output device.
See Output Preference > Advanced Tab Limits table for allowable range.

Limit entry Establishes minimum and maximum values that can be manually entered or changed
with the scroll bar.
Lock entry Locks the Repetition to a single, specified value (within the allowable range). No
other value can be entered in the control panel.
Adjust entry Controls the scroll bar or scroll arrow increment; does not apply to manual entry.
Advanced Tab Limits Pulses BSLSTM

Visit the online support center at www.biopac.com
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Pulse width
Range (ms): .050 - 100 .049 - 100 .050 — 100 .049 - 100
Resolution (ms): .010 .001953 .010 .001953
Pulse Repetition
Rate range (Hz): 2 - 16,667 2-10,204 2- 2,000 2-2,004
Period range (ms): .060 — 5,000 .098 - 5,000 .500 — 5,000 1499 — 5,000
TBPMIN Minimum time 010 .049 450 450
between Pulses (ms):
Resolution (ms): .010 .001953 .010 .001953
Initial Pulse Delay
Time range (ms): 0-100 Oor.5-100 0-100 Oor.5-100
Resolution (ms): .010 .001953 .010 .001953

LEVEL TAB (OUTPUT PREFERENCES)

Low Voltage Stimulator and Human Stimulator-STMHUM allows the software to

About Level specify the pulse amplitude. The amplitude can be set to any value within the
limits of the stimulator; the range is -10 to +10 Volts for the Low Voltage
Stimulator and 0-+100 V for the Human Stimulator-STMHUM
Stimulator Preferences: Stimulator - 55581 d |
Pulse Level The Level entry box allows the user to

manually enter any value within the limits
of the system or within the limits of the
Preference settings from the Level tab.

Low Voltage only

IJL  [o.0000 vais
I

4 The Level entry box will be inactive

(grayed) if:

The Level preference “Lock entry to” is

active.

General | Advanced Level IF\elerence Charel

Pulse Level

1] §

™ Allow ary enty within -10 to +10 Vol range

4 Limit entry from

" Lock enty to

-1.0000 to [1.0000 Walts

0.0000 Valts

Ldjust entry in increments of (01000 Vaolts

If “Initiate pulse sequence with Recording” is active (from the General tab) and a
pulse sequence is in progress or “wait for trigger” is in progress.
Use the entry box or the scroll bar to set the Pulse level. When a value is entered
which is out of range, the value will be rounded to the closest value obtainable

after the “Enter” or “Tab” key is pressed.

If “Initiate pulse sequence with ON/OFF button in control panel” is active (from
the General tab), then values entered during a pulse sequence will take place

immediately.

If “Initiate pulse sequence with Recording” is active (from the General tab), any
entry made between acquisitions will take place on the next “Start” of acquisition.

Allow any entry

any entry within that range.

The level is limited to the output capabilities of the stimulator. This option allows

Limit entry This entry reduces the range within the limits of the stimulator’s output
capabilities.
Lock entry This entry locks the level to a single specified value.
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Adjust entry

This setting affects the scroll bar or scroll arrow increment only; it does not apply
to manual entry.

The smallest increment is 5 mV, as limited by the MP36R. The specified
increment is used to round manual entries to the closest obtainable value.

REFERENCE CHANNEL TAB (OUTPUT PREFERENCES)

Reference Channel

Feference Channel;
ICH 3

Gereral | Advanced | Llevel — Reference Channel I

Channel Assignment:

Output the Reference signal on: ICH 1 vI

CH 1 R
CH2 =
CH 4
D1
D2
D3
D4 —
DS

Do '|

Generate the Reference signal using:
—CH1 - CH4

f* Actual Amplitude

" Fixed {maximum) Amplitude

rCH1-CH4orD1-D8

% Actual Pulse width

" Fixed (15ms) Pulse width

This option allows monitoring of the output signal on one of the analog or digital
input channels without making any physical connections. This is an internal,
hardware/firmware, feature that recreates the output signal and allows recording
in “real time.” The assigned reference channel will override any “real” input
signal.

The reference signal is not the real signal, but is a very accurate “estimate” of the
real signal. The pulse timing accuracy will be within 100 microseconds. If an
analog input channel is used as the reference channel, the pulse level will be
accurate within 5%. If the stimulation encounters a load that reduces or distorts
the pulse output, the reference signal will not reflect this amplitude distortion.

If a digital input channel is used as the reference channel, only a digital
representation of the pulse will be generated; 0 to 5 volts.

Channel Assignment

Use the pull-down menu to choose which analog or digital input channel will be
used as the output reference channel.

When a new reference channel is assigned, a warning will be generated to alert
you that this setting will overwrite the existing Channel Setup parameters for the
selected channel.

i AcgKnowledge 29

The reference channel change will overwrite any current settings for channel CH
! % 1and display the reference signal instead. Is this what you wish to do?

Yes l | Mo

Visit the online support center at www.biopac.com
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For example, if CHL is set up for ECG data and then selected as the Reference
Channel, the ECG parameters will be replaced. If another channel is then selected,
CHZ1 will be reestablished with the default analog input parameters, and the ECG
settings would need to be recreated via presets or manual entry.

The reference Channel label should read: “(Selected Output) - Reference Out.”

When an Analog Input Channel is assigned as the Reference channel, that channel
(as viewed from MP36R > Set Up Data Acquisition > Channels) will be in a
locked mode and the Preset pull-down menu will be disabled. The assigned
reference channel will be inactive for “real” inputs until the Reference Channel
Preference is changed to “None” or another channel.

Once the control panel with an assigned Reference channel is closed, the data
Acquisition Settings > Channels will automatically update to the default settings.

Generate using You can specify how the Reference signal should be shown.

If using analog input from CH1 - CH4, you may select actual or fixed (max)
amplitude and actual pulse or fixed pulse width. Fixed pulse widths are useful
when the pulse width is much smaller than the sample interval (1/sample rate) is
used.

For example, Frog muscle stimulation uses a 1 ms pulse width and a sample rate
of 2000 samples/second to capture the muscle response. At this sample rate, the
stimulus pulse cannot be reliably recorded. By using the fixed width of 15 ms, the
pulse should be recorded.

If using digital input from D1 - D8, select actual or fixed (15ms) pulse width.

Usage Guidelines & Setup Summary for BSLSTM Output Control
HUMAN SUBJECT SAFETY

o Before using the stimulator on human subjects, it is very important to limit the
energy the stimulator outputs. For optimal safety:

o Before powering on the BSLSTM stimulator, set the voltage level to zero by
rotating the LEVEL knob on the front of the BSLSTM fully counterclockwise.

o Use BIOPAC HSTM Series Probes. You MUST use these probes in order to
limit the energy the stimulator can output.

e Never create an electrical path across the heart.

o Never use on subjects with pacemakers.

e Read this manual and the BSL Hardware Guide to become familiar with
Stimulator operation.

1. Connect the BSLSTM Stimulator to the MP36R and power on both units. (For instructions on how to
connect the BSLSTM to the MP36R Acquisition Unit, refer to the BSL or MP Hardware Guides.)

2. Connect the Stimulator Trigger cable to the Analog Out port of the back of the MP36R hardware.

3. Connect the Stimulator Reference Output cable to an Input Channel on the front of the MP36R
hardware. This channel will be set up in Step 8 below as the Stimulator Reference Channel.

4. The Reference pulse has a fixed Pulse width of 15 milliseconds, so chosen so that the Sample Rate of
the recording may be as low as 100 samples/second and still capture the Reference pulse.

5. Before powering on the BSLSTM stimulator, set the voltage level to zero by rotating the LEVEL knob
on the front of the BSLSTM counterclockwise all the way to the left.

6. Open a new data acquisition graph.
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10.

11.

12.

13.
14.
15.
16.
17.
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Confirm that Events are activated. Events are activated by default. If not activated for a given
recording, choose Display > Show > Events.

Set up the Stimulator Reference Channel. This is the Analog Input Channel on the front of the
MP36R that receives the Stimulator Reference Output cable from the back of the BSLSTM. Remember,
the reference channel is is generated from the stimulator and not the software.

Choose MP36R > Set Up Data Acquisition > Channels. This will generate a Set up Channels dialog.

Select the Acquire, Plot and Enable options for the analog channel to use as the Stimulator Reference
Channel.

Click Presets and scroll to select “Stimulator (0-10V)” or “Stimulator (0-100V)” to match the Range
switch setting on front of the BSLSTM.

Click Setup to view or change the analog channel parameters. Review the BSLSTM Stimulator section
(page 192) and Analog Channel Setup section (page 116) before modifying channel/preset parameters.

You may set the Gain and other input parameters as desired.

Click OK to accept the parameters.

Close the Set up Channels window.

Adjust the voltage output of the stimulator by using the Level control on the front of the BSLSTM.

Rotate the Level knob clockwise to increase and counterclockwise to decrease, reading the voltage in
the BSLSTM’s digital display.

Stimulator Safety Features

The stimulator cannot operate unless its Output Control panel is open.

The Pulse ON/OFF Switch on the Stimulator Output Control panel must be OFF in order to open and configure
Stimulator Preferences.

If the Stimulator Output Control panel (or the AcgKnowledge application) is closed in the middle of a pulse
train while the stimulator is running, the stimulator will shut down and the pulses will stop.

If another data acquisition window is activated, the stimulator will stop and remain OFF unless restarted using
the parameters associated with the new data window. The only exception is that if the stimulator is ON and the
data window corresponding to current stimulator parameters is acquiring data, then the stimulator will continue
to run until the end of the acquisition.

Visit the online support center at www.biopac.com
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Chapter 11 Set Up Event Marking

Events (Markers)

iILI_"I Iise for inserting events during acquisitions: | E |
Action Events K

j f* Insertevent

Hotkey: Escape Event list

~ Create/togale focus area

+ Selected event

Display —
Type: IDEfault LI :
+Actions
Channel; IGIu:ul:uaI j
Event Toolbar Event Insertion Event Control

Event (Marker) Overview

For detailed analysis, it can be useful for waveforms to have extra information associated with them. This
information might include waveform boundaries from ECG analyzers, spike classifications from a spike sorter,
heartbeat classifications, or even detailed user notes. AcqKnowledge 4 uses “event” functionality to store and
manage this information.

An event is a piece of information associated with a specific time in a waveform. An event can capture points of
interest within a file (i.e. subject moved, dose added) or on a particular channel (i.e. T-wave onset). Once events
are marked in the file, AcgKnowledge can use the event information for analysis, including measurement (page
229) and cycle detection (page 321).

= An event has the following pieces of information associated with it:
0 Event type
o Sample location: the time position in hardware samples where the event is defined.
0 Channel: the channel for which the event is relevant.

0 Some events, such as the time of the start of an appended segment, may be relevant to all of the
channels of a graph—these are “Global” events.

0 Label: a string of text that can be entered either automatically or by the user to provide more
information about an event. Labels can be fixed or sequential in AcgKnowledge 4.2 and up.

= Different event types can be entered automatically or manually. These different event types allow
events to be filtered and also support analysis routines that key off of these events.

o Event insertion tool
0 Set up Event Marking (see page 216) to manually insert events during acquisitions

o0 Copy/paste measurements and Copy/paste wave data operations can insert events at the
selection boundaries; choose “Mark with events” under Preferences (see page 214)

0 Cycle Detector Output Events option (see page 321)
o Contextual menu in Event region

0 Specialized Analysis (see page 345) to automatically insert events according to complex
analysis algorithms
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Event Toolbar

RN

The event toolbar displays the visible events in the graph and provides a quick editing area for event
descriptions. The right button toggles visibility of the Event Palette for detailed control (see page 217). The
palette will “refresh” when events change the event configuration, such as horizontal scrolling, scale changes,
changes in the selected event via clicking in the graph window, editing of the event label by using the event bar,
transformations that define new events for the graph, waveform editing operations, and additions of new events
by clicking the event bar at the top of the graph window. The right/left arrow buttons are for navigating through
events. If events are placed in the waveform, the arrow navigation will locate events in the selected channel
only.

Event Tooltips

If events are being displayed within the plotting area and tooltips are enabled, a tooltip will be associated with
every event in the plotting area. The tooltip includes the event type description, the user-defined label (if
present), the time location of the event, and the amplitude of the waveform at the event location. While this
information can be drawn directly on the graph, event tooltips assist in browsing event information when the
screen becomes too crowded and there is not enough room to display all of the times, amplitudes, and labels.

Event tooltips are displayed under the event icon.

= |f the event is being plotted directly on the waveform, this will be the point on the waveform associated
with the event.

= [fthere is an indicator and the event icon is at the top of the indicator, the tooltip will be anchored at the
top of the indicator.

= |f the events are being plotted at the top of each track, the tooltip is anchored at the top of the plotting
area directly underneath the event icon.

Event tooltips will not be displayed if tooltips are disabled, if events are only being displayed in the events bar
at the top of the screen, if X/Y mode is in use, or if events are not currently visible.

Preferences for Events

—Editing

[~ Mark waveform edits with events

Sl EEs IEEf type ;I —Wave Data Journal Paste/Clipboard Options-

Sort grouped events: IB time YI
-t ¥ [ Include time walue

¥ Indude head
¥ Indude header By label ™ Include timestamp

™ Indude only visible events in summar
4 Y [ Mark selection with events in graph

Preferences > Event Summary and Waveform
Use the “Event Summary” section of the Preferences dialog to set options for pasting summaries of events into
the journal.
= Group events
Sorted by type sorted by event type descriptions first

Sorted by channel grouped based upon where they are defined (Global events appear first, followed
by groups for each individual channel).

Visit the online support center at www.biopac.com
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= Sort Grouped events
Sorted by time sorted in order by increasing time
Sorted by label sorted alphabetically by label
= Include only events visible on the screen

Determine if the summary is generated for all of the events that are in a graph, or only for those events
that are currently visible on the screen. If there are thousands of events in a file, this feature allows the

list to be pared down to those of interest.
Event summary options will be saved with the graph if the graph has a graph journal, and can be pasted into the
journal using “Summary in Journal” Event Palette Actions command (see page 221).
Other event preferences are available under Preferences > Waveforms

e Mark waveform edits with events

e Mark selection with events in graph—enabling this preference automatically brackets the edges of
selected data areas with “selection begin” and “selection end” events when measurements or
waveform data are pasted to the Journal. (This option is also available under Preferences >

Measurements.)

“Selection Begin” and “Selection End” events

“Selection begin” and “selection end” events may also be applied manually by selecting an area of data

and choosing the “Mark Selection” button in the Selection Palette.

e Include time value— include the time value (relative to start = 0) for the paste.

e Include timestamp—Include time and date stamps for when the paste occurred; this timestamp will
match any timestamp pasted into the journal. When selected, any selection events added to the graph
will have their labels set to match the timestamp.

e Auto-paste results in independent journal (Preferences > Journal)—Selection events and time
stamp events can be automatically inserted to an independent Journal.

Combine these options to retain enough information to reproduce measurement results and correlate
measurement results with specific areas of the graph; this helps verify the accuracy of measurement results
made through manually constructed graph selections.

Any change to these settings will be retained within a saved graph file and will become the default for newly

constructed graphs.
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Event Marking Setup

Hotkey

Action
Event type

Channel

Label

Events of different types
can be inserted during
acquisition, whether or
not events are visible in
the graph. When a hotkey
is pressed during
acquisition, an event will
be inserted into the graph
at the end of the most
recently acquired data.
Each hotkey can have a
different configuration,
adjustable through a
dialog accessible via the
“Hardware > Set Up Data
Acquisition > Event
Marking...” menu item.

Assign Escape or F1 through F9. When a different hotkey is chosen, the other controls of the
dialog change to reflect the configuration of the new hotkey.

Choose whether the Hotkey assignment creates an event or a focus area.

Lists the standard hierarchical menu of available event types; Types are detailed on page 223.
Choosing a new type from the pull-down menu will change the type of event inserted when the
hotkey is pressed during acquisitions.

Contains a “Global” entry and all of the channels (analog, digital, or calculation) set to
“Acquire” in Set Up Channels.

= “Global” will define global events drawn in the event bar above the graph data

= Choosing a new channel from this menu will cause events to be inserted on the appropriate
channel of the graph when the hotkey is pressed.

Edit field for label text and toggle optional inclusion of time stamp and/or date stamp. Stamps
correspond to the time of the system clock when the key was pressed, that is, the time of the
event insertion in “real clock time.”

= Fixed - Provides a fixed label from text entered into the label field to the right. This label is
used every time the assigned hotkey is pressed. (AcgKnowledge 4.2 and higher)

= Sequential - Labels for events will iterate sequentially through the entries in the table index
when the assigned hotkey(s) is pressed. The area under ‘Label’ is editable for entering text.
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Additional Hotkey Setup Controls Function

Add Adds an editable label field to the list.

Rename Allows renaming of the existing segment label.
Delete Deletes a selected custom label.

Delete All Deletes all custom labels.

Up Incrementally moves a selected label up the list.
Down Incrementally moves a label down the list.

Top Moves a selected label to the top of the list.
Bottom Moves a selected label to the bottom of the list.
Include time Adds timestamp to labels when checked
Include date Adds current date to labels when checked

Create/Toggle Focus Area Action

Selecting the ‘Create/Toggle Focus Area’ action presents a similar setup dialog, but dictates that hotkeys setups
will be assigned to defining Focus Areas instead of inserting events.

When this option is chosen, pressing an associated hotkey during a recording will initiate a focus area in the
graph. Toggling the same hotkey will conclude the focus area. The focus area will appear highlighted and
outlined in the graph following the second (termination) keystroke. As with events, multiple hotkeys and labels

can be assigned.

Example for setting up a Focus Area Hotkey:

1.
2.
3.
4

5.

Choose the desired hotkey from the Hotkey list.
Under Action, select ‘Create/toggle focus area.’
Assign the focus area a label by typing it into the *‘Base focus area label’ field.

If additional focus area hotkey assignments are desired, choose another hotkey
from the list, and repeat steps 2 and 3.

When focus area hotkey assignments are completed, click OK.

= |f the same hotkey combination is repeated to create subsequent focus areas, the base focus area
label will remain the same but with incrementing numbers appended to the title.

= |If a different hotkey combination is used for subsequent focus areas, unique base focus area names
will be used as assigned.

= Starting a focus area assigned to one hotkey and then starting another focus area assigned to a
different hotkey will terminate the original focus area and start a new one.

= Focus areas can be created and toggled while a recording is in progress.

= Focus areas can be shown/hidden by choosing the the Show/Hide toolbar
function (right) and checking or unchecking the “Focus Areas” option.
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Event Palette

lﬁ' CoTE— Al The event palette is a floating window that
I List visble events only provides a quick summary of events for the

A — [ooton 7 Jial top most graph and can used to examine,

#Event lisk———— | hepend dasosec S search, and modify events. Events can be

Default  8.120sec  E extracted in a time range for a specific
i Default 9.230 sec LEiﬂ

Slhramns el event type and specific channels.

.

D“"P'E' Y Ef;fdlm—;l There is only one visible event palette for
HActions Channel: [Giobal =] the entire application. The palette consists
Audio |  tebet[Event3 of four sections: event list, selected event,
waton:[10730 =c | display, and event actions. Each section
EDisplay can be shown or hidden by toggling the
R, o =1 disclosure button next to its title.

¥ Show user description

I™ Show location S Event List, see page 218.

I Show ampitude Selected event, see page 219.
Indicator length: _|— ;
; Display, see page 220

Font... |Align:i"?i:|
Actions, see page 221.

000

Angle: ID deg.
Set as Defaults | o0 See the Event Journal
Summary enhancements.

= Actions
Find... | Find Mext

Cut Selected Event

Clear.. | Clear All

Mark Selection

Summarize in Journal... |
Restore from Snapshot... |

ElAudio
P|E",-" |
Record... Remove |
Event List
= The event list provides an expandable, scrollable,
E'IE“"L*::V‘;;'E svents oy hierarchical view of the events in the topmost graph.
| | | Events are grouped by their channel on the top level.
Events Location /| Label . . .
= Global The event list has three columns of information:
. Append 0.000 sec Segment 1 .
"-.rﬁ:urrn Onset - 4.655 sec Waveform Onset = Events: the readable type for each event
p7issec  Baselne = Location (Time): the time location for each event
e 10310 sec st = Label: the user defined description for the event.
: Waveform End 13.590 sec Waveform End
‘- CH1, Analog input

Sort the contents in ascending or descending order on each column by clicking the column header. Events and
Description will sort in standard alphabetical order, Location will sort based on the horizontal axis location of
each event.

Select a single event from the event list by clicking on a single event. The event will be selected in the graph
window and made visible if it is not currently displayed.

List visible events only toggles the checkbox to switch between the two display modes.

= When enabled, the event list will display only those events that are being displayed on the plotted portions
of the graph. As the user navigates through the graph with the scrollbars, horizontal scale, or other means of
changing the amount of visible data, the event list will continually refresh to contain the new set of visible
events.
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= When disabled, the event list will display all of the events for the entire graph. This can allow for easier
navigation through graphs with hundreds of events, such as PhysioBank files.

Selected Event

- Selected event

General ¢ )
Type: |Waveform Onset x| Notes b Event type options are
channel: [Global = User-defined . detailed on page 223.
Label: I‘mur description here Hemodynamic L
Ph I ¢
Location: |4.655 =1 armacaiogy
e Meurophysiclogy  *
Respiration r
Stim/Response r
EDA ¢
Clustering ¥
Waveform Edits *
Selections ¢

When a single event is selected, the type, channel (or “General” for global events), user-defined label, and
location of the event will be filled in and can be edited. The controls can display information about only one
event at a time; if no event is selected, the controls will be grayed out.

Event Location

“Location defines the position where the selected event occurs, relative to the first sample in the file. To change
the location of an event, change the position entered in the Location box. Precision matches the horizontal axis
setting.

Events (with the exception of Append events) may be repositioned if desired. Alt-click (Windows) or
Option+click (Mac) over the event icon and hold down the mouse button. Then simply drag the event to the
desired location on the event bar and release the mouse button.
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Display

= Display

Display: Il:]n waveform ;I
[# ShowJngvent bar

[~ Shoy Top of plot
on waveform, with indicator
I™ Shov Top of plot, with indicator

Event display location
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- Display
Display:

waveform

0n
¥ Show user description
™ Show location
[~ Show amplitude
Indicator length: "_i

Font... | Align:i"?izl
Angle: II!II'H—'—'-"III o deg.

Set as Defaults

Event display detail

Display controls determine the location and detail of events to be drawn in the frontmost graph.
2 Location—Choose one of the five display methods (described on page 220).
o Detail—the three checkboxes to establish how much information to include with events.

< Indicator length—Set the slider to shorten or lengthen the indicator line. This option is only active if
the display mode is “On waveform, with indicator” or “At top, with indicator.”

S Font- Align - Selects font style and alignment of Event labels.

< Angle — Determines the angle in degrees that the Event text can be displayed in the graph. Value can
be positive or negative.

S Set as Defaults — Saves any modified event palette settings as the default for newly inserted events and
subsequent graphs. Applying this option has no effect on previously existing events. (AcgKnowledge
4.4.1 and higher only.)

Location & Display
In event bar

On waveform

LTS
/ y

Top of plot

LT
/ \

On waveform, with
indicators

Description

Event icons are displayed in the global events bar located on top of the plot area in the
graph window. This does not allow for distinguishing what channel a specific event
belongs to.

= To select the event, click the icon in the events bar.
Event icons are displayed above or below the actual sample in the source channel
corresponding to the location of the event.

= To select the event, click the event icon on top of the waveform.

Event icons are displayed at the top of the channel track, either on top of the grid or in
a channel-specific events bar.

= To select the event, click the icon at the top of the channel track.

Event icons are displayed above the data with a vertical line of configurable length
running through the data sample of the source channel at the event’s location.

= To select the event, click the event icon or the indicator line.
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Location & Display

t

Top of plot, with
indicators

1

Detail

Actions

Actions Button

Find

Find Next

Cut Selected Event

Clear
Clear all

Description

Event icons are displayed at the top of the channel track with a vertical line of
configurable length running through the data sample of the source channel at the
event’s location.

= To select the event, click the event icon or the indicator line.

When an event is being plotted within a graph, either on the top of a channel or
floating above the data, the event's location, description, and amplitude of the
waveform at that location can optionally be displayed along with the event icon.
Plotting of additional information can be used for graphical annotations on the data
and for clarifying event location for hardcopy or presentation.

Find events that
— dre of type Default T]

_ are defined on |_Global Tj

| have labels containing the text ||

| Cancel ) f_—ﬁnd—ﬁm—_}

Description

It is easy to create many more events then one can easily scroll through and locate
in a list. Find controls the automatic location of events based on established search
criteria.

Click the Find button to generate the Event search criteria dialog, and then
combine or restrict information to define desired events: event type, specific
channel location, or label search.

Click “Find First” to search for the first event in the graph that matches the
criteria. If found, the event will be selected and made visible in the graph window.

Finds the next single event that matches the established search criteria until no
remaining events match the search criteria.

Active only when an event is selected, removes the selected event from the graph.

Generates a search criteria dialog (similar to the Find dialog) and removes all
matching events from the graph. There is also an option to clear events defined
within a focus area without affecting the remaining events, or to clear events
defined outside of a focus area while leaving events within the focus area intact.
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Summarize in Displays a dialog with controls that affect which events are included in the
Journal summary.

Events can be filtered by visibility on the screen. Creates a textual summary of all
of the events in the journal.

= See “Event Preferences” on page 214 for more information about
modifications to the traditional events summary.

Event Journal Summary Enhancements

Event Journal Summary
¥ Incude visible events anly

" Summarize gll types of events Uncheck this to summarize all of

1+ Summarize only events matching the following criteria:

[~ are of type IDefauIt -
[~ aredefinedon |Global 'I
[~ have labels containing the text

™ use focus area

& are defined within focus areas

1~ are defined outside of focus areas

|

Events to be included in the summary can be filtered using the same criteria as
Find... in the Event Palette. By adding the ability to summarize only events
matching specific criteria, textual reports of arrhythmias or other infrequently
occurring events of interest can be generated with ease. Events defined within or
outside of focus areas can also be included or excluded from the summary.

When “Summarize in Journal” is clicked on the event palette, a dialog will be
displayed with controls that affect which events are included in the summary.

If there is no journal for the current graph, you will be prompted to create a
journal.

No journal is open.

You hive choden 16 summarize the eventd o the jeurmal, bt
na pournal i3 currenthy svailable. Do you want 1o create a
journal now?

EHe) (_ves )

Mark Selection Defines two new Global events in the graph at the precise time locations of the
currently selected area (the highlighted wave data section). If there is no selection
in the graph, this button has no effect. The events that are inserted will have the
“Selection Begin” and “Selection End” event types.
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Restore from Enables deleted events to
Snapshot be restored from events
present in a Data Snapshot.
This option becomes active

Restore Events from Data Snapshot

only if a Data Snapshot of Snapshot: [foo1, 03/15/2011 12:36:22 Pacific Daylight Time =]
the main graph IS Restore events: IEverywhere vl
displayed. The followin

p y . . g Global oK I Cancel |
prompt will be displayed CHL. Analog input

when Restore from
Snapshot is selected. For information on Data Snapshots, see page 54.

Audio
= Audio

Play

Record... Remove

This option allows you to record audio (such as verbal observations) and
link it to selected events in your event list. The controls are very simple to
use, and the audio is recorded via your computer microphone or selected
audio capture device.

To set up a recording, select an event in the Event list and click “Record.”
This opens the “Record Audio” setup dialog (see right).

Record Audio Description

buttons

Input device: Select the onboard audio capture device to be used for the recording. Use the default or
select another from the list of supported devices.

Record Click to start the recording.

Stop Click to end the recording.

Preview Listen to the recording before linking it to an event. If recording is acceptable, click OK. To

repeat recording, click Record again.

Once a recording is accepted, it can be played back by clicking “Play” in the Audio controls or by selecting the
audio-linked event in the Event list. Selecting the linked event in the graph’s event bar will also play the
recording. Recordings can be erased by clicking the “Remove” button. One a recording is removed, it cannot be
recalled.

Event Type Options

Event Types are pre-defined options for assigning event information. The Event Type is for marking purposes
only and does not imply any analysis has or will occur for the event (unless Specialized Analysis was
performed, see page 345).

Once Event Types are defined, some analysis functions can be automated, including measurement (page 229)
and cycle detection (page 321).
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Event classifications:

Default

Event classifications group similar event types together into a logical
category. Event classifications present event types in a hierarchical
fashion and allow other event classifications to be contained within

General . them.
MNotes * | For example, the “Hemodynamic” event classification includes a
User-defined » | “Beats” sub-class with pre-ventricular contraction and escape beat
Hemodynamic 3 event types.
Pharmacaology ¥
Meurophysiology k
Respiration L
Stim/Response k
EDA b
Clustering k
Waveform Edits k
Selections r
B-Alert ¥
BioHarness >
SMI Impart >
Maobita >
Sleep Scoring k
Event type Classification
Global This is the same as ‘untyped’ markers from AcgKnowledge 3.6 or earlier.
Unrecognized event types will be classified as global events.
Append Automatically inserted by the program on append operations. Custom Append
labels can be created in Hardware > Set Up Segment Labels. (See page 236.)
Notes Annotation event to add notes on the data.

User-defined

Hotkey insertion for user-specific events; 9 types can be inserted via the
keyboard during acquisition.

Pharmacology

Basic pharmacological events: baseline, washing, and dosing.

Waveform Edits

Automatically inserted by the program on cut or paste operations in a graph file.
The description consists of the edit operation performed and a timestamp.

Insertion of waveform edit events is off by default, but can be turned on for GLP
purposes.

Selections

Used to mark boundaries of selected areas.

Classification

Pre-defined Event Type Options

Default “Esc” key inserts global event.

General Waveform onset or end Maximum and minimum
Change in signal quality or rhythm Reset
Recovery Append

Hemodynamic Normal Nodal premature

> Beats Paced Supraventricular premature
Fusion of paced and normal Premature ventricular
contraction
Unclassifiable R-on-T premature ventricular
contraction
Left bundle branch block Fusion of ventricular and
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normal

Right bundle branch block
Bundle branch block
Atrial premature
Aberrated atrial premature

Atrial escape

Nodal escape
Supraventricular escape
Ventricular escape

Hemodynamic
> Blood Pressure

Systole
Diastole

End Systolic pressure
End Diastolic pressure

Hemodynamic
> ECG Complexes

QRS onset, peak, and end
T-wave onset, peak, and end
P-wave onset, peak, and end
Q-wave peak

U-wave peak

PQ junction

J-point

ST segment change

S-wave peak T-wave change
Hemodynamic A-point O-point
> Impedance B-point X-point

C-point Y-point
Hemodynamic Plateau Upstroke

> Monophasic AP

Hemodynamic

Start of ventricular flutter

Pacemaker artifact

> Other Ventricular flutter wave Isolated QRS-like artifact
End of ventricular flutter Non-conducted P wave
Notes Arrow—short, medium, or long Star
Flag
Pharmacology Baseline Wash
Dose
Neurophysiology Spike Episode Begin Spike Episode End
Respiration Inspire Start Inspire End
Apnea Start
Stim/Response Stimulus Delivery Response
EDA Skin Conductance Response Specific SCR
Clustering Cluster 1-9 Cluster n
End Cluster Outlier
Training Set
User-defined User Type 1-9
Classification Pre-defined Event Type Options
Waveform Edits Cut Paste end
Paste begin
Selections Selection begin Selection end
B-Alert Start of Eye Blink Artifact End of Eye Blink Artifact

Start of Excursion Artifact
Start of Saturation Artifact
Start of Spike Artifact
Start of EMG Artifact
Workload — EMG Start

End of Excursion Artifact
End of Saturation Artifact
End of Spike Artifact

End of EMG Artifact
Workload - EMG End
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Workload — Invalid PSD Start Workload — Invalid PSD End
Dummy Data Start Dummy Data End
Misaligned Data
BioHarness Button Pressed
SMI Import Left eye hit object Right eye hit object
SMI stimulus image has been presented to the subject
Mobita Start out of range End out of range
Sleep Scoring Wake Onset Wake End
REM Onset REM End
Sleep Stage 1 Onset Sleep Stage 1 End
Sleep Stage 2 Onset Sleep Stage 2 End
Sleep Stage 3 Onset Sleep Stage 3 End
Sleep Stage 4 Onset Sleep Stage 4 Ebd
Unscored Onset Unscored End
Sleep Spindle Onset Sleep Spindle End

Event Measurements

Measurements are a quick way to extract information from a graph. Three measurements extract information
from events. When combined with the Cycle/Peak Detector (page 321), they are also powerful data reduction
tools. These event measurements can provide quick summaries of event information, compute mean intervals
between event types, and detail other operations.

= evt_ampl Event Amplitude Measurement (see below)

= evt count Event Count Measurement (see page 227)

= evt loc Event Location Measurement (see page 227)
Event Amplitude Measurement

evt_amp — Extracts measurement results where events are
defined. Note that the amplitude is always taken from the
measurement channel, which may be different from the
channel on which the events are defined. Useful for
extracting information such as the average T wave height
within the selected interval. The measurement result is
displayed without units (matching Value and other
amplitude events).

Select Event Amplitude or click the measurement info
button to generate the settings dialog.
Event Type Determines the type of events that will be processed; Types are detailed on page 223.
Location Determines where the processed events need to be defined. The menu options are:

= Measurement channel only—Only extracts amplitude values for events that are defined on
the channel specified in the measurement channel pull-down menu. Global events and other
channel events are not included.

= Global events only—Only extracts amplitude values for events that are defined as global
events appearing in the events bar; changing the measurement channel will not affect the
measurement result. Channel events are not included.

=  Anywhere—Extracts amplitude values for events defined on any channel and also global
events; changing the measurement channel will not affect the result

Extract Determines what processing will be performed on the amplitude values extracted from events that
match the Type and Location settings. The processing options are:
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Amplitude at first event only—The value of the measurement channel at the time of the first
matching event in the selected area.

Amplitude at last event only—The value of the measurement channel at the time of the final
matching event in the selected area.

Sum of amplitudes at all events—Computes the sum of the value of the measurement channel
from each matching event within the selected area.

Mean amplitude from all events—Computes the average amplitude value of the measurement
channel from all of the event locations within the selected area.

Minimum amplitude from all event —Computes the minimum amplitude value of the
measurement channel from all of the event locations within the selected area.

Maximum amplitude from all events—Computes the maximum amplitude value of the
measurement channel from all of the event locations within the selected area.

Median value of amplitude from all events—Computes the median of the set of measurement
channel amplitudes at all events.

Peak to peak interval of the set of amplitudes from all events—Takes the peak-to-peak
difference from the set of measurement amplitudes at all events (max - min).

Standard deviation of amplitudes from all events—Computes the standard deviation of the set
of measurement channel amplitudes at all events.

If there are no matching events of the selected type in the selection, the measurement result will be zero.
Event Count Measurement

evt_count — evaluates the number of events within the
selected area. The measurement result is unitless.

Select Event Count or click the measurement info button to
generate the settings dialog.

Event Type Determines the type of events that will be counted; Types are detailed on page 223.
Location Determines where the counted events need to be defined: the pull-down menu options are:

Measurement channel only—Only includes events that are defined on the channel specified
in the measurement channel pull-down menu; global events and other channel events are not
included.

Global events only—Only includes events that are defined as global events appearing in the
events bar; channel events are not included. Changing the measurement channel will not
affect the measurement result.

Anywhere—Includes events defined on any channel and also global events. Changing the
measurement channel will not affect the measurement result.

If there are no matching events of the selected type in the selection, the measurement result will be zero.

Event Location Measurement

evt_loc — extracts information about the times of events.
The measurement result will take on the units of the
horizontal axis; if specific units were set for time or
frequency via Preferences, those units will be used.

Select Event Location or click the measurement info button
to generate the settings dialog.

Event Type Determines the type of events that will be processed; Types are detailed on page 223.
Location Determines where the processed events need to be defined. The menu options are:
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= Measurement channel only—Only extracts the time of events that are defined on the channel
specified in the measurement channel pull-down menu; global events and other channel
events are not included.

= Global events only—Only extracts the time of events that are defined as global events
appearing in the events bar; channel events are not included. Changing the measurement
channel will not affect the measurement result.

= Anywhere—EXxtracts the time of events defined on any channel and also global events.
Changing the measurement channel will not affect the measurement result

Extract Determines what will be extracted from events that match the Type and Location settings:

= First event location only—The measurement will equal the time at which the first matching
event in the selected area is defined.

= Last event location only—The measurement will equal the time at which the final event
within the selected area is defined.
= Sum of all event locations—The times at which all matching events are defined are added
together to produce the measurement result. This sum of times can be combined with Event
Count measurements to compute average intervals over the selected area.
If there are no matching events of the selected type in the selection, the measurement result will be zero.
Printing Events

When a graph is printed and events are displayed onscreen for the graph, event icons will print as they are
displayed. Event icons will be scaled, depending on the printer's DPI, to be proportional to the vertical scale
plotted on the screen. If events are located at linearly interpolated positions, event icons will be dimmed on the
printout (see the Variable Sample Rate section).

Event display setting  Printed result

Global events Global events are drawn above and outside of the data plotting rectangle in the
printout. If the event labels are close together, their alignment will be staggered to
show separate lines of label text. (AcqgKnowledge 4.2 and higher)

In event bar All events are drawn above the data area of the printout. Only labels may be drawn
with the events.

Top of plot or Channel-specific events are drawn at the top edge of their channel’s track. No

Top of plot, with indicator lines are drawn. Depending on the display settings of the graph, the event

indicator label, amplitude of waveform at the event location, and Time of the event may be
printed below the event icon

On waveform or Channel-specific events are drawn immediately above the position of the

On waveform, with ~ waveform sample at their location and will appear to be printed immediately above

indicator the data of the waveform. No indicator lines are drawn. The vertical printing

position of an event icon will be identical for “On waveform” and “On waveform,
with indicator” displays. Depending on the display settings of the graph, the event
label, amplitude of the waveform at the event location, and time of the event may
be printed above the event icon.

“Draw vertical divider at event locations” option in the Print Setup dialog.

= Enabled: draws a dashed vertical line at the precise time location of each event. Vertical divider lines for
the event type will extend

Global Through all channels of data
In event bar Through all channels of data
Top of plot From the top to the bottom of the relevant channel track
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On waveform From the top to the bottom of the relevant channel track

= Disabled: prints only the event icon, label, amplitude, and time. No indicator lines will be printed for the
event display. The vertical divider can be used in place of indicator line drawing.

Events and Waveform Editing

Waveform editing will adjust event locations for channel-specific events. Waveform editing will never alter the
time values for Global events (not associated with any specific channel, such as append events).

Copy When a portion of a waveform is copied the channel events will also be copied to the clipboard.

Cut When a portion of a waveform is cut, events within that selected area will be removed and channel
events to the right of the removed area will be shifted to the left.

= If waveform editing event insertion is active, a waveform edit event will be inserted at the location
of the edit operation indicating a “Cut” operation in its description.

Paste When the waveform is pasted from the clipboard, the channel events will appear at their same locations
and any channel events to the right of the end of the pasted segment will be shifted by the length of the
pasted segment.

= If waveform event insertion is active, a waveform event marker will be inserted at the beginning
and at the end of the pasted segment.
Constructing Graph Selections from Events
Graph selections can be defined from events (in addition to the I-beam tool).
1. Click the first event to select it.

2. Hold down the Control key (Windows) or Command key (Mac) and click the second event. A selected
area will be created in the data between the two events.

Event Plotting and Variable Sampling Rate

Event positions are defined in terms of the hardware sampling rate. The Variable Sampling Rate feature can
generate waveforms with a sampling rate lower than the hardware sampling rate. Through explicit event
definition, waveform downsampling, or other operations, events on a downsampled channel may not align with
an actual waveform sample, but rather occur at a hardware sample position in between the waveform samples.
These events will be drawn using linear interpolation when applicable, and only if the waveform is being drawn
in line plot mode. In step plot and dot plot modes, regular event drawing routines are used, with the vertical
position and amplitude of the nearest waveform sample to the event’s left.

When an event is to be drawn on an intermediate position on a waveform, the linearly interpolated value is
calculated for the hardware sample location. The interpolated value is derived from the closest waveform
sample to the left and to the right. The vertical position on the waveform of the event and indicator line will
match the vertical position of the linearly interpolated sample amplitude. This will place it immediately above
the line connecting the two waveform samples on screen.

If an event is being drawn using linear interpolation
= Event icons will be dimmed, regardless of their display position (on waveform or top of the plot).

= [Indicator lines will be drawn on the waveform at a linearly interpolated position and the indicator line will
be a gray dashed line instead of a solid black line. (Indicator lines are never printed.)

= Amplitude labels, if included with the event, will correspond to the linearly interpolated amplitude at the
event location and the linearly interpolated amplitude will be drawn in italicized text.

See the YouTube video for a detailed explanation of Events and Event marking.
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Chapter 12 Other Hardware Menu Commands
This chapter covers the following MP hardware menu items not appearing in other chapters:
Show Input Values Display channel data values in real time in a color bar graph format.
Show Manual Control (MP150 Monitor and/or output pulses through the digital input/output.
only)
Show Gauge Displays onscreen blood pressure gauge or stopwatch.
MP150 Info (MP150 only) Displays configuration and firmware information for the MP150 hardware.
BioNomadix Logger options Only applicable when BioNomadix Logger hardware is used. Contact

BIOPAC for information about the Logger.

Autoplot — Scrolling — Warn on Data display options during acquisition.
Overwrite options
Organize Channel Presets Rename, delete, reorder or configure channel presets.
Set Up Linked Acquisitions Record data simultaneously from multiple hardware devices.
Manage Hardware Connections Connect, disconnect or switch supported hardware types.

Show Input Values

S Y T 3 T B: Input values for "No ha... MI[=1 EJ . Input values for 'No ha___[H[=] EI
ertieal he Hold Options. .. Hold Options...
Font: |.-'-\r|al =1 ECG 471960 -3.28040 4719650 043835

Al

= g s
Predision: IS LI digits
RSP 043835
¥ Show channel numbers A2 3.28040 0.56165
: 0.00000) ECG RSP
¥ showunits W Show labels Volts A A2
0.00000 0.00000
¥ show Min/Max | Show values mv Volts

The Show Input Values option of the MP (Hardware) menu generates an Input VValues window, which displays
channel values in real time, whether an acquisition is in progress or not—which allows you to display values
prior to or after an acquisition.

The Input Values display can be set to numeric, horizontal or vertical bar graph format, and it can be resized
and moved to any position on the screen. To set the display mode, use the “Mode” menu generated via the
“Options” button.

Note The Input Values window only displays values for channels that were Set Up with the “Values” box
checked (see page 111 for more information).

Hold Regardless of the display options selected, the display can be “frozen” at any point in time by
clicking the Hold button. Clicking this icon will hold the values at their level(s) when the icon
was pressed. The window will remain frozen until the icon is clicked again. Once the values
are “unfrozen,” the values will return to the standard real time display mode.

Options Mode controls the format of the values display.

e Numeric Values—displays the voltages of the appropriate channels numerically.

e Bars: Horizontal bars or Vertical bars—the range of values of the bar graphs
corresponds to the range for that channel in the graph window. To see the bar “bounce”
less for a particular channel in the graph window, increase the units per division.

e Font and Size determine text display from fonts installed on your computer
Precision controls the total number of digits displayed.

Show controls the amount and type of information displayed regarding each channel. Click the
box next to each option to activate or deactivate it.
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e Channel Numbers will display the channel numbers (Al for the first analog
channel, for example).

e Units will display the units for each channel (as indicated in the main graph
window).

e Labels will display the channel labels (ECG 1, Respiration, etc.) along with the
input values. This feature is especially useful when values from multiple
channels are being displayed simultaneously.

e Min/Max will display the range of values associated with the data. This range
corresponds to the upper and lower display limits for each channel as it appears
in the graph window.

e Values will display number values along with the horizontal or vertical bar chart.

Manual Control (MP150 only)

B Manual control for 'MP150 00DA29" S [=IFA| Wl B anual control for 'MP150 D0DSOF
[~ sTM100 Digital I/ 0 Analog outputs v sTM100 STM100/ Digital
Out | out =
o0 1 2 3 4 5 8 7 .
Set Dlulolllolololol 0 1 STMlOUAtbenuatlon.lU dB
I — 2

Qutput

|- Invert output
STM100 option

[~ setimmediately

8 9 10 11 12 13 14 15
resd |l elo] e el e 1]

Input |

I Read continuously

=] =
|0.0000 J0.0000
Yolts Volts

The Manual Control dialog allows you to monitor and/or output pulses through the digital input/output (1/0)
channels, as well as manually set the magnitude of the signal on either of the analog output channels. The
digital outputs in Manual Control cannot be used to trigger an online Averaging acquisition.
Stimulator Usage Note
Use Manual Control to specify the stimulation output level

a. If the wide range of waveform output options available in the Stimulator Setup dialog cannot
match your specifications.

b. For pre-stimulation and post-stimulation.
See page 180 for important Analog Output details.

The 16 digital channels are sectioned off into two blocks, with the first block consisting of I/O channels 0
through 7, and the second block consists of 1/0 8 through 15.

o All the channels within a given block are programmed together and can be set as either inputs or
outputs.

e The two blocks can be set independently.

0 For example, one block can be set to input data and the other to output data, or one block is
inactive and the other block reads or outputs data.

To read incoming values for a given block of digital channels, click the Input button below the row of channels
for which you wish to have input values displayed. This enables a block of digital channels to receive incoming
data. To read the values for the entire block simultaneously, click the Read button to the left of the channel
boxes for that block. Since these are digital channels, the values on the individual channel boxes will toggle
between 0 and 1.
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¢ When AcgKnowledge is launched, values for digital channels #0-7 always read "0" and #8-15 always
read "1" to allow for compatibility with the STM100C module, which utilizes the lower eight digital
lines for attenuation control.
When Read Continuously is enabled (below the Input button), the values will be read in real time. When
unchecked, the displayed values correspond to the values for that block of channels as of the last time the Read
button was depressed. This mode provides much the same information as the Show Input Values mode.
To output values for a given channel, the block containing that channel must first be enabled to output data. To
do this, click the bar below the channel boxes so the button reads “Output.” You can then program the
individual channels within that block. These channels will toggle between 0 and 1, with a 0 corresponding to
zero Volts and a 1 corresponding to + 5 Volts. To output a digital 1 on 1/0O channel 3, the dialog would be setup
as shown above.
The function buttons toggle as follows:
Input toggles to Output When Input is selected, the checkbox is “Read continuously.”
Set toggles to Read When Output is selected, the checkbox is “Set immediately.”

To output a signal on Channel 3, click the Set button to the left of the channel box. If the Set immediately box is
checked, the signal will be output when the channel button is clicked.

IMPORTANT

Potential use conflicts can arise between the parameters set in the Manual Control window and
those set for digital channels in the Set Up Channels window.

STM100 option

B rManual control for "MP150 00060F'

v sTM100 STM100/ Digital
STM100 Attenuation: |0 dB
K1 i

[T Invert output
STM100 option

When the STM100C stimulator module is connected to an MP150 System, the output level can be controlled
via the STM100 option of the Manual Control dialog.

Attenuation  Attenuate the output signal by a given number of decibels (dB) for controlled stimulus
applications. To output a signal with no attenuation, simply set the “Stim 100 Attenuation“ to 0
dB.

Manually outputting a value on a digital channel can stop an acquisition if data is being
collected at very high speeds (greater than 10,000 samples per second aggregate).

Invert output  Check this box to invert the polarity of the signal output through the STM100C.

This function can also be achieved by flipping the polarity switch on the STM100C from
positive (POS) to negative (NEG).

For more information on the STM100C stimulator output module, see the MP Hardware Guide.pdf.
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Set Up Linked Acquisitions

This Hardware menu option allows acquisitions to be configured and recorded simultaneously from multiple
hardware devices types over separate graphs. (For example, acquisitions can be simultaneously linked to two
MP150, two MP36R units or an MP150 and a B-Alert unit..) In order for Linked Acquisitions to function, each
selected graph must be connected to a different hardware unit. (If two or more graphs are connected to the same
hardware unit, the linked acquisition session will not start.)

To add or change the hardware device to any open graph, click the “Connect to:” toolbar button and select or

add a new device from the menu. (“Connect To” toolbar button must be enabled via Display > Show >
Hardware.)

The linked acquisition can output recorded data into the separate graphs, or optionally, merge the data into one
graph. If the latter option is chosen, data from the separate graphs will be contained in separate labeled channels
within the merged graph.

The sample rates and recording duration can vary between the linked acquisition graphs, but all recordings are
limited to Save Once to Memory mode. Append or Disk modes are not supported in linked acquisitions.

ol

Acquire data into the following graphs:

Graph Title | Acquire | Hardware Status | Master Synch. Dev. | Hardware Name |
Graph 1.acq il Mo Acquisition o MP 150 D0060F

Graph 2.acq I Mo Acquisition B-Alert 300103014/10ch/16bits
Graph 3.acq - Mo Acquisition i« MP 150 D0060F

Mote: All selected acquisitions will be run in 'Record and Save Once to Memory' mode.
The linked acquisitions session will be automatically stopped after: 3600 seconds.

V¥ Merge results into new graph at the end of acquisition

Resample merged data to: % highest acquisition sample rate

" lowest acquisition sample rate

Specify synchronizing method: |Use the master synchronization device for alignment of acquired data =l
Start Acquisitons |
4
Top Column Description
Graph Title Displays the titles of the available graphs.
Acquire Includes or excludes graphs from linked acquisition.
Status of Shows current status of hardware.
Hardware Device
Master Synch. Indicates the hardware providing the synchronization signal. This option is supported in
Dev. MP150 hardware only.
Name of Identifies hardware device linked to graph.

Hardware Device
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Functions

Description

Merge results into new graph at the end of

acquisition

graph.

Outputs data collected from multiple recordings into one

Resample merged data to: highest acquisition

sample rate

Data in all graphs will be resampled to highest used sample
rate among all graphs in the set.

Resample merged data to: lowest acquisition

sample rate

Data in all graphs will be resampled to lowest used sample
rate among all graphs in the set.

Specify synchronizing method

acquisitions.

Offers various options for synchronizing the linked

“Use the timestamp” method — Compares all timestamps, detects the one with the latest time, and then cuts
the beginning section of the data in each channel.

“Use the master synchronization” method — Used specifically for pairing and synchronizing data obtained
during linked MP150 and B-Alert acquisitions. This is the only option where the Master Sync Device radio
button is active. This option requires the use of a BIOPAC CBLX10 cable to link the MP150 hardware with the
B-Alert X10 headset. This cable allows for the injection of signals used to align data recordings between the two
independent units. (See the MP Hardware Guide for more details on the CBLX10.)

“Use simple cutting of data” method — Searches for the shortest acquisition length and uses this parameter to
calculate how much data will be removed from the beginning of longer acquisitions. This is the least precise of

the three synchronization methods.

Start Acquisition

Starts the recording for all selected graphs.

Limitations on Linked Acquisitions synchronization methods

Synchronization Mode Description Criteria
Any method Minimum number of selected 2
graphs
Minimum number of analog 1
channels
Minimum length of acquisition 12 sec.

when B-Alert device is used

Master synchronization device
method

Allowed hardware types

MP150 and B-Alert only

Minimum sample rate on first
channel of B-Alert hardware

256 s/s

Linked Acquisitions and wireless connections: In general, if the computer is trying to use multiple network
cards at the same time with an MP150, the MP150 either needs to be on the primary network, or additional

network cards must be disabled, or network bridging must be enabled in the Windows system settings. When
self assigning IP addresses, the MP150 may also choose a new IP address each time it is power cycled, which

will prompt for reconnection.

See the YouTube video for a detailed explanation of Linked Acquisitions.
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Manage Hardware Connections

Connect Mew Hardware

MP36R.
MP 150

BioHarness BT

B-Alert

b |

AcgKnowledge - Choose MP150

Choose a new MP 150,

Work with: [MP150 000102

(UoP)

MP 150 0001D2
MP 150 000210
MP 150 000B25

MP 150 000015
MP 150 Q00730

MP 150 000223
MP 150 00100F
MP 150 Q00FFE
MP 150 000262

235

The Manage Hardware Connections option
enables easy connection and disconnection
of new hardware, and allows switching
from a particular hardware unit (or
hardware type) to another. The following
controls are available:

Connect New Hardware

Choosing “‘Connect New Hardware’ opens a
popup menu for selecting and adding
additional hardware units. Once a new
hardware unit added, it will be available for
use in the application, and will appear in the
connected hardware list. (The example at
left shows the selection of additional
MP150 units on a local area network.)

The ‘Choose MP150° pull-down menu lists
all MP150 units that are powered ON and
sitting on the same local area network. The
software pings the selected MP150 unit and
if available, the unit is added to the list. If
the unit is busy or othewise unavailable, a
“Cannot connect to MP150” prompt such as
the example below left is displayed.

Disconnect

Use to disconnect from any available
hardware in the list.

Playback from Graph

Launches the “Open for Playback” dialog.
For more information on Playback Mode,
see page 43.
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MP150 Info

Select MP150 Info from the MP150 menu to generate a dialog with information about the software and
firmware versions being used by AcgKnowledge:

AcgKnowledge - MP150 Info

Serial Mumber: 508A-0000&0F

MAC: 00 90 3D 00 06 OF

Model: MP150CE

Manufacturer ROM: 1.1.12 (08/17/2004)
Actual ROM: 1.1.22 (04/15/2008)
Programmed: 08/24/2005 by kw
Copyright: (C) BIOPAC Systems Inc.

MP unit IP: 169,254.134.15

Interface IP: 169.254.218.65

Manufacturer ROM is the factory-installed firmware version; check this before you “Reset” the MP150 unit for
a Firmware Rollback (see page 557).

Note: For information about AcqKnowledge software, click Help > About AcgKnowledge.

Segment Labels

Selecting Set Up Segment Labels from Hardware > SetUp Data Acquisition > Segment Labels launches a setup
dialog enabling assignment of user-defined labels to append event segments. The Segment Label options are

applied to the active graph only. The selected settings will be saved with the graph, but will not be applied
globally to existing or subsequent graphs.

. Hardware Settings for 'No Hardware"

Channels
Length/Rate

Use the following labels for append events at the start of segments:

Eyent Maricn Index | Label | @ | ﬁl
Stimulator 1 Fool
o
Srolﬂil;rFeedbadi ; Ezzg g S
Top | Up |
Add Rename Delete Delete All Bottam | Diawn |
= Add Adds a segment number to index. Segment text can be edited under ‘Label.’
= Rename Used to rename an existing segment label.
=  Delete Deletes a selected segment from Index.
= Delete All Deletes all segments from Index.
= Top/Bottom  Moves selected segment to top or bottom of Index.
=  Up/Down Incrementally moves a selected segment up or down the Index.

Enabling checkboxes below the icons adds time/date stamps to the segment label.
Sound Feedback

Sound Feedback enables data to be redirected to the computer's default audio output in real time. This feature
can be used to monitor waveform data as sound through the computer speakers or headphones.

Visit the online support center at www.biopac.com
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. Hardware Settings for 'No Hardware"

Channels

¥ sound enabled

Length/Rate

Event Marking

Segment Labels

Stimulator ) )

Tiager Output sampling rate: IMIDD ;I
W Source Channel: IAl, ECG LI

Reset Adaptive Gain Control |

¥ Enable low pass filter

Median removal

Window width: ID. 20

Recompute every I 20,00

seconds

seconds

SOUND FEEDBACK
CONTROLS

FUNCTIONS

Sound enabled

Turns sound feedback of data on and off.

Output Sampling Rate

Selects from available sampling rates of the default audio device.

Source Channel

Selects the analog, digital or calculation channel from which the audio will be acquired.

Reset Adaptive Gain Control

Resets gain control to adapt to the current level of the signal. Use after sound feedback
has started to re-adjust the level after accidental spikes or large artifacts.

Enable low pass filter

Applies a low pass filter at the Nyquist frequency (50% of the acquisition sampling rate).
This IR filter can help smooth out transition artifacts due to upsampling of data to the audio
sampling rate. (Enabled by default)

Median removal controls
(Window width, Recomputate)

Removes baseline offset from the output signal.

Window width

Sets width of median removal window (in seconds). Must be a positive value.

Recompute every

Provides the time duration (in seconds) after which the median of the data is regenerated
from the raw source data. Must be a positive value.
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Gauge

The Gauge is accessed
via Hardware > Show
Gauge. The optional
“Gauge” display shows
one channel of data in
a gauge/dial indicator
format.

The Gauge displays as
a separate window,
viewed simultaneously
with graph and other
windows.

NOTE: The Gauge feature is available in AcqKnowledge 4.2 and higher only.
The Gauge window:

e Will display one channel of data: (analog or calculation)

e Updates and displays simultaneously with the graph window. For analog channels only, the display will
update when the recording is stopped, but at a slower rate than when the recording is running.

e Can update during and in between acquisitions for all hardware devices; display may be updated at a
rate slower than the sample rate and may display a value that represents the average of several samples.

e The background image (BMP, JPG or TIFF), indicator origin, range, length, thickness and color are all
user-configurable. An optional range band overlay can also be enabled.

e Selectable gauge bitmaps include Blood Pressure Cuff, BPM or Stopwatch

e All window preferences as well as the window visibility, size and position will be saved with the file.

e Window sizing is “fixed” to the size of the background image, meaning it will havea 1to 1
correspondence with the monitor pixels

Gauge Preferences

Gauge Preferences are accessed by right-clicking over the gauge and using the
contextual menu. There are four tabs for setting the various Gauge parameters.

Background is the default tab presented in Gauge Preferences and contains options for setting the Background
image.

AcgKnowledge - Gauge Preferences

(s E B0, LA Systolic BP [

Badkground | Indicator | Mapping | Range Band |

Background image:

I :[DefaultBGImage (GaugeBlue_451.jpg Browse | I Use Default,

Width: |451 pixels Height: |451 Pressure
Stopwatch
Opadity: | 100 EPM

oK I Cancel

Visit the online support center at www.biopac.com
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Channel Provides a pop-up menu for assigning any one of the ENABLED analog or calculation
channels.

Background Image  Displays the path and file name of the current background image. The default image is a
blue blood pressure gauge sized at 451 x 451 pixels.

Browse Allows alternative background images in different directories to be used in place of the
default gauges. The Browse location will default to the file path used by the currently
selected background image. To change the background image, click the “Browse” button
and locate the desired file. fter the background image is specified, the pixel Width and
Height will be updated. The Width and Height fields are not editable.

Use Default Displays a menu of available default background images. (Pressure, Stopwatch and
BPM).

Opacity Changes the transparency of the gauge image.

Indicator

The “indicator” or “needle” is a simple line vector drawn from an assigned center point to an endpoint

calculated according to the “Length” parameter.
Background Indicator | Mapping | Range Band |

xe I 225 pixels
Crigin (from top left corner):

| - | 225 pixels

Length: 295 ik When recording is stopped:

* Do not display

Thickness: Il j' pres " Reset to zero
Color: IBIack 'I " Retain last value

Origin Center point of the indicator line referenced from the top left of the image (not the top left of
the window) meaning neither the frame of window nor the title bar is included. The “X”
parameter specifies the horizontal distance in pixels and the “Y” parameter the vertical
distance. “X” cannot exceed the Width of the background image and “Y” cannot exceed the
image Height. The default values are: Origin: X: Width/2, Y: Height/2. Note that the pixel
count starts at “0” so a 225 pixel square image will have its center point at 112 pixels.

Length Specifies indicator span in pixels starting from the “Origin.” Default is the smallest of the
Length or Width dimensions divided by 2.

Thickness Specifies the indicator width in pixels, with a selectable range between 1 and 10. The default is
1 pixel.

Color Specifies color of the indicator “needle” as Black (default) or White.

When recording is stopped

If the source channel is a Calculation channel, no gauge
updating will occur when the recording is stopped. Under
this circumstance, the “When recording is stopped” options
become available. This allows the user to specify whether
the indicator should not be displayed, should be reset to
zero, or should retain the last value.

Mapping
For setting up two point mapping: Input to Angle.
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Background | Indicator Mapping I Range Band |

180*

90°

0°

W Indicator is limited to specified mapping

270° IEI.DEIEIEIEID Violts ID.DDDDDD =

Input — = Angle

I 50.000000 Violts I 359.000000 “

Input

Angle

Defines the input values in the scaled units. The units shown in the example are volts, but
would reflect the units of the source channel (mmHg, psi, etc.). The Input mapping of the upper
scale value is set to a default of 50 of the source channel unit type.

Any angle can be entered, but 0, 360, 720, etc degrees means that the indicator will always be
pointing straight down.

When assigning mapping angles: Because the indicator “needle” must rotate clockwise, the
first value should be the lower angle. The first value also defines the indicator’s starting angle
but does not to need to be 0 degrees. For example, the Stopwatch Gauge’s starting angle should
be 180 degrees (pointing straight up). If half-circle gauges are used, the starting angle may be
90 degrees.

Indicator is limited to specific mapping

If this option is enabled, and the indicator needle reaches its mapped upper limit, it will stop
rotating and turn red. If this preference is not selected, the needle will not change color if the
defined mapping limits are exceeded and the needle will just continue in a clockwise rotation.

Range Band (Default OFF)
Use the Range Band as an optional feature to highlight a specified area of the Gauge View.

Background | Indicator | Mapping Range Band |

¥ Show Range Band

Start: |0.000000 Volts
End: |50.000000 Volts
] oo [ .

Start/End

Color

Opacity

Defines a “pie” shape (defined by Mapping values) sourced from Gauge center and
superimposed over the background image.

Clicking on the color bar will bring up a color palette, which allows any color to be selected.
The default color is green.

Used to adjust the transparency of the Range Band. 100% means the background image will be
fully obscured behind the range band, and 0% means the Range Band itself will not be visible.
The default setting is 50%.

Segment Timer “Stopwatch” option
(Available in AcgKnowledge 4.2 and higher only)

Visit the online support center at www.biopac.com
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In addition to the standard Gauge described above, the Segment Timer Gauge option offers an analog
“Stopwatch” view of an acquisition in progress. As the recording progresses, a circular onscreen stopwatch
gauge displays the elapsed time with a sweep-second indicator. All customizable parameters shown above for
the default Gauge view are applicable to the Stopwatch view. A custom mapping for the Stopwatch view can be
created, or use the pre-configured “Segment Timer Gauge” graph template in the Sample Data folder.

Using the Segment Timer graph template — open the sample template in the following directory:

Main drive\Program Data\Biopac Systems, Inc\AcgKnowledge 4.4\Sample Data\Segment Timer Gauge.gtl

Clicking “Start” will show the Stopwatch in progress. The template is setup to record ECG Lead Il on CH 1 and
is tied to a new Segment Timer calculation channel. However, no connections are needed to verify the segment
timer and the template can be customized as desired. To change parameters, choose Preferences from right
contextual menu with mouse positioned over the gauge window.

When the recording is stopped, timer indicator will also stop. When the next recording segment begins, the
segment timer will reset to 0. (This default can be changed in the Gauge Preferences).

File Edit Transform Analysie Display Scipt MP150 Window Help Media
™2 & p % =+ a |
i

[=Ze £|ZEHnw & E4 M E #Eosmrlale
U2 > ECG (.05 - 35 He)

”Connect to: [MP1S0 ooo60F =]

H|Segment2 4|5 “J + | Stop
\ |

4.00

2.00

- 35 Hz)

0.00

n
=
G}
)
i}

-2.00

34.00 36.00

seconds

38.00 40.00

To configure a new Segment Timer Stopwatch view:

1.
2.

Set up desired acquisition parameters and channels.

Hardware menu > Set Up Data Acquisition > Channels >
Calculation tab and choose the Segment Timer preset.

Channel:

CO, Segment Timer [
Background I Indicator I Mapping I Range Band I

Background image:

luItBGImage_-"GaugeBlue_—FSl.jpg Browse | I Use Default,

3. Hardware menu > Show Gauge and open Preferences by width: [351  pixels Height: [as1  _Pressure
right-clicking the contextual menu over the Gauge window. o
4. In the Gauge Preferences, choose “CO — Segment Timer” for

the Channel and “Stopwatch”, as shown on right.

Choose the “Mapping” tab, enter the following Input to Angle
mapping values and click OK:
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Gauge Preferences

Channel:

CO, Segment Timer [
Background I Indicator Mapping | Range Band I

Input Angle

ID.DDDDDD Volts I 180.000000 =
I 29.950000 Volts I 360.000000 =

[~ Indicator is limited to specified mapping

oK I Cancel |
6. Start the acquisition. Note the Stopwatch view will accurately reflect the time scale of the recording

in progress.
Autoplot and Scroll

Both Autoplot and Scroll control how data appears on the screen. By default, AcgKnowledge displays the most
recently collected data first, and if more than one screen of data is to be collected, then the time scale will
“scroll” so that the newest data is always on the right edge of the screen.

When Scroll is deselected and Autoplot is checked, the screen will be cleared when the data reaches the right
edge of the screen, and plotting continues from the left again.

When both Scroll and Autoplot are unchecked, the incoming data will be plotted until the screen is full. Once
the screen is full, data will continue to be collected, but only the first screen is displayed. By default, the
hardware will display the first eight seconds of the data record, but this can be reset manually by changing the
horizontal scale. To toggle Autoplot ON or OFF in the middle of an acquisition:

» select Ctrl+T (Windows) or Command+T (Mac OS X) on the keyboard, or
» pull down the MP menu and choose “Autoplot” ON or OFF

Warn on Overwrite
Selecting the “Warn on overwrite” option from the Hardware menu will generate a prompt each time you start a

new acquisition:
MP150 (DODD1B}) |

Q Cverwrite exisking daka?

Yes Mo |

If you click “Yes,” then AcqKnowledge will erase your current file and overwrite with a new acquisition. If you
don’t want to erase the file you’re working in, click “No” and then open up a new file to work in.

This prompt will appear at the beginning of each acquisition when the hardware is in Save Once with repeats
mode. “Warn on Overwrite” can be disabled by deselecting this option under the Hardware menu.

Visit the online support center at www.biopac.com
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Organize Channel Presets

Organize Channel Presets

Up

ECG R Wave Amplitude |
EEG Alpha (8 - 13 Hz) Diwn
EEG Beta (13 - 30 Hz)
EEG Theta (4 - & Hz)
EEG Delta (0.5 - 4 Hz)
EEG Gamma (30 - 90 Hz)
EGE (,02-.125Hz)
EMG Integrated fnime
EMG Root Mean Sguare

Heart Rate (from ECG)

Large Animal dp/dt Minimum

Large Animal dp/dt Maximum

Large Animal Systolic BP _—
Large Animal Diastolic BP

Large Animal Mean BP

Large Animal Heart Rate

Lung Volume

Pulse Rate LI

P Mk

Fename | Delete | Delete All | AddSeparatorI oK |

The Organize Channel Presets option controls the channel presets (established or custom) in the Hardware > Set
Up Channels dialog; you can rename, rearrange or delete Presets. This option can be used to place the most
frequently selected Presets at the top of the menu or group related Presets, such as established ECG Presets.
Click a Preset description to select it, and then use the buttons to organize the Presets.

Up and Down buttons move the selection one space at a time.
Top and Bottom buttons jump to the start or end of the list.
Rename a Preset by typing in a new title and clicking OK.

You can’t use any name currently used by a Preset or any name that matches a Calculation type
(Integrate, Rate, etc.).

d

Top

[

B Rename Preset m Bl AcqKnowledge | x|
Please name the new preset: l \ The name you entered cannot be used. It may be an invalid name

or may already be used by another preset. Please choose a
I different name.

o] o |
4

Delete a Preset by selecting that option. You cannot delete the Default Analog Input preset. When you delete a
Preset, you will be asked to confirm the request because it is an irreversible action.

4 AcqKnowledge x|

This will remove the preset "Large Animal Diastolic BP*. This operation cannot be undone.
l A\ Are you sure you want to delete this preset?

Yes Mo |

Add Separator adds a new Separator entry to the Preset list and is useful for dividing different Preset types. If
a Preset is currently selected in the list, the Separator will be added below it. (See diagram above) If no preset is
selected, the separator will be added to the end of the list. Separators can be rearranged or deleted in the same
manner as Presets. (AcqKnowledge 4.2 and higher only)

The default location for Preset files is Computer > Local Disk > ProgramData > BIOPAC Systems, Inc >
AcgKnowledge 4.4 > Presets.

Exit Playback Mode
This option is enabled when Open File for Playback (see page 43) has been selected. Select to resume

acquisition functionality (change Playback menu to Hardware menu, Replay button to Start button).
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Part C—Analysis Functions
OVERVIEW

This part describes how to analyze data; in most cases, analysis is performed after the data has been collected.
This involves creating, managing, and saving files, as well as editing data, performing mathematical
transformations, and displaying data in various ways. Many of the functions covered here are also discussed in
Part A—Getting Started. Features that can be computed during an acquisition (primarily transformations and
calculations) are discussed in Part B—Acquisition Functions.

For general information about sections of the graph window, and to become familiar with the “look and feel” of
AcgKnowledge, turn to the Editing and Analysis Features chapter. Descriptions of functions can be found in the
chapters describing each menu. All of the commands discussed here can be found under the File, Edit,
Transform, or Display menu items.

Menu See... Type of Commands

General file management commands, including opening, saving, and

File Page 245 closing files. Export data files.

Edit Page 268 | Cut, copy, and paste between and within files. Export data files.
Transform Page 278 | Operations that primarily modify the data in the graph.
Analysis Page 309 | Operations that primarily derive data and measurements from the graph.

A courtesy copy of the new Specialized Analysis package with

Specialized Analysis | - Page 345 automation and scoring routines is included under the Analysis menu.

Control how data appears on the screen either during or after an

Display Page 424 acquisition.
Media Page 455 | Capture and Playback controls to synchronize video/audio with data.
Toolbars

Many of the most commonly used features in AcgKnowledge can easily be executed with a mouse click. The
toolbar contains shortcuts for some of the most frequently used AcqKnowledge commands; icons are grayed out
when they are not applicable. Custom toolbars can be created by clicking the Customize Toolbars icon. a

Click Display > Show > to view the toolbar options. Check a toolbar option to activate it.
See page 57 for Toolbar icon definitions.

Shortcuts
Keyboard shortcuts are detailed on page 65.
Mouse shortcuts are detailed on page 69, including contextual menus.
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Overview

File Edit Transform Analysis Di

MNew... Ctrl+M
Open... Ctrl+0
Open Recent

Open for Playback. ..

SMI BeGaze Import ...
Dataguest Import ...

Close Ctrl+w

245

Chapter 13 File Menu Commands

k

Save Ctrl+5
Save As...
Save Selection As...

Save Journa TeExEAs...

Send E-Mail Attachment

Page Setup...
Print... Cirl+P
Quit Ctrl+Q

Most of the items in the File menu are standard menu items and follow the standard Windows conventions or
Macintosh conventions. By default, all files are created and saved in the AcqKnowledge file format, a
proprietary format used to store binary data. Data can be read in from either text files or AcqKnowledge files,
and can be saved in text, graphic, or binary format. As a rule, storing data in the AcqKnowledge format saves
information in the most compact format possible and takes up less disk space than other file formats. In most
cases, you will probably be working with graph windows and saving data in the AcqKnowledge format.

New
AcgKnowledge - Choose T
Document Type
+ Graph window

Graph-specific journal
Independent journal
Data view
Batch acquisition

Stellar experiment

% Yy Ty Y

Actigraphy analysis file

oK I Cancel |

Graph Window

In almost all cases, you will need to create a new graph window before
beginning an acquisition so that the data may be displayed on the screen. When
a new graph window is created, you can modify any of the window parameters,
including horizontal scale, vertical scale, window size and position. In addition,
you can also set the acquisition parameters for sampling rate, number of
channels, and acquisition length. These settings take effect once an acquisition
begins.

New > Graph-specific Journal

Creates a graph-specific journal; see page 53 for details.

New > Independent Journal

Creates an independent journal; see page 53 for details.

New > Data View

Creates a new Data View for the active (frontmost) graph and names the window “Data View of
‘Filename’.” For Data View details, see page 44.

'Q“' Acqgknowledge - [Data Yiew of "C:4 Program Files®,
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New > Batch Acquisition

Use the Batch Acquisition feature to configure advanced experimental setups and acquire data from a
sequence of templates. Each template in the Batch may have different acquisition settings, channel
configurations, and stimulator setups. Use a Batch for long duration experiments with hardware setting
changes across segments, to automate routines, or to run multiple experiments on the same experimental
setup in succession.

= For example, if an experiment has a preparatory period, a stimulus period, and a response period, three
graph templates could be batched:

= Atemplate to acquire for the length of the preparatory period
= Asecond template with a stimulator configured for the stimulus period
= Athird template to acquire the response period without stimulation

All three templates could be added in sequence to a single Batch Acquisition, which would then acquire all
of the data for all three templates with a single start.

To create a new batch, choose File > New > Batch Acquisition to generate the Batch dialog.

The Templates controls at the top allow you to add,
remove, or re-order the templates.

= Double click a template in the list to open the
output graph from the most recent acquisition.

= Batch acquisition cannot combine acquisitions that
do not end, so the acquisition storage mode for
template files cannot be set to “Save last,”
“Autosave” or “Repeat forever.”

Status

N/A No status is available for the template, no batch acquisition has been performed.

In Progress  Data is currently being acquired for the template.

Waiting A batch acquisition is in progress but has not yet reached the step where the template is used.

Complete Data acquisition for the template has been finished successfully and has been saved to disk at
the batch output location.

Error A batch acquisition was aborted manually or due to communication errors. The data for the
template may not have been saved or may be unreliable.

Batch Errors

Misconfigured templates and misconfigured averaging templates may generate the Adjust
Length/Adjust Latency/Abort Acq warning prior to the start of acquisition. Clicking “Abort”
will halt the batch acquisition. Misconfigured templates may result in those rare cases where
data was acquired into a graph template with a different hardware configuration prior to saving
the template to disk.

Saving to:

Use the “Change” button to specify the
directory where the acquisition output should

be saved.
Use MP Unit: This menu lists all of the available hardware units.
Specify the MP unit that should be used for the Eg;r;:swenu dimmed out while batch acquisitions are in

Batch Acquisition.

Visit the online support center at www.biopac.com
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Start/Stop Acquisitions
Toggles to starts and stop batch acquisitions; dimmed when the specified MP
unit is being used to acquire data unless it is a batch acquisition that is in
progress. Batch acquisitions may be terminated by using either a control in the
batch user interface or by clicking the “Stop” button in the graph window
actively acquiring data for the current template of the batch. During the
execution of an individual template acquisition, errors may occur that
abnormally terminate that acquisition (i.e., communications errors with the MP
unit, errors in calculation channel, disk errors, etc.). When the acquisition in
progress is terminated due to an error, the batch acquisition will be halted as
well.
= |f a batch acquisition is aborted early, the batch output directory
will contain the full result graphs for all of the templates that were
previously completed successfully. It will also contain a partial
graph file for the template that was being used at the time the
acquisition was aborted. Templates that were not used will not
have any associated graph files.
Resume 'L Start Acquisitions - . Resume Acquisitions .
When a batch acquisition is terminated prematurely, the acquisition may be
restarted from the first template in the sequence or from where it was stopped
(e.g. the template with the error status).

Batch Acquisitions can be saved for use at a later time using File > Save Batch
Acquisition As. Batch Acquisition files retain all of the settings for their
individual templates and can be used even if the original templates used to
configure the batch no longer exist or have been moved. Each template is
acquired and saved into an output graph file that can be opened at a later point in
time to examine the results.

To open a Batch Acquisition, use File > Open and select type “Batch
Acquisition.”
When a batch acquisition is started, the templates will acquire data in the order indicated from the specified MP
unit. Files are saved before the next acquisition is started.
= |If the batch acquisition completes successfully, the batch output directory will contain all of the
graph files that were created during the acquisition. Each output graph is saved into a user-specified
directory and is titled “Batch n - template name” where n is the order in the acquisition sequence.
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Open

The File > Open command generates the standard file open menu, and allows you to open a variety of different
file formats from the popup menu at the bottom of the dialog.

Multiple files

To open multiple files in a single dialog, hold the Control/Command key down and select multiple files. To
open consecutive multiple files in a single dialog, select the first file, hold the Shift key down and select
multiple files. AcgKnowledge can only recognize one Journal file at a time, so multiple selection is disabled
when the file type is set to Journal or Journal Template.

Graph  The default file formats (*.acq) is referred to as “AcgKnowledge” files. The
AcgKnowledge file format is the standard way of displaying waveforms in
AcgKnowledge. These files are stored in a compact format that retains information
about how the data was collected (i.e., for how long and at what rate) and takes
relatively little time to read in (compared to text files, for instance). AcqKnowledge files
are editable and can be modified and saved, or exported to other formats using the Save
as command. Format options for the graph file include

e Graph—AcgKnowledge 4
e Windows AcqKnowledge 3 Graph—previous release format
¢ Macintosh AcqKnowledge 3—previous release format

e Biopac Student Lab PRO Graph—import files created using the Biopac
Student Lab PRO software; to open BSL Lesson files (.1dd), manually add the
extension “.acq” to the end of the file.

BSL File Import Notes

BIOPAC produces two different software lines, the AcqgKnowledge software
for research and the BSL software for higher education. These two
applications use different file formats, making it difficult to analyze data
recorded in one with the other.

AcgKnowledge can directly import data files that were created in Biopac
Student Lab PRO. This allows data acquired with an MP36, MP35 or MP30 to
be analyzed using the advanced analysis routines of AcgKnowledge.

Hardware and calculation channel settings are also imported. This allows for
the migration of some BSL PRO templates to AcqKnowledge. Only basic
analog, digital, and calculation channels can be acquired; templates that use
any of the BSLSTM or other output options are not supported.

Importing is limited to graph files created with BSL 3.6.6 or higher. It is not
possible to import files created with earlier versions of BSL. To import from
earlier BSL versions, those files must first be opened with BSL 3.6.6 or higher
and re-saved to disk to update the file format. The updated files can then be
imported directly into AcqKnowledge.

Visit the online support center at www.biopac.com
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Template

Text

Journal

Jrnl
Temp

When saving files, AcgKnowledge must save using the Acqknowledge graph
file format or another available export format. It is not possible to open
AcgKnowledge graph files with BSL Lessons or BSL PRO.

Graph Template files (*.GTL)

This powerful feature allows for creation of a template file with predefined experiment
parameters. Simply click ““Start™ to run the experiment.

The Graph Template option allows you to open a copy of a master file so you can
maintain the master settings. Graph template files open to previously saved setup
parameters (as established under the Hardware menu) primary graph window size.

This feature can be especially useful for recreating protocols in the laboratory. You can
Set Up an experiment and save it as a Graph template, then simply open the Graph
template file and click the Start button to acquire data under the same settings.

When a Graph template file is opened:
a) The graph window will not contain any data. (Since no data is saved in the

N template, arbitrary waveform output setups, which require a source date file,
(@) will not function in a template.)

T b) The journal window will contain text you entered and saved with the

E template—this is a handy way for you to place instructions or information

about the experiment for yourself or others.

AcgKnowledge “Quick Start’ (*.gtl graph template) files are available for over 40
applications. Just open the graph template file to establish appropriate settings for the
selected application, and then click Start. Quick Start files were installed to the Sample
Data folder and can be used to establish the settings required for a particular application
or as a good starting point for customized applications.

.TXT. Text files are a convenient way of transferring information between applications,
and most spreadsheet and statistics programs are capable of importing or exporting data
in a text file format. AcgKnowledge assumes that the text file contains numeric data laid
out in columns and rows, and that there is some delimiter between each column. It also
assumes that each column represents a distinct variable or channel of data. Normally,
the values in each row represent the state of each variable at different points in time.
When a text file is opened, the numeric values will be plotted as waveform data in a
standard graph window and non-numeric values will be ignored. Each column of data is
read in as a separate channel.

*.JCQ—Opens an independent journal; see page 53 for details.

Open the journal file from the File Menu (File > Open > Journal); right-clicking or
double-clicking a saved Journal file will open a blank application window.

* JTL—Opens a journal template; see page 53 for details.

Options

When the Files of type: Text option is select, an Options button is activated. Clicking on
this button generates another dialog that allows you to control the amount and type of
data to be read in, as well as the time scale for data display.
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AcgKnowledge - Read text file options

Wave data starts on line | 1 and

finishes at =" the end of the file
= line I-Zl

Sample rate interval

Setto IlD.DD microSec LI jsample

Column delimiter: Inone LI

tab
comma
space

Wave data starts on line

To control how much data is read in, enter a value in the read line box at the top of
the dialog. This tells AcqKnowledge which row contains the first data point in the
series. By default, this is set to 1, although you may want to set it to another value
since some applications (usually spreadsheets) generate a “header,” or text
information at the top of a file. You can also read in a limited amount of data by
entering a value in the box to the right of the line box. This value indicates the last
line to be read in as data. By default, text files will be read in starting at line one
and data will continue being read in until the end of the file is reached.

Interval

To control the horizontal scale (usually time) for the text file after it is displayed in
the graph window, change the Interval between sample points, which can be
expressed either in terms of time or frequency. The interval between samples is
equal to the reciprocal of the sampling rate; Interval = 1/(Sample Rate). For
example, if data was collected at 50 samples per second, there is an interval
between sample points of 0.02 seconds. AcgKnowledge would then assume that
there is a 0.02 second “gap” between the data point in row two and the data point in
row three (and all subsequent pairs of adjacent rows). Likewise, if you have a data
file that spans 10 seconds and has 100 rows of data, the interval between sample
points will be 0.01 seconds.

Most files contain time domain data, although some applications generate
frequency domain data (the results of a spectral analysis, for example). The
principle here is the same as with time data, that there is some interval between
different frequencies. If a text file contains 20 sample points covering the range
between 0 and 60 Hz, then the interval would be set to 3Hz per sample.

Column Delimiter
This setting tells Acqknowledge what characters indicate a “gap” between two

columns. This can be set to tab, comma, or space. All text files must have some
sort of column delimiter, unless there is only one channel of data present.

= Tab delimited text files —the most common type— have a tab between each
column for every row of data. These files are most often generated by
spreadsheets and similar packages.

= Comma delimited files place a comma between each column of data for each
row, much the same way as a tab delimited file. Statistics programs such as
BMDP and SAS frequently create these types of files.
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AVG
PhysioNet

MAT

= Space delimited files are also commonly created by statistics packages, and
place some number of spaces (usually two) between each column of data for
every row which contains information.

= None. If you are not sure which delimiter to use, select “none” and
AcgKnowledge will automatically select a delimiter.

When either tab or comma is selected, AcqKnowledge will read in a new column
each time it sees a delimiter, even if there are no numeric values between
delimiters. For example, the following text file will read in three channels of data,
although the channels will be of different lengths.

0.301424, 0.276737, 0.045015
0.338723, 0.808811, 0.542627
0.354271, 0.506313, 0.715995
0.001325, 0.762115

946207, 0.894992

0.9264009,

Sample text file

The first channel will contain six data points, the first being 0.301424 and the last value
being 0.926409. The next channel will contain three data points, starting with 0.276737
and continuing through 0.506313. The software considers that there is no other data
values for channel two. The third channel starts with the entry 0.045015 and the last
data point for this channel is 0.894992. There are only five data points in the last
channel.

Advanced Averaging Experiment—not supported in AcgKnowledge 4.0.

PhysioBank is a public service of PhysioNet and offers downloadable archives of
gigabytes of “standard” data for cardiac arrhythmias, gait analysis, and other types of
physiological signals. AcqKnowledge can use PhysioBank data directly and can be
integrated with other software tools that understand this interchange format.

A PhysioBank file is usually comprised of several files, including a header file (usually
“* hea”), and all of the files must be located in the same directory for the PhysioBank
record to open successfully. Open using the header file.

Opening a PhysioNet file will import data and annotations into a new graph window. If
“atruth” annotations exist, they will be translated into appropriate events on the
appropriate channel. All annotation types are retained except LEARN annotations,
which are treated as UNKNOWN.

MATLAB® format AcgKnowledge can open files created as a MATLAB work space.

=  Windows™ can open MATLAB v6 compatible MAT files, including MATLAB 7
if the “v6” flag is specified in MATLAB before saving.

= Interoperability with earlier versions of MATLAB is not guaranteed.

Uses the “MAT-file” binary format to load numerical and textual information. If the
MAT-file is properly formatted with the following arrays, AcgKnowledge will
reconstruct the graph with appropriate sampling rate, channel labels, units, and data:

data units labels isi isi_units start_sample

AcgKnowledge 4 Software Guide
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Raw

Batch

Igor Pro
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=  MATLAB files open with no Start button. ]
= If the MAT file is missing any of the _
‘ariable: Iou VI
expected variables or contains extra t
variables, only one two-dimensional array & vl sample, chann )

variable can be imported into a graph. A
MATLAB Import Options dialog will be
generated. Choose which variable data is SR 0 nco:=<on B
stored in, what dimension maps to

samples, channel indices, and sample rate,
and then click OK to open the file. x|

 vailchannel, sample |

Cancel |

= If AcgKnowledge can’t recognize the file 0 Can't open the fle D Eestvalot mat

format, an error prompt will be generated
and a blank graph window will be opened.

This low-level data exchange option interprets all data at a single sample rate; variable
sample rates are not supported. All of the data will be unscaled when opening
(importing) files. That is, a value of 0 will be imported as a zero voltage. Scaling will
need to be manually applied to the data. Options to open (import) raw data:

Data type: 32-bit or 64-bit IEEE floating point format or 8-, 16-, and 32-bit
integer formatted data

# of channels:  Enter the number of channels stored in the data file as a positive
integer less than or equal to 60.

Layout: Packed sequential: All of the data for an individual file is located in
a single block of the file and multiple channels follow one another.

Interleaved: Data is grouped into a single “frame” for each sample
location with one data element for each channel, so data for a
particular channel is spread throughout the file (similar to Linear
PCM audio file format).

Endian: Little and big endian byte ordering, matching the data formats of x86
and PowerPC/Sparc, respectively. Set to big for Mac-Power PC
generated raw files (default), or to little for Mac-Intel generated or
Windows-generated raw files.

Set to x/sample: Specify the inter sample interval of data in the file, which will be
translated into an appropriate sampling rate. The edit field will
accept an arbitrary floating point number. The units menu contains
usec, msec, sec, MHz, kHz, Hz. The edit field will be dynamically
converted to match the units selection; no conversion will be used
when switching between frequency and time.

Batch files (*bcq) is the format used for a saved Batch acquisition setup. All previous
configurations are saved in this file, so a Batch experiment can be rerun without having
to repeat the setup. When a saved Batch file is opened, the batch setup window appears
with previous graph templates intact. From here, the setup can modified and saved
under the same or a different name.

Igor Pro Experiments (compatible with Igor Pro 3.1, 4.0, and 5.0).

The waves contained in an Igor Pro packed experiment can be opened (imported) in
AcgKnowledge provided that the packed experiment files comply with the following:

= no text waves = all waves in Version 2 or Version 5 format (lIgor defaults)
= nocomplex waves = all waves one-dimensional (vectors)
= all waves multiples of the same fundamental inter sample interval

If the wave has an associated wave note, it will be used as the channel label.
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WAV | WAV files containing 60 channels or less can be imported. When this format is chosen,
the list of available files will be filtered such that only files ending in the”.wav”
extension or having the “WAVE” type are shown. When a WAV file is selected, it will
be analyzed to determine if it is compatible with the AcqKnowledge application.
If the file is compatible, a new graph window will be created displaying the data
contents of the WAV file.
e Each channel will be numbered “Channel n” where n is an increasing digit.
These channels will be unitless in amplitude.
e All of the data will be converted into the 64 bit floating point format for storage
in memory and in the ACQ formatted files on disk.
e The horizontal axis of this graph will be set to time and the sampling rate set to
match the rate as specified in the WAV file headers.
e This graph will be marked as an imported graph into which data cannot be
acquired.

e This will dim the start button and any appropriate hardware menu entries that
would be used to access the invalid hardware settings.

EDF Opens files with .eeg and .edf extensions saved in European Data Format (EDF). Data is
imported entirely into memory in a newly created graph window titled after the
filename, similar to other file import routines. All scaling factors will be applied to the
data as it is imported, and it will be converted to double precision floating point format.
Since EDF format includes data that is not used by AcgKnowledge, only the following
items are imported:

e channel data

e channel labels

e units

e sampling rate (taken from maximum sample rate of all channels)
All other information stored in the EDF file will be discarded when the file is imported.
Only 60 channels of data can be imported from an EDF file. Channels will be imported
starting with the graph file index 1. If there is a 60th channel, it will be placed into the
channel with index 0. If an EDF file contains more than 60 channels, only the first 60
channels will be imported and a prompt will advise that not all of the channels could be
imported.
ACT Opens actigraphy files generated from analysis of existing accelerometer data files
related to sleep studies and wake/sleep activity. Actigraphy licensed functionality is
required for this file format to be active. For information on Actigraphy, see page 515.
BBS Opens Biopac Basic Scripting files. Biopac Basic Scripting licensed functionality is a
scripting language development option for AcqKnowledge. For more details, see page
481.
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Open Recent

The File > Open Recent command generates a list of recently used files. These files can be opened directly from
the list or with a Ctrl (PC) or Command (Mac) keystroke combination.

File Edit Transform  Analysis Display Seript MP150  Window Help Media

New... Ctrl+M  feg [ |
s ceio L [ . || —li
Open Recent Respiration.acq Ctrl+1
Open for Playback... Respiration2.acq Cirl+2
SMI BeGaze Import ... demo data.acq Ctrl+3
Dataquest Import ... untitedd003.acq Ctrl+4
Close Ctrl-+w untitled0002.acq Ctrl+5
= FrLE untitted0001.acq Ctrl+6

Save As... “”hﬁEdoooo'acq S Maximum number of files in File > Open Recent: | 10
Save Selection As... Mobital.acq Ctrl+g

- BloodPressure_with_ECG_Brett.acg  Cirl+9
- NIBP 100D sample data.acq

Clear Menu

Page Setup...

Quit crl+Q

The listed files appear in the order they were opened, with the most recently-opened file appearing at the top.
Default number of files appearing in the list can be modified in the Preferences. (Display > Preferences > Other
or Main Toolbar)

Open for Playback
The File > Open for Playback command generates a standard file open dialog; see page 43 for Playback details.
SMI BeGaze Import

Allows import of SensoMotoric Instruments BeGaze eye
tracking data and aligns the data with signals recorded in
AcgKnowledge. In order to use the BeGaze SMI Import
feature in AcqKnowledge, the BeGaze eye tracking data
must first be exported to a text file format that
AcgKnowledge can read. (BeGaze software offers text
file export of the eye position, pupil width
measurements, and analyzed data.) Eye tracking data
can be imported into an existing AcqKnowledge graph, a
new graph, or aligned to existing data. (See BeGaze
Import options below.)

To use TTL display trigger synchronization, the digital
output line from the SMI hardware must be connected to
the hardware unit used to record data and must be
enabled during data acquisition. The time of the first
image presentation within the BeGaze data will be
placed at the first positive peak in the digital signal. The
software’s timestamp alignment will attempt to extract
the recording time from the BeGaze data and align it
with the internal AcgKnowledge timestamps. Software
timestamp alignment is functional only with newer
versions of BeGaze.

When importing and aligning data to an existing graph, physiological data must be recorded into a single
segment. Data recorded as multiple appended segments will not be properly aligned.

BeGaze exports may contain only a subset of the recorded and analyzed data. If a signal is not present in the
export file, its checkbox will be removed from the available signal types in the 'Signals to import' lists.

Note: The SMI Begaze Import feature is available in AcqKknowledge 4.3 and higher only.
See the YouTube video for a detailed demonstration of SMI BeGaze import and synchronization.
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Dataquest Import

Dataquest ART is a data acquisition software package from Data Sciences International (DSI). This package is
used with a variety of devices including implantable telemetry units. The File > Dataquest Import option allows
data acquired from ART files to be directly extracted into AcqKnowledge. The following Dataquest file
information is supported and retained in AcqKnowledge:

e Data accuracy

Retention of animal IDs

Import of either waveforms or parameters
Provides choice of animal subects to be imported
Datquest File Description

Unlike graph files, Dataquest ART saves data as multiple files in a single directory. Each file may be either a
continuous recording or consist of multiple segments.

A recording may contain multiple animals/subjects. Each animal/subject is given an animal ID. This animal ID
forms the basename of all of the various Dataquest data files.

Two primary types of data are recording for each animal: waveforms and parameters. Waveforms are the semi-
continuous raw data recorded from transmitters during the segment. For multi-channel recordings, each channel
may have an independent sampling rate and the sampling rate may vary within an individual channel for an
individual experiment, but the duration and recording frequency are identical across all channels and animals.
Parameters are derived measurements such as heart rates, mean pressure, and other values derived from the raw
data. The user's protocol may dictate which type of data will be useful in the analysis, but many DSI customers
perform further data reduction on the parameters instead of working with the raw data.

Dataquest splits waveforms and parameters up into separate files. Specific ID parameters are stored into a
sequence of files named “ID.P##” where ## is a continual incrementing sequence of alphanumerics 0-9A-Z.
Each individual waveform is stored into a series of files named “ID.C##.” C is a single character indicating the
channel number 0-9A-F, for up to 16 channels. ## is a continual incrementing sequence of alphanumerics 0-
9A-Z, similarly to parameter files.

Each individual parameter or waveform file may contain data from multiple segments. A new file is created
once the size of a particular storage file reaches a user-specified limit. The total number of files, therefore, does
not necessarily equal the number of segments.

The data for each specific segment in the file also contains a timestamp indicating the calendar time of the
beginning of the segment.

Creating Graphs from Dataquest Data

Although related, waveforms and parameters are very different types of data. AcgKnowledge primarily stores
and analyzes continuous signals. As parameters are not continuous signals, they are not easily combinable with
waveforms in a single graph. Therefore, parameters and waveform data are imported differently.

Waveform Graphs

Waveform graphs are imported with waveform data within individual channels. Dataquest waveforms may have
different sampling rates for each individual waveform and potentially varied sampling rates within an individual

waveform. The imported graph’s sampling rate will be set to the highest sampling rate of all segments of the
file.

If a file contains multiple animal units, you can control which animals should be imported. By default all animal
units are imported into a single graph.

Each data segment is seaparated by an append marker to allow the use of Find Cycle across discontinuous data
segments. The append marker label corresponds to the segment timestamp of the in the local time zone.

For each animal with ID, the individual channels are imported with labels as “ID — label” if the DSI file
contains a label for the channel. If there is no label is found, it will be labeled with its index “ID — Channel C”
where C is the index from the beginning of the specific DSI file extension.
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Parameter Graphs

Parameters are stored by Dataquest as one set of numbers per segment. Parameter graphs are imported using the
same approach as rate detector XY output graphs. The graph will be set up as an arbitrary horizontal axis
labeled “segment index.” Each parameter will be imported into a single graph channel, with the channel named
“ID — Param,” “ID” replaced with the animal ID, and “Param” replaced with the name of the parameter as read
from the Dataquest DSI file. The parameters are then imported as data points.

Only subsets of animals may be chosen; all parameters will be imported for the chosen animals. Users wanting
a subset of parameters may optionally erase or hide graph channels after the data is imported.

To Import Dataquest files into AcgKnowledge:
1. Choose “File > Dataquest Import.”

2. Navigate to the Datquest file and click “Choose.”
3. Make the desired selection in the Dataquest Import dialog and click OK.

Close
This File menu command will close the active file window and prompt you to save if necessary.

x

Do you want to save changes to demo data.acg?

s Mo | Cancel |

Close without saving

=  Windows—click the in the upper right corner of the file window

= Mac OS X—click the in the upper left corner of the file window
Click “No” when AcgKnowledge asks you if you want to save the changes.
Close during acquisition

Visit the online support center at www.biopac.com
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Close multiple data views
Set the level of close functionality under Display > Preferences > Other or Main Toolbar.

Close the graph and all data ¥iews or main ¥

'ou have chozen to cloze the main graph window.
Do you want to cloze the graph and all views ar cloze just the
main wiew and continue working with the graph’?

YWhen closing main windaws for graphs:

Thiz prompt can be dizabled uzsing Dizplay > Preferences.
Show prompt 'I
Cloze graph and all data wiews [ o -
Close are data view ol Cancel b ain Wiew Only | | Graph and Al Yigws I
Save
Save
Save fil:
Save As: [James =
(a7x) (S ") sample Data (]
[ Deskiop L4 Plugins L A L
Save Bleas 7 A frazerfindlay
4 Settings »
Save As: |j=m=s E A’I ;:::::':T 7l ‘-,, u;w Support S.xfst!m [
Where: | |4 Sample Data m ? ::::s
1 Pictures
[ 2 ties ' ey <
Format: L Graph m
Format: | Graph T]
_ Save selected area only | Opticns.. |
__ Sawve selected area only
(Cancel | (FEEN)  (Newroider) (ol G

This menu command will save any changes made to a file. If more than one file is open, this command only
applies to the active window. For untitled files, you will be prompted to name the file you wish the data to be
saved in. The file will remain open after you have saved it, allowing you to continue working.

e The Save menu is dynamic and corresponds to the type of file you are trying to save, i.e. Save Graph,
Save Journal.

Files should be less than 2 GB, except AcqgKnowledge 3.9 “Graph” files on the Mac, which can be larger if not

compressed. Data files greater than 2 GB can be opened, but edit, transformation and analysis operation cannot
be performed.

To save data in another format (such as a text file), use File > Save As.

Save As
Graph (*.acq) Choosing File > Save As produces a standard dialog that allows you to

D ) n save data in a variety of different formats and to any location. As with all
?éilp;-Tme}mplate( ) save last dialogs, you can use this to save a file to a different file name or

Windows AcgKnowledge 3 Graph (~acq)  directory than the default settings.
PhysioMet - WFDB (")

MATLAB Mat-File (*.mat)

Raw (*)

Igor Pro Experiment (*.pxp)

WAV (*.wav)

EDF (*.edf *.eeq)

JPEG (" jpeg)

Compressed Graph (".acq)

Excel Spreadsheet (* xls)
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AcgKnowledge format

The default file format for the File > Save as command is to save files as an
AcgKnowledge 4 file, which is designed to be as compact as possible. These files can
only be opened by AcqgKnowledge 4, but data can be exported to other formats once it
has been read in.

e To save in the previous release format, choose Windows AcgKnowledge 3
Graph. When a file is saved in AcqKnowledge 3 format, the following
calculation channel types will revert to Integrate: Band Stop Comb Filter,
Adaptive Filter, FLC, WFLC, CWFLC, Rescale and Metachannels.

File Compatibility
Windows AcgKnowledge cannot save as Macintosh AcgKnowledge files.

Macintosh AcgKnowledge 3.9 and above can save as “Graph (Windows)” files, but it
saves in Windows AcgKnowledge 3.7.1 format. In this earlier format, all data is
retained, but new Windows AcgqKnowledge features (like dual stimulation, data
views, embedded archives, etc.) are lost along with any settings specific to Macintosh
AcgKnowledge (like events, adaptive scaling settings, etc.).
= Macintosh AcgKnowledge 3.9 and above can save PC-compatible Graph (*.acq)
and Graph Template (*.gtl) files. Variable sampling rate information and
hardware settings are retained, and Journals can be read from and written to PC
files. Choose the format “Graph (Windows)” to create PC-compatible files.

The Mac version does not save PC GLP files or compressed PC files.

Graph Template

This feature can be especially useful for recreating protocols in the laboratory. You
can Set Up an experiment and save it as a Graph template, then simply open the Graph
template file and click the Start button to acquire data under the same settings.
TIP: Check the existing Quick Start template files listed on page 249 before

creating or saving a new template. With over 40 templates provided, you

may find one to establish the settings required for your particular

application or to use as a good starting point for customized applications.
The Save As Graph template option saves the setup parameters established under the
hardware menu and retains the size of the primary graph window. In general, the
minimum file size for graph templates is 700 K-800 K; file size may increase as setup
options are enabled.

When a file is saved as a Graph Template:
a) No graph data will be saved.

e Since no data is saved in the template, arbitrary waveform output
setups, which require a source date file, will not function in a
template.

e You must select Save / Save as and select “File of type .ACQ” to
save the graph data.

b) Journal text will be preserved. Any text you entered will be saved to the
Journal window and stored with the template—this is a handy way for
you to place instructions or information about the experiment for yourself
or others.

When this feature is used with the menu.dsc customization feature it is easy to comply
with GLP standards and save your protocol as an SOP. When you change the menu.dsc
file for a graph template file, save the “menu.dsc” file with the exact same name but
save it to the new lesson folder you have created. For full GLP features, contact
BIOPAC about the Lab Assistant GLP System.

m-0Z2
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TXT

PhysioNet

Text
Saves graph data in text format. When Save As Text is selected, an Options button is
generated. Clicking on this button generates a Save Options dialog that allows you to
control how much data is saved and the format it is saved in.

AcgKnowledge - Write

[ Indude header

[ Horizontal scale values

Delimiter: Iﬂ
Line ending: Im
Predision: Is—

Ok I Cancel |

Include header

When the first box is checked, a “header” is included at the top of the text file that
contains information about the sampling rate, number of channels, date created, and
other information relating to the data. This information is frequently useful, but some
programs will attempt to read in the header information as data, which could result in
nonsensical results. You may wish to include the header as it can always be edited
out later using a text editor or the journal.

Horizontal Scale

The second checkbox allows you to include the horizontal scale (usually time) values
in the text file, along with the data to be saved. This allows you to produce time
series plots in other applications, as well as correlating events to time indexes in
graphing and statistical packages. Since a separate row is generated for each sample
point, To exceed the limitations of programs if data is collected at a fast sampling
rate (many spreadsheet programs are limited to about 16,000 rows). You may wish to
consult the section on resampling data after an acquisition is completed (page 304 ).

Delimiter

When data is saved as a text file, each channel of data is saved as a separate column,
with the number values for each data point saved in rows. Use the pop-up menu to
select the delimiter to separate the columns of data in the text file. By default, a tab is
placed between each column for every row of data; this format is called a tab-
delimited text file and almost all applications will read in tab-delimited text files.
However, you may also save data in a comma-delimited format or a space-delimited
format.

Line ending

Use to create text files that are compatible with Classic Mac OS applications (Mac),
Unix-compatible applications (Unix), or PC-compatible applications (DOS).

Precision

Use to define the number of significant digits used for the horizontal scale when
pasting wave data. Very high sampling rates may require more than the default value
of 6 digits to accurately resolve the inter-sample interval.

This format requires that the WFDB library is on your computer. PhysioBank is a public
service of PhysioNet and offers downloadable archives of gigabytes of “standard” data
for cardiac arrhythmias, gait analysis, and other types of physiological signals.
AcgKnowledge can use PhysioBank data directly and can be integrated with other
software tools that understand this interchange format.
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Saving a file in PhysioNet (WFDB) format will export the entire contents of the graph
to a PhysioBank record. The record will consist of multiple files, all in the location
specified for export. There will be a header file (*.hea) and a single data file for each
channel of the graph (starting with “d” and ending with the base name of the header
file). The files must not be separated for a successful move or copy.

Export Limitations
Precision Some precision may be lost due to differences in binary representation
between AcgKnowledge and PhysioBank formats.
Events Events will not be exported to the PhysioNet format.
Channels Only 32 channels of data can be exported from a graph (the max allowed
in a PhysioBank file).

Rate If you are exporting a graph that uses variable sampling rates, all of the
channels in the exported file will be downsampled to the lowest waveform
sampling rate of the source graph.

MATLAB® format. Uses the “MAT-file” binary format to save numerical and textual
information as Filename.mat.

=  Windows™ create MATLAB Version 6 files, which are compatible with both
MATLAB Version 6 and MATLAB Version 7.

= Interoperability with earlier versions of MATLAB is not guaranteed.
The following variables will be in the workspace when the file is opened in MatLab.

data Contains the data of the graph in floating point format, for all of the
channels of the array. The first dimension of this array is the amount
of data in each channel, the second dimension increments with each
channel. Therefore, each column contains a full channel of data that
can be accessed in MATLAB via data (1:length, [channel number]).

units This string array contains the textual representation of the units of
the samples stored in data, with one element per channel of data.

labels This string array contains the labels of each of the channels, with one
element per channel.

iSi This floating point array of one element gives the number of units of
a single inter sample interval of the data.

isi_units This single string array provides a units string for a single unit of isi.

Time data will always be “ms,” frequency data will always be
“kHz,” and other values will be represented by an Arbitrary
horizontal axis type in an ACQ graph.

start_sample Contains the time offset of the index 0 sample of data in isi units.
This will be 0 for many graphs, but if only a selected area of a graph
was exported into the MAT file, the start_sample will contain the
offset from the original data corresponding to the start of the data
array in the MAT file.

Options to save (export) data for low-level data exchange are:

Data type: 32-bit or 64-bit IEEE floating point

Layout: Packed sequential: All of the data for an individual file is located in a
single block of the file and multiple channels follow one another.

Interleaved: Data is grouped into a single “frame” for each sample
location with one data element for each channel, so data for a particular
channel is spread throughout the file (similar to Linear PCM audio file
format).
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Igor Pro

WAV

Endian: Little and big endian byte ordering match x86 and PowerPC/Sparc data
formats, respectively. To exchange with Windows applications or Mac-
Intel, set to little endian; to exchange with standard Mac applications, set
to big endian.

Raw Data Export Limitations

Formats Raw export only allows data to be saved in 32-bit and 64-bit IEEE floating
point format.

Rates  All files will be interpreted at a single sample rate; variable sample rates
are not supported. If a graph with variable sampling rates is exported,
channel data for downloaded channels will be padded to match the highest
waveform sampling rate.

Length  If channels have unequal lengths, the overall file length will match the
longest channel. Shorter channels will be padded at the end using their
final sample value so that all channels contained in exported files will be
equal in length.

Scaling When integer-valued analog channels are exported from AcgKnowledge to
raw files, all relevant scaling and offset will be applied—the data in the file
will appear the same as if the channel had been internally converted to
floating point format before export.

If the value of a channel is outside the maximum/minimum value that a
chosen export data type can represent, the value will be clipped
accordingly. (AcgKnowledge uses a 64-bit data type, so this should only be
a problem if exporting to 32-bit floating point values.)

Igor Pro Experiment format.

An AcgKnowledge graph will be saved (exported) to a single packed experiment file,
with each channel saved into a separate Igor wave that preserves the channel label,
waveform sampling rate, and unit information. Vertical units will be stored as data units,
and horizontal units will be stored dimension units; extended units are supported. The
scaling of each wave will be adjusted to match the waveform sampling rate. All data
will be stored in 64-bit floating point format in a one-dimensional wave. The waves will
be named incrementally from “wave0” and the channel label will be stored in the wave
note field. Files will have the type/creator pair “IgsU/IGRO” and a .”pxp” extension will
be added to the file name for compatibility with Igor Pro for Windows™.

This option saves the graph data into a WAV audio file for exchange with other
applications. The .”wav” extension will automatically be added if the save as filename
does not end with it.
The “Selected area only” checkbox will be active for WAV export. When checked, only
the highlighted area will be exported to the WAV file. The final sample of this range is
not included in the export, mirroring the other file export routines of AcqKnowledge.
All exported WAV files use the 64 bit floating point format. This format preserves full
operational precision. Most audio applications should be able to support floating point
WAV files. Exported data will not be normalized when it is exported. Any
normalization to audio ranges should be performed prior to exporting the data.
WAV files are normally either one or two channels (e.g. mono or stereo).
AcgKnowledge graph files, however, usually contain more than two channels. Although
they can contain more than two channels, most audio applications may not be able to
recognize these multiple channel files.
e Ifagraph file contains only one or two channels of data, a WAV file will
automatically be created without further interaction.
0 Graphs with a single channel will result in mono WAV files.
0 Graphs with two channels will result in stereo WAV files.
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o If a graph contains more than two channels, the user will be presented with the
following choice:

o all channels—create a multiple-channel WAV file with one channel per
channel of data in the graph. While this WAV file may be easily opened
by some applications, it may not be fully compatible with audio
applications and other applications expecting two channels or less.

o0 selected channel only—create a single channel mono WAV file using
only the data of the selected channel. This will be the selected channel
in chart mode, the active channel in scope mode, or the vertical channel
in X/Y mode. This single channel export may be useful for exporting
audio channels that are recorded along with physiological data, such as
heart sounds, audio stimuli, and the like.

After a WAV file is exported, the WAV file will not be reopened; the open graph will
be left unmodified. To view the exported file, import the WAV file.

EDF Saves file in European Data Format (EDF). The saved file will automatically have an
.edf extension added onto it if the user did not include it. Users will be able to save
either the entire graph or only a selected portion of data.

AcgKnowledge does not retain sufficient information to accurately complete an EDF
header. When exporting, the following default values will be used:

EDF Header Element Default

subject ID Empty*

recording 1D Empty*

recording date Set to the modification date of the graph file on disk.
If no graph file is on disk, the current date is used.

recording time Set to the modification time of the graph file on disk.
If no graph file is on disk, the current time is used.

transducer description Empty*

filter description Empty*

| * Empty: indicates that the field will be left blank

All other fields will be filled with corresponding information from the graph, including
channel titles, sampling rates, channel units, and scaling factors. Variable sampling rate
information will be preserved as it can be expressed in the EDF format.

EDF is used by many applications and online recording databases to store information,
particularly EEG recordings. EDF is an open file format originally developed for sleep
studies. It stores continuous time recordings of data in a binary format. Since its original
proposal, EDF has been adopted by a number of open source and commercial tools as a
supported data file format. Usage has also expanded beyond sleep studies into other
types of recording.

JPG AcgKnowledge also supports formats for saving graphical information. Most drawing,

page layout, and word processing programs can read .JPG files. This is particularly
useful for writing reports. A. JPG file can be opened in any standard drawing program
and can then be embellished or used to highlight any particular phenomena of interest.

Visit the online support center at www.biopac.com
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When data is saved as a graphic, only the data currently on the screen is saved. So, if
you have a data file that spans eight hours but only two minutes is displayed on the
screen, only two minutes of data will be converted to a graphic file. Since
AcgKnowledge uses information about the computer screen in creating the graphic file,
the default resolution of the file will be the same as the window. Most word processors
and graphics packages allow for some way to resize and scale graphics.

Saves a compressed AcqKnowledge formatted file. The degree of compression varies
based on data characteristics, but will generally achieve about 60% compression. Saving
small files (less than 200K) may have little effect. Using a sample file as an example:

€aECGdata.an 166 KB
%ECGdata_Cnmpressed.acq 33 KB

Compressed graphs no longer allow data acquisition and will open with no Start button.

A warning prompt will be

generated when you try to

compress a graph in which
data can be acquired (Start
button active):

Excel Spreadsheet Export—Graph data can be saved directly to an Excel spreadsheet by
using the Excel Spreadsheet format in File > Save As. Each channel will be placed into

its own column of the spreadsheet. Also available for File > Save Journal Text As, Find
All Cycles journal, and Specialized Analysis tools.

Note The Excel spreadsheet option requires Excel or a compatible spreadsheet
application that can read Excel files (OO0, Symphony, etc.). If Analysis results
are exported to an Excel spreadsheet, and a compatible application is not
available, results will open as a text document the data and nonsense characters.

Save Selection As

To save only the data that has been selected with the I-beam tool, choose File > SaVE (el +5
Save Selection As; this option saves the selected area to another file and does Save As...
not affect the current file that you are working in. Specify file name and file Save Selection As. ..

type and then click Save.

Save Journal Text &5,
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Save Journal Text As

Save az lype: I._Iu:-urnal [*jog ® ket j

Journal [*.jog . ket]
Journal Template [ ]
Ewcel Spreadshest [*.xlz)

Choosing File > Save Journal generates a save dialog to save the journal text as a separate file. Specify file
name and file type and then click Save.

Journal  [O]|[EE][&]

Text (*.TXT) format—Saves an independent journal; see page 53 for details.

Jrnl JTL format—Saves a journal template; see page 53 for details.
Temp
Excel  Excel Spreadsheet File (*.XLS)—Journal text can be exported directly into an Excel
Spread-  ghreadsheet by using the File > Save Journal Text As with the Excel Spreadsheet format. Each
sheet line of text in the journal will be saved as a single row with tabs separating columns. A

selected portion of a journal can also be written to a spreadsheet. This export allows for
textual data reduction results to be easily exported into a spreadsheet to allow for further
analysis.

e Also available for File > Save As, Find All Cycles journal, and, for Specialized
Analysis tools.

Note The Excel spreadsheet option requires Excel or a compatible spreadsheet application
that can read Excel files (OO0, Symphony, etc.). If Analysis results are exported to an
Excel spreadsheet, and a compatible application is not available, results will open as a
text document the data and nonsense characters.

File Format prompts

When a file open or save function requires a format change for compatibility or alters file content, a prompt will
be generated to require the user to confirm the option to update format or convert and save.

Created with a previous version of AcqKnowledge Windows PC AcqKnowledge format

Saving as a “Graph Template” will erase all data Imported from another file format

Visit the online support center at www.biopac.com
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Send Email Attachment

Use this feature to create an email attachment containing an image of the active Acqknowledge graph, along
with the journal contents. (AcgKnowledge 4.2 and higher only).

When using this feature:

The default email program will launch, along with a ‘compose new email” window.

An Open Document (*.odt) text file containing an image of the currently opened graph and associated
journal text will be copied to the attachment field. The formatting and images present in the journal
should be preserved.

0 Further details can be typed into the body of the email prior to sending.

In order to open the attachment, the email recipient must have a word processmg application compatible with
* odt file format, such as OpenOffice, NeoOffice or Microsoft Word™

Copy to Dropbox — Open from Dropbox

The Dropbox options allow for copying or opening AcgKnowledge data files to or from a Dropbox account
directly from within the AcqKnowledge application. This is useful for storing files online where they may be
accessed from any computer. In order to use this feature, access to an active Dropbox account is necessary.
To create a Dropbox account, go to www.dropbox.com.

To set up AcgKnowledge to use Dropbox:

1. File > Copy to Dropbox. If Dropbox is being used for the first time in AcqKnowledge, or if you
are not logged in to a Dropbox account, the following authorization dialog will appear.

To access Dropbox, please do the following:

1) Click this | Autharize Button | to open the authorization page in your web browser

2) Click "Allow™ {you may need to login) on web browser page
3) Click "Login" below
™ Remember my login on this computer

Cancel Login

2. Click the “Authorize Button” and sign in to your Dropbox account.

3. Click “Allow” to grant AcqKnowledge permission to create a new Dropbox folder (above left).

4. A confirmation dialog will appear indicating AcgKnowledge is successfully connected to
Dropbox (above right). Close or minimize your Internet browser window.

5. Dimiss the Step 1 Dropbox authorization dialog by clicking “Login.” As long as you remained
logged in to your Dropbox account, this setup procedure will not need to be repeated.

To Copy files to Dropbox:
1. File > Copy to Dropbox.
2. Accept the default filename or enter a new one and click OK.

Please enter the new filename for Dropbox storage:

|ECG Lead ILacg

Ok I Cancel |

3. A confirmation dialog will appear indicating the file is stored on Dropbox.
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To open files stored on Dropbox:
1. File > Open from Dropbox.
2. Select the desired file from the list of stored AcgKnowledge files and click “Open.”

AcgKnowledge - Which file should

I File name I Size

8 & [ECG Lead I1.acg

NOTES:

o If Dropbox is being used for the first time in AcgKnowledge, or if you are not logged in to a Dropbox
account, the authorization dialog shown on the previous page will appear before you can access a
stored file.

¢ More than one file can be opened from the list, but they must be selected individually. Multiple
selections are not supported.

e To log out of Dropbox from AcqKnowledge, choose File > Logout from Dropbox.
Page setup

Choosing File > Page Setup produces a standard printer setup dialog that allows you to setup any available
printers. All the options in this dialog function as described in your system manual. There is also an options
button that allows you to make several printing adjustments with respect to fonts, image orientation, and
graphics presentation.

Print

The File > Print menu that AcqKnowledge uses is similar to the standard computer print dialog; however, there
are additional options available

The Print menu is dynamic and corresponds to the type of 2| x|

file you are trying to print, i.e. Print Graph, Print Journal. Printer: Progl
H H H Printing graph: demo data.a

Click Print for more optlons_. _ Pmtgogpm . Cancel |

Note: In Mac OS X, the option to create a PDF file appears ot [T plotsper page

in the initial Print dialog. mal |

™ Draw vertical dividers at event positions
™ Print waveform data in black
™ Print waveform background in white

™ Print focus areas

Range of data to print
* Visible portion only
" Selected portion only

™ Entire graph

™ Frint to POF file
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e Print Options

= Plots per page—Control how many plots appear per page when the file is printed. Printing more than
one plot per page has the effect of “snaking” graphs on a page much the same way text appears in a
newspaper. For example, if this option was selected so that two plots were printed per page,
AcgKnowledge would divide the amount of data to be printed on that page into two graphs—one graph
printing at the top of the page, the second graph printing at the bottom of the page. This option allows
you to print records on considerably fewer pages than standard printouts, and is most effective when
only a few channels of data are being printed.

= Fit to pages—Print the contents of a window across multiple pages. When a record is printed over
multiple pages, the amount of data on the screen (the amount of data to be printed) is divided by the
number of pages entered in the dialog. The graph on the screen is then printed across the number of
pages specified in the Total pages box at the bottom of the File > Print dialog. These two options apply
only to graph windows, and do not apply to Journals.

» Draw vertical dividers at event positions—Adds visible borders at points where events occur.

e Print waveform data in black—Waveforms will appear black when printed, regardless of selected colors
in graph channels.

e Print waveform background in white—Prints white background, regardless of selected background
colors in graph channels.

e Print focus areas—Turns focus areas on or off for the printout.
e Range Options—determine the range of data that will be included in the printout

= Visible portion only synchronizes the range of data in the printout to match the range of data that is
visible on the screen.

= Selected portion only prints only the data that is selected in the graph. This option is disabled if there
is no selection in the graph. When working with Journals, it is easy to generate large amounts of text
content in the window. Only a portion of this information may actually be of interest and this feature
allows for only portions of the text to be printed. If there is no selected text, the entire journal or
modification log will be printed regardless of this setting.

= Entire graph prints all of the data contained in the graph from zero to the maximum length channel.
e Print to PDF file—generate a PDF file.
Quit
Select Quit from the File menu to exit AcgKnowledge software; you will be prompted to save any open
graph files that have been modified since they were last saved.
Mac OS X only—Use Quit under the AcgKnowledge menu (page 453) to exit the software.
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Chapter 14  Edit Menu Commands

Overview

Edit Transform Analysis Display Script

Cannot Undo Cirl+Z

Cut Ctrl+x Copy Measurements Ctrl4+

Copy Ctrl+C Copy Wave Data Ctrl+

Paste Cirl Copy Graph

Clear Copy Acquisition Settings Ctrl+J
Copy Data Modification History for All Channels

Clear All

Copy Data Modification History for Selected Channel

Copy Focus Area Summary

Remove Last Appended Seament

Copy Event Summary...
InsertWaveform
X Paste Measurements Cirl-+M
Duplicate Waveform Ctrl+D
Paste Wave Data Ctrl+/
Select Al Ctrl+4 Paste Graph
Remove Waveform Paste Acquisition Settings Ctrl+1
Paste Modification History for All Channels
Create Data Snapshat Paste Modification History for Selected Channel
Paste Focus Area Summary
Merge Graphs / Paste Event Summary. ..
/ Manage POFs...
Clipboard *
/ v Show Journal
Journal ¥

One of the most useful features in AcqKnowledge is the ability to edit and work with data by cutting and
copying sections from one window to another. In this sense, AcgKnowledge can manipulate data much as a
word processing program handles blocks of text. To select an area of interest in the AcgKnowledge data for

further study, use the I-beam selection tool to highlight an area. L. This selection tool is used for a variety of
purposes including cutting and pasting waveform data, making measurements and determining which portion of
a waveform to save as text values. To select this tool, click its icon on the toolbar. Notice that the cursor
changes into the familiar “I-beam” cursor when moved within the graph area. Click the mouse and drag to
select a portion of the waveform.

IMPORTANT

When multiple waveforms are present, the highlighted area appears to include all of the waveforms,
but most modifications and transformations apply only to the selected channel.

Once a section of a waveform has been selected, functions such as editing, transformations, saving data to the
journal, saving as text, and using the measurement functions can be performed on the selected area. The cursor
always selects at least one sample point; when there is no defined area, a single sample point will be selected,
and the cursor will blink. Highlight a larger area by positioning the cursor over the first point of interest, hold
down the mouse button, and drag the cursor either left or right to highlight an area. Modify the selected area by
placing the cursor anywhere on the graph, then holding down the shift key and clicking the mouse. This feature
is useful for fine-tuning the selected area. To fine tune, first coarsely select an area. After zooming in (with the
zoom tool) on either edge, then use the shift key to precisely align the edges of the selected area.

AcgKnowledge also allows the selection of an area spanning multiple screens. To do this, first select an area
that contains the leading edge of the portion of the graph that you are interested in. Next, use the horizontal
scroll bar to scroll to the end of the area that you are interested in. Then place the mouse near the area of interest
and click the button while holding down the shift key. While still depressing the mouse button, move the cursor
to the exact position desired.

By using the selection tool to select areas of the waveform, the Cut, Copy, Paste and Clear functions are
designed to work in much the same manner as any text editor. These functions operate only on the selected area.
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Edit menu functionality during acquisition

The following Edit menu functions cannot be performed during acquisition: Undo, Cut, Clear, Clear All, Paste,
Insert Waveform, Duplicate waveform, and Remove Waveform.

Undo / Can’t undo

The Undo command allowsfor restoration of data that was unintentionally deleted or modified. Undo applies to
editing commands and transformations (such as digital filtering and mathematical operations).

There are some important exceptions to the Undo command.

First, neither Edit > Clear all nor Edit > Remove waveform can be undone. It is a good idea to make backup
files before performing any editing, especially when using these commands.

Second, changes in the display options (i.e., changing the horizontal scale or changing the color of a waveform)
cannot be undone, since they are easier to manipulate and less drastic than cutting data out of a waveform. If
you modify the screen scale (or other display parameters) you will still be able to undo your latest data
modification, which is much more difficult to recover than a screen parameter change.

TIP: If you accidentally remove a waveform or choose Clear All, one way to recover
the data is to close the file without saving the changes. The data file can now be
reopened, as it was when it was last saved; any changes made since it was last
saved will be lost.

NS NENEN NSNS )
NN AN

Perform multiple levels of undo on a per graph basis. The most recent operation is undone first followed by the
previous operation until the maximum number of Undo operations are reached. The maximum number is set in
Application Preferences (Display > Preferences > Graph > Maximum levels of undo) .

Maximum levels of undo
’;" Unlimited % Limit to |4 prior operations

NOTE: Specialized Analysis (page 345) scripts are complex and undo may not function for all steps.
Cut
When Edit > Cut is selected, the selected portion of the active graph channel removed and copied to a clipboard,
where it is available for pasting into other windows.
Cut cannot be performed during acquisition.
= When a selected area is removed from a waveform, the data will shift left to “fill in” the deleted area. So,
if ten sample points are deleted, all data after the selected area will be shifted over ten sample points.
Since this alters the relationship of events to the time base, you might want to consider alternatives to

cutting sections of data—such as using smoothing, digital filtering, or the connect endpoints functions to
transform the section of data.

Avrea selected using the
editing tool >

27.00

18.00

0.000 3.375

6.750 10.126
seconds A
3
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27.00
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Copy

Choosing Edit > Copy will copy the selected area of the active graph channel to the clipboard without
modifying the text/waveform on the screen.

= Once the area has been copied, it can be inserted in another window of the same type using the Edit >
Paste command or, for waveforms, the Edit > Insert waveform command.

= To copy a waveform to another channel in the same graph window, choose the Edit > Duplicate
waveform command.

= Edit > Copy applies only to a selected area of graph data. To copy and entire graph, use Edit > Clipboard
> Copy Graph (see page 273.)

Paste

The Edit > Paste command will take the contents of the clipboard and paste it into the currently selected area of
the active window of the same type.

= If no area is selected, the data is pasted at the beginning of the waveform in a Graph window or the end of
the text a Journal window.

= Paste cannot be performed during an acquisition.

Clear

The Edit > Clear command works much the same way as the Cut command, with the key difference being that
data is not copied to the clipboard. This function deletes the selected area from the selected channel only. If the
entire waveform is selected (as with the Edit > Select all command), the clear command will delete all the
waveform data and leave an empty channel.

Clear may move or alter memory and cannot be performed during acquisition.

= As with the cut command, the clear function operates on only one channel, and when a portion of the
waveform is deleted, the remaining data will shift left. If multiple channels of data are present, one
channel will be “shorter” than the others.

= To remove a selected area of data from multiple channels, use the Edit > Clear all command.

Clear all

Choosing Edit > Clear all will delete the selected area from all channels. This is similar to the clear function in
that data is removed and is not copied to the clipboard. The Clear all command, however, removes a section of
data from all waveforms, whereas the clear command applies only to the selected channel.

Clear All may move or alter memory and cannot be performed during acquisition.

= When Edit > Select all is chosen prior to performing the Clear all function, all waveform data for all
channels will be deleted.

= The Edit > Undo command does not work for Clear all.
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Select All

When Select all is chosen from the Edit menu, the entire selected channel becomes highlighted. For almost all
commands, when a waveform is selected using Select all, subsequent operations apply to the selected channel
only.

» The exception is when Edit > Clear all is chosen after Edit > Select all. When this occurs, all data from
all waveforms will be deleted.

Insert waveform

The Edit > Insert waveform command is useful for copying a waveform (or a section of a waveform) within the
same or another graph. However, within the same graph, Duplicate waveform is simpler.To do this, first select

the area to be copied using the cursor and the Edit > Copy command. Next open the graph window to insert the
waveform into.

Select the new graph and choose Edit > Insert waveform. A new (empty) channel will then be created and the
data copied into the empty channel.

= Insert waveform cannot be performed during acquisition.

= This command cannot be undone directly, although selecting the inserted channel and choosing Remove
waveform from the Edit menu effectively undoes this operation.

Duplicate waveform

Choosing Edit > Duplicate waveform will create a new channel in a graph window and copy an entire
waveform (or a selected area) to the new channel. When a portion of the waveform is selected, only the
highlighted area will be duplicated.

Duplicate waveform may move or alter memory and cannot be performed during acquisition.

= To duplicate the entire waveform, choose Edit > Select all and then select Duplicate from the Edit menu
or click the right mouse button and select Duplicate from the pull-down menu.

Remove waveform

Deletes the entire selected waveform, regardless of what other options are selected. Remove waveform may
move or alter memory and cannot be performed during acquisition.

=  The Edit > Undo command does not work for Remove waveform.

Remove last appended segment

Removes the last appended segment. Equivalent to the Rewind toolbar icon.

'+ This action will cause any existing data to
be averwriten!

Ok ) ([ Cancel

= Edit > Undo does not work for Remove last appended segment.

Create Data Snapshot

The Snapshot options store “snapshots” of the original acquired data at specific stages along with the full graph
file. Use snapshots for analysis or reporting to compare results to original waveforms or intermediate stages of
analysis. This is essentially an embedded archive; it is not a backup tool.
IMPORTANT:  Archive functions do not create a new file—they are not backup functions.
Original data is copied and pasted to the end of the original file.
You cannot use this feature to recover lost or damaged graph files.

See page 54 for Snapshot details.
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Merge Graphs

Combine multiple graph files into a single file for performing cross-file analysis and storage. Use merge with
the multiple-hardware capabilities to produce single graph files containing multiple streams of data from an
individual subject.

Use Merge Graphs to combine data from multiple graph files acquired with the same acquisition rate into one
merged graph file.

Note  Merge Graphs requires AcqKnowledge to allocate additional memory and then load the data into
memory; when this operation is executed on large data files, the application may crash—on Windows
0S, the resulting file size of a merge should be less than 2 GB; data files greater than 2 GB can be
opened, but edit, transformation and analysis operation cannot be performed.

1. Select Edit > Merge Graphs to generate the Merge Graphs dialog.
2. Click Add Graph to generate the Choose Graph dialog.
3. Choose a file to add to the merge.

= “Add” the “Matching graph” listed (this pull-down menu includes all open files with the same
acquisition rate)

=  “Add File...” to browse and select a file that is not already open
4. Adjust the selection for individual channels if desired.
= Click the “+” to list individual channels in the graph file.
= Toggle the checkbox to add or remove the associated channel/graph file.
= You cannot delete a file name from the list, but you can remove it from the merge.
5. Repeat as desired for multiple files.
6. Click Merge and wait (you can check the status in the Total Channels bar).
7. Save the merged file.

x
Merge files together: % as channels ~ as data segments - :"Program Filesh\Acoknowledgehicginowledge 3.8.15
ECG
Name | Merge | Heart Rate
: AR Interval
AcgKnowledge - Choose Graph [ R-Height
The acquisition rate for the resulting merged
graph is taken fram the first added graph.
Matching graphs: | [T]{ECG LeadII-a.acq
Add File.... | oK I Cancel |
K1 i
Total channels: 0 channels
Tatal channels |i 3 channels
Add Graph... | QK I Cancel &dd Graph | Cancel | Merge I
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Merging graphs as data segments

Individual graphs may also be merged into a single channel as appended segments. This can be useful for
concatenating data types that don’t support append mode, or when importing data from software that outputs
each session as a self-contained graph file.

To merge separate files into sequential segments, check the Merge Graphs “as data segments” option and select
the data files as shown in steps 1-7 above. The same limitations exist for appended graphs as do for graphs
merged into individual channels. (All selected graphs must share the same sample rates and channel
configurations.)

AcgKnowledge - Merge Graphs

Merge files together: & aschannels (+ as data segments

|ECG LeadII-h.acE U

ECG LeadII-c.acq

Down

di

Top

Bottom

di

Delete

Add Graph... | oK I Cancel |

Additional navigation controls become available when merging graphs as appended segments. This allows you
to reorder the data segments into the sequence desired for the merged file. By default, the first graph added to
the list will be displayed as data segment 1, but this can be easily modified by selecting any appended graph and
moving it up or down the list via the “Up”, “Down”, “Top”, “Bottom”, or “Delete” navigation buttons.

Clipboard

Clipboard Copy Measurements Cirl +
Jouriz b Copy Wave Data Cirl +
Copy Graph

Copy Acquisition Settings Ctrl+U

Copy Data Modification History for All Channels
Copy Data Modification History for Selected Channel
Copy Focus Area Summary

Copy Event Summary. ..

All of the clipboard commands involve copying data from AcgKnowledge to the standard Windows clipboard,
where the contents of the clipboard are made available for other applications. Transferring data to the clipboard
allows data to be copied from AcgKnowledge to other applications even after closing the graph window and/or
quitting AcqKnowledge.
Data can be copied to the clipboard in two formats:
Text/Alphanumeric  Copy Measurement and Copy Wave Data save information to
the clipboard in text/numeric format.
Graphic format Copy Graph transfers the image in the window to the clipboard.
» Copy Measurements
Copies the contents of all visible measurement popup menus, along with the values associated with
these windows. Once the measurements have been copied, they can be pasted into any application that

allows paste functions, including word processors, drawing packages, and page layout programs. A
sample of measurements pasted from AcgKnowledge into a text document follows:

BPM =85.714 BPM  delta T = 0.700 sec p-p = 0.8170 Volts
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» Copy Wave Data

Copies the data (in numeric form) for all channels from the AcqgKnowledge graph into the clipboard.
When an area is selected, only the data in the highlighted area will be copied to the clipboard. As with
the copy measurement command, once the data is stored in the clipboard, it can be pasted into virtually
any application.

When multiple channels of data are copied to the clipboard, the data is stored in columns and rows,
with data from each channel stored in a separate column. For a four-channel record, four columns of
data will be copied to the clipboard. As with a text file, AcqKknowledge will insert a delimiter between
each column of data. The default delimiter is a tab; you can change the delimiter to either a space or tab
in the options dialog in the File > Save as dialog. See page 249 for more detailed instructions on how to
set the column delimiter. Transferring data through the clipboard performs essentially the same function
as saving data as a text file (using the File > Save As command), with the obvious exception that
transferring data through the clipboard does not save data to disk.

Copy graph

Copies the graph window as it appears on the screen to the clipboard, where it is stored in graphic
format. You can then place the graphic into a number of different types of documents, including word
processors, drawing programs, and page layout programs. The JPEG graphic format are common to
almost all applications, and images saved in these formats can be edited in most graphics packages and
many word processors.

Using the copy graph function is similar to saving a graph window as a JPEG (using the File > Save As
command), except that using the file save command writes a file to disk, whereas transferring data
through the clipboard does not save a file.

» Copy Acquisition Settings

Creates a textual summary of the current acquisition settings and sends it to the clipboard, where it can
be pasted into the journal via Edit > Journal > Paste Acquisition settings, or pasted to another program.

The summary includes sampling rates, channel configuration, calculation channel settings, triggering
options, averaging options, and if any stimulator is active. This is useful for retaining records for
acquisition parameters (and for technical support, if necessary). Use this feature to keep a textual record
or printout of the configuration of your hardware unit along with your data.

» Copy Data Modification History...

Copies the transformation history for all channels or a selected channel to the clipboard. Modification
history includes the transformation name, channel (analog, calculation, or digital), date & time, and
relevant transformation parameters, including starting and ending sample position.

Use Edit > Paste to move it from the clipboard to an active Journal window or other word processing

application.
1=

File Edit Transform Anzlysiz Display MP150 Window Help Media

| o @ o

Transformation Mame: IIR Filcer
Channel: A1
Date Time: Wed Jul 15 2009 - 15:45:11
Fitter Type: High Pass
Frequency Cutoff: 250
Q: 0.707
Starting sample position to transform: 58
Ending sample position to transform: 242

» Copy Focus Area Summary
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Copies the starting and ending position of the focus area in horizontal axis units. Summary includes focus
area label.

» Copy Event Summary
Copies events to the clipboard as selected in the Event Summary setup dialog.
Journal

The Edit > Journal sub-menu options are similar to those found in the Edit > Clipboard menu. The key
difference is that data (whether measurements or raw data) is pasted directly into the journal rather than copied
to the clipboard.

> Paste Measurements

Choosing Paste Measurements from the Edit > Journal menu will cause all visible measurement
windows to be pasted into the journal. Each time this is selected, the measurements and values are
pasted into the journal using the precision specified in the Display > Preferences dialog. You can also
change the total number of measurements displayed by adding more rows of measurements. Use the
Preferences menu (see page 441) to change the number of measurement rows or the measurement
precision displayed on the screen.

Paste Measurement shortcuts:
Keyboard: Ctrl + M
Mouse: Right-click in the Journal and choose “Paste Measurement”
» Paste Wave Data
Converts the selected area of the waveform to numeric format and paste it into the journal in standard
text file format. As with the copy wave data command (in the Edit > Clipboard submenu) this will paste
the selected area from all channels, not just the selected channel, and will place a delimiter between the
columns when two or more channels are being pasted to the journal. By default, tab characters are used
to separate columns; you can change to comma or space delimiters in the File > Save As > Options
dialog. See the Save As section on page 257 for more information on how to change the column
delimiter.
» Paste Acquisition Settings
Pastes the acquisition settings to the journal as they were copied via Edit > Journal > Copy Acquisition
settings.
» Paste Modification History...
Use after Copy Data Modification History... to paste the transformation history from the clipboard for
all channels or for the selected channel to an active Journal window or other word processing

application. Modification history includes the transformation name, channel (analog, calc, or digital),
date & time, and relevant transformation parameters, including starting and ending sample position.

AcgKnowledge 4 Software Guide



276 AcgKnowledge 4 Software Guide

. AcgKnowledge - Graph-specific Journal for "ED - |I:I|5|

File Edit Transform Anzlysis Display MP150 Window Help Media
|o @m &

Transformation Mame: IIR Filter
Channel: A2
Date Time: Wed May 27 2009 - 11:26:54
Filter Type: High Pass
Frequency Cutoff: 0.05
Q: 0.707
Starting sample position to transform: 1
Ending sample position to transform: 3907179

Transformation Mame: Limit
Channel: A3
Date Time: Wed May 27 2009 - 12:37:17
Lowver limit: 0
Upper limit: 1
starting sample position to transform: 1
ending sample position to transform: 3907179

Transformation Mame: Expression

Channel: A3

Date Time: Wed May 27 2009 - 12:37:19
Expression: SC+IF(EQUAL{CH22,0),0,2)
starting sample position to transform: 1
ending sample position to transform: 3907179

» Paste Focus Area Summary

Pastes the focus area summary to the journal as copied via Edit > Journal > Copy Focus Area
Summary.

» Paste Event Summary
Pastes the event summary to the journal as copied via Edit > Journal > Copy Event Summary.
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Use this option to select and import (embed) PDF files into the Journal as tabbed windows. Multiple
PDFs may be imported and each PDF appears under its own tab heading. Choose Edit > Journal >
Manage PDFs, or right-click in the Journal and choose Manage PDFs. The following dialog will appear:

AcgKnowledge - Manage PDFs

Currently embedded PDFs:

| Acgknowledge 4 Tutorial
{B-Alert with Acgknowledge Quick Guide
Troubleshooting MP 150 Cammunications

Embed Mew...

Remowve

adl:

Up
Down
Ok Cancel |
Control Description
Embed New Launches a “File > Open” dialog for navigating to
the directory containing the PDFs to be embedded.
Remove Removes a PDF from the list. (The actual PDF is
not deleted.)
Up Moves the selected PDF up the list and determines
its tab order in the Journal.
Down Moves the selected PDF down the list and
determines its tab order in the Journal.
OK Imports the embedded PDFs into the Journal

After embedding PDFs into the Journal, you may toggle between them by clicking the tabs. Clicking the
Journal tab will activate the Journal window. Saved Journal content is not affected by embedded PDFs.

> Show Journal

Toggle to display/hide the Journal window.

The Journal formatting tools are not available when a PDF is actively displayed.
The Manage PDFs option is only available when the Journal is displayed (Show > Journal).
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Chapter 15  Transform Menu Commands

Overview
| Transform  Analysis  Display &
Recently Used k

Digital Filters >
Fourier Linear Combiners  *
Math Functions b
Template Functions ¥
Integral

Derivative..,

Integrate...

smoothing. ..

Difference...

Resample Waveform...
Resample Graph...
Expression...

Delay...

Rescale...

Waveform Math...

Slew Rate Limiter...

The Transform menu contains operations that primarily modify the data in the graph.

AcgKnowledge provides a number of options for post-acquisition analysis and transformations. These
transformations perform a range of operations on the data, from digital filtering and Fourier analysis to math
functions. All of these options can be found under the Transform menu, and are disabled while an acquisition is
in progress. Unless otherwise noted, all transformations described here apply to the selected channel only. Some
options (such as the expression and math functions) allow users to specify a channel (or channels) to be
transformed.

It is important to remember that AcgKnowledge is always selecting at least one point, and the cursor will flash
whenever only one point is selected. Some of the transformation functions (e.g., math function, waveform
math) can operate on a single sample point, and will transform a single sample point when only one is selected.

There are two ways to apply a transformation to an entire waveform.
a) For transformations that generate a dialog, check

. Smoothing factor QK
the “transform entire waveform” box (usually ?
located toward the bottom of each dialog). This Lancel
. ; |3.000000 samples
will transform the entire waveform, regardless of
whether a single point, area, or the entire
waveform is selected. %' Mean value smoothing
" tedian value smoothing [T Transform entire wave

b) For transformations that do not generate a dialog, use the Edit > Select all command prior to selecting the
transformation. This will transform the entire waveform for all of the transformation functions.

o Edit > Select All is not necessary when only a single point is selected prior to selecting the
transformation because AcgKnowledge will automatically apply the transformation to the entire
waveform since it is not possible to perform these transformations on a single point.
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Recently Used Transformations

The Transform > Recently Used submenu allows quick access to a user’s most recently used transformations
and analysis commands. The Recently Used submenu also appears at the top of the Transform submenu
available from the context menus of waveforms.

The submenu lists a default of five of the most recently used transformations, with the most recently executed at
the top of the menu. To adjust the number of recent transformations displayed, select Display > Preferences.

TransFormation--Recently Used Menu

Lisk I 10 mosk recent transformations

The recently used transformation listing is saved and restored across subsequent launches of AcgKnowledge. It
also is application wide: Executing a transformation in any graph will add that transformation onto the recently
used list. The recently used list is independent for each user account.

Transform Analysis Display Saipt MP150 Window Help Me
Recently Used Delay... Ctrl+5hift+1
Digital Filters > Integral Ctrl+5hift+2
Fourier Linear Combiners  * ToErs Cirl+5hift+3
Math Functions > Intearate. .. Ctrl+5hift+4
Template Functions > Derivative. .. Ctrl+5hift+5
Integral Scaled FLC... Ctrl+5hift+6
Derivative... Low Pass... Ctrl+shift+7
Integrate. .. Expression...  Ctrl+Shift+8

The recently used transformations can also be launched by the keystroke combinations appearing in the menu.
(AcgKnowledge 4.2 and higher)

Digital Filters
Digital Filters 3 ER >
Fourier Linear Combiners » IR 3
Math Functions » )
. Adaptive...

Template Functions 4

Comb Band Stop...
Intanral

FIR filters are linear phase filters, which mean that there is no phase distortion between the original signal and
filtered waveforms.

IIR filters are not phase linear filters, but are much more efficient than FIR filters in processing data. The IIR
filters are useful for approximating the results of standard biquadric filters of the form:

(as® + bs + c) / (xs? + ys + 2)
These types of filters are commonly implemented in electronic analog circuitry. IR filters are also used for
online filtering (discussed on page 139).

» See Appendix B for more information about the differences between these types of filters.

Adaptive filtering is a signal processing technique that processes two different signals in relation to one another;
see page 285 for details.

To understand how digital filters work, it is important to understand the nature of analog signals and their
frequency components. All analog signals are comprised of signals of various frequencies. A commonly used
analogy is that of the color spectra. Just as white light is made up of a variety of colors that have different
wavelengths (frequencies), physiological signals are comprised of specific signals with unique frequency
signatures.

For example, an electroencephalogram (EEG) recording is comprised of several different types of signals, each
of which has a different frequency signature. Alpha waves (one of the most studied EEG signals) have a
frequency range of about 8 Hz to 13 Hz. This means that alpha waves go through a complete cycle (from peak
to peak or trough to trough) anywhere from eight to 13 times a second.
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There are, of course, signals that have other frequency signatures in EEG data. Most types of physiological data
have a number of different frequency signatures present in the overall signal. In addition, frequency components
besides the signal(s) of interest are often present. In the U.S., it is not uncommon for 60 Hz electrical noise to be
acquired along with physiological signals (in other countries, AC interference is present at either 60 Hz or 50
Hz).

Use digital filtering to retain only the frequency components of interest and remove other data (whether it is
“noise” or merely physiological signals outside the range of interest).

It is important to note that the way in which data is filtered depends in large part on the sampling rate at which
the original data was acquired. For instance, if data was collected at 50 samples per second (50 Hz), it is not
possible to filter out 60 Hz signals.

In fact, data must be sampled at a rate equal to at least twice the frequency of the signal to be removed. So, if
data is to be collected and the information between 80 Hz and 120 Hz is to be removed, the data must be
sampled at 120 Hz*2, or 240 samples per second (or faster). Also, each channel of data is filtered separately, so
removing one type of data from one channel will not affect any other channels.

Digital filters can be divided into four general classes:
low pass band pass high pass band stop

Descriptions of these four classes of filters follow, with visual examples of how these filters work. In each of
the four examples, a single channel of data containing frequency components in three ranges (low frequency,
mid-range, and high frequency) is acquired.

= Low frequency data, by definition, has slowly changing values, much like respiration patterns or core
temperature variations.

= High frequency data, compared to low frequency data, is noticeably more “spiked,” much like an EMG
signal. As you can tell, the high frequency wave repeats itself about five times in the time it takes the
low frequency wave to repeat once.

= Mid-range data falls somewhere in between these two extremes.

In the examples that follow, one possible way that these data could have been collected is if respiration were
measured, but the measurement was contaminated with high-frequency muscle movement and mid-frequency
signal coming from AC interference. The data is then passed through a filter, where some of the frequency
components are removed.

Low pass filtering

In the example below, a low pass filter attenuates the data above a given threshold, allowing only lower
frequency data to “pass” through the filter.

|
High
frequency
data
Mid
frequency
data
Low
frequency
data

Incoming data Filtered data
High pass filtering
In the example below, a high pass filter removes the low and middle range data, but allows the high frequency
data to pass through the filter.

Low
Pass
Filter

Low
Cutoff
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High
frequency
data

| |

| |

| |

| |

I High |

1 Cutoff 1

o
Mid ] Hipass |
frequency | Filter |
data 1 1

| |

| |

| |
Low 1 1
frequency
data 1 1

| |

| |

_ 1 1 _
Incoming data Filtered data

Whereas the low pass and high pass filters retain data either above or below a given threshold, the next two
types of filters work with a range, or band, of data.

Band pass filter

The band pass filter, allows only the data within the specified range to pass through the filter. A band pass filter
is useful when you want to retain only specific waves from an EEG record. For instance, to retain alpha waves,
you can set the filter to only pass data between 8 Hz and 13 Hz.

|
High
frequency
data

|

| |

| |

| |

I high 1

I cutoff 1

| |
Mid ] Band |
frequency ] Pass |
data | Filter

| |

I Low |

I cutoff 1
Low 1 1
frequency
data 1 1

| |

| |

. 1 1 A
Incoming data Filtered data

Band stop filter

The band stop filter allows data to pass above and below the specified range. This type of filter is typically
applied to remove extraneous 60 Hz or 50 Hz noise from a data record.

| |
High | |
frequency | |
data 1 1

I High ]

1 Cutoff 1

| |
Mid ] Band |
frequency ] Stop |
data 1 Filter 1

| |

I Low I

1 Cutoff 1
Low 1 1
frequency
data 1 1

| |

| |

. 1 1 .
Incoming data Filtered data
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FIR Filters
Digital Filters FIR »
Fourier Linear Combiners » =3 3
Math Functions J ,
_ Adaptive. .

Template Functions J

Comb Band Stop...
Intenral

Digital filter dialog

When you select an FIR filter type, the corresponding Digital Filter dialog will pop up, allowing you to specify
a number of different filtering options.

1. Window. The Window popup menu allows you to choose from a

variety of filtering algorithms. The filter default is set to a “Blackman”

type. These different Windows (described in detail in Appendix D) Source channel: CH1, ECG
allow you to “fine tune” the filter response. Window: m

2. Cutoff Frequency (Hz) (or threshold). Enter a fixed value or set to a
fraction of the sampling rate or to line frequency.

Sampling rate—frequency is set to a fraction of the sampling rate and

1017995 samples at 1000.000 samples fsec
—Frequency cutoff

automatically updates when the sample rate is modified. " Eived at: | 125.000000 Hz
Line frequency—frequency is set to the line frequency at which the (+ samplingrate / [8.0000000

data was recorded.
Fixed at —Fixed value guidelines are as follows:

¢ Line frequency (60 Hz)

e Low Pass Filter—data with frequency components below the ~Number Coeffidents
cutoff will pass through the filter, whereas frequency components € Fxedat [33
above the threshold will be removed. For low pass filters, the B
default cutoff frequency is the waveform sampling rate divided by & Optmize for sample rate and cutoff
eight and can be set to any value between 0.000001Hz and 0.5 _ _
times the sampling rate. I™ show Filter Response ~ |d&Y =
e High Pass Filter—data with frequency components above the I™ | Dot modify.waveform

cutoff will pass through the filter, whereas frequency components I¥ | Fter enitire wavefarm
below the threshold will be removed. For high pass filters, the

default threshold is the waveform sampling rate divided by four Ok | Cancel
and can be set to any value between 0.000001Hz and 0.5 times the

sampling rate.

e Band-type Filters—a low threshold and a high threshold must be specified to define the band of data
(the frequency range) that is either passed or stopped, depending on whether it is a Band Pass or Band
Stop filter. In either case, the default for the low threshold is the waveform sampling rate divided by
eight and the default for the high threshold is the waveform sampling rate divided by four. The
threshold settings can take on any value from 0.000001Hz and 0.5 times the sampling rate, but the two
thresholds cannot be set to the same value and the high threshold must be greater than the low
threshold.

3. Number of Coefficients. Enter a fixed value or enable the optimize option.

e Fixed at—This determines how well the filter will match the desired cutoff frequency (or range). The
minimum number of coefficients is 3 and the maximum must be less than the total number of sample
points in the selected area. The software will truncate the maximum number of coefficients to the
highest odd number less than the total.

e Optimize for sample rate and cutoff—the number of coefficients is set as four times the sampling rate
divided by the cutoff frequency of the filter. Optimize does not necessarily produce the best quality
filter, but it takes less time.

The recommended number of coefficients is
4 x (waveform sampling rate/lowest frequency cutoff for the filter)
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For every filter except the band pass, the lowest frequency cutoff is equal to the specified cutoff frequency
for the filter; for the band pass filter, the lowest frequency cutoff is the low frequency cutoff setting. Filters
that use a small number of coefficients tend to be less accurate than filters that use a large number of
coefficients. Larger coefficients increase filter accuracy, but also increase the processing time required to
filter the data.

To see how changing the number of coefficients affects the way data is filtered, it can be useful to examine
the filter response patterns. In the example below, data was collected at 500 Hz and the band stop filter was
designed to remove 60 Hz noise using a low cutoff of 55Hz and a high cutoff of 65Hz. The same data was
band stop filtered using 39 coefficients (upper waveform) and then 250 coefficients (lower waveform).

‘| Frequency Response
——

Along the horizontal axis, the units are scaled in terms of frequency, with lower frequencies at the left of
the screen. The values along the vertical axis are scaled in terms of dB/V and indicate the extent to which
various frequencies have been attenuated.

In both filter response waveforms, there is a downward-pointing spike that is centered on 60 Hz. The
baseline of the filter response corresponds to a value of approximately 0 on the vertical axis, indicating that
the signals significantly above or below 60 Hz were not attenuated to any measurable extent. As you can
tell, however, the filter does not “chop” the data at either 55Hz or 65Hz, but gradually attenuates the data as
it approaches 60 Hz.

For example, the upper waveform in the filter response plot represents data that was filtered using a value
of 39 coefficients. The slope is relatively shallow when compared to the lower waveform, which represents
a filter response performed with 250 coefficients. Although the filter that used 250 coefficients took slightly
longer to transform the data, the filter response pattern indicates that the data around 60 Hz is attenuated to
a greater degree. Also, the 250-coefficient filter started to attenuate data considerably closer to the 55 Hz
and 65 Hz cutoffs, whereas the default filter began to attenuate data below 55 Hz and above 65 Hz.

TIP: A good rule of thumb is to use a number of coefficients greater than or equal
to two times the sampling rate divided by the lowest cutoff frequency
specified. For example, if running a low pass filter at 1 Hz on data sampled at
100 Hz, choose at least (2 x 100/1) or 200 coefficients in the filter. Additional
coefficients will improve the response.

DS NSENEANENEE S S
ARSI

AR
|

4. Show Filter Response. When checked, this option generates a plot of the
filter response in a new window, labeled “Frequency Response” (see -
example above)l I_ Don't modify waveform

= Units: Select linear units or dBV. I™ Filter entire waveform

5. Don’t modify waveform. This option is useful in conjunction with the “Show Filter Response” option.
When both boxes are checked, AcqgKnowledge will produce a plot showing the filter response, but will not
modify the waveform. This allows you to repeatedly specify different filter options (without modifying the
waveform) until the desired frequency response is achieved.

¥ Show Filter Response dBv
linear units
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6. Filter entire wave. If this option is checked, AcqKnowledge will filter the entire wave and replace the
original. If you want to keep the original, duplicate it prior to filtering.

IIR Filters

To access the IR filter dialog, click the Transform menu, scroll to select Digital Filters, drag right to IR and
drag right again for the filter options. For all filter types, the software will limit the frequency setting so it
cannot exceed one-half the channel sampling rate. For real-time filter options, see page 139.

IECS Low Pass..

Adaptive...

Comb Band Stop... Band Pass Low+High...

High Pass...

Low Pass and High pass

Band Pass (low + high)

Band Pass (single freq)

Band Stop (single freq)

Q coefficient

Band Pass...
Band Stop...

Pass data that falls below or above the specified standard. The Low Pass default is
waveform sample rate/8; the High pass default is waveform sample rate/4.

Pass a variable range of data. Specify a low frequency cutoff and a high frequency
cutoff to define the range or “band” of data that will pass through the filter;
frequencies outside this range are attenuated. For the Band Pass Low + High filter,
the low default is waveform sample rate/8 and the high default is waveform sample
rate/4.

= This filter is best suited for applications where a fairly broad range of data is to
be passed through the filter. For example, apply to EEG data to retain only
alpha wave activity.

Requires only a single frequency setting, which specifies the center frequency of
the band to be passed through the filter. The “width” of the band is determined by
the Q setting of the filter (discussed in detail below). Larger Q values result in
narrower bandwidths, whereas smaller Q values are associated with a wider band
of data that will be passed through the filter. This filter has a bandwidth equal to
Fo/Q, so the bandwidth of this filter centered on 50 Hz (with the default Q=5)
would be 10 Hz. Although functionally equivalent to the Band Pass (low + high)
filter, this filter is most effective when passing a single frequency or narrow band
of data, and to attenuate data around this center frequency. The Band Pass (single
frequency) default is waveform sample rate/8.

Defines a range (or band) of data and attenuates data within that band (the opposite
function of a band pass). This filter is implemented in much the same way as the
standard Band Pass, whereby a center frequency is defined and the Q value
determines the width of the band of frequencies that will be attenuated. The Band
Stop (single frequency) default is waveform sample rate/8.

The online filters are implemented as IIR (Infinite Impulse Response) filters, which
have a variable Q coefficient. The Q value entered in the filter setup box
determines, in part, the frequency response of the filter. This value ranges from
zero to infinity, and the “optimal” (critically damped) value is 0.707 for the Low
Pass, High pass and Band Pass filters. A Q of .707 for any of these filters will
result in a second order Butterworth response. The Q is set to a default of 5.000 for
the single frequency Band Pass and Band stop filters. For more details about the Q
setting, see the Appendix.

Sampling rate Sets the Frequency to a fraction of the sampling rate and automatically updates when the
sample rate is modified.

Line frequency Sets the Frequency to the line frequency at which the data was recorded.
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Adaptive Filtering

R ' Adaptive filtering is a signal processing technique that
IIR b

- processes two different signals in relation to one another

Adaptive. .. and can be used for noise estimation, noise reduction,

Comb Band Stop... general-purpose filtering, and signal separation. Adaptive
filtering creates efficient high-quality filters with a minimal
number of terms, which can be very useful in blocking
mains interferences or other known periodic disturbances.

= Useful for noise filtering where it is possible to acquire
a signal that is correlated to the noise (similar to the
way noise-cancelling headphones detect and remove
outside noise). Applications include removing EMG
from ECG or EOG from EEG.

S See the Adaptive Filtering Calculation
Channel on page 154.

The weights within an adaptive filter are modified on a step-by-step basis. AcqKnowledge uses the N-tap FIR
adaptive filter, with coefficients updated using least means squares (gradient) feedback.
Source signal
The source channel will be replaced by the adaptive filter results.
Noise signal

The noise channel is the signal that is correlated with the noise to be eliminated from the Source; it is
not modified by adaptive filtering.

Source and Noise channels must have the same sampling rate.
Order

Specify a positive integer for the number of terms to be used in the internal FIR filter.
Step size

Provides mu, the rate of adaptation of the coefficients within the FIR filter.

Comb Band Stop Filter

Comb Band Stop filters out a fundamental frequency and its overharmonics (integer multiples of the base).
Resonance, aliasing, and other effects may generate interference at multiples of a base frequency. The Comb
Band Stop filter combines all the required filters instead of requiring a separate filter for each interfering
overharmonic.

Transformation Dialog Calculation Channel Dialog
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Comb Band Stop filters remove a fundamental frequency and its overharmonics (e.g., integer multiples of the
base frequency) from a signal, and are useful for removing noise. AcqKnowledge approximates a Comb Band
Stop filter by cascading a series of IR Band Stop filters, and is limited to removing frequencies and
overharmonics. The number of filters used can be fixed at a particular number (e.g., limiting the number of
harmonics to filter out) or configured to automatically remove all possible harmonics for any given sampling
rate.

e Mac OS — Use the "Comb Band Stop Filter" Automator action to integrate Comb Band Stop
filters into Workflows.

For a given base frequency ¢ and quality factor Q, the comb filter approximation will be given by the set of
following formulas:

y = (Fw © FZw © F3(u o oFk(u)(X)

where Fw represents a standard two-tap IIR band stop filter for the frequency (2 with coefficients
computed using the quality factor Q.

The number of overharmonics of the base frequency to be removed is given by the integer value k. The
maximum allowable number of overharmonics may be automatically determined given the sampling
frequency f:

This limits the maximum overharmonic frequency to be less than the Nyquist of the sampling
frequency.

After the first comb filter is performed, the most recently used settings for the comb filter will be displayed,
(except for “Transform entire wave,” which will be reset each time the dialog is opened).

Textual export will include the source channel, base frequency, quality factor, and number of harmonics.

Comb Band Stop Filter Dialog
number of samples Width of the selection.

@ samples/sec Waveform sampling rate of the source channel.

¢ The channel sampling rate of the calculation channel can not exceed the channel
sampling rate of the source channel. Downsampling will be applied to the source
channel prior to comb filter processing, if required, and all Nyquist frequency
restrictions will be determined from the calculation channel sampling rate.

Frequency Fixed—The comb filter will remove this base frequency and integer multiples of this
frequency.

¢ Must be positive and less than the Nyquist frequency (half the sampling rate).

Sampling rate—Sets the frequency to a fraction of the sampling rate and automatically
updates when the sample rate is modified.

Line frequency—Uses the line frequency at which the data was recorded.

Q Quality factor used when computing the coefficients of the IR notch filters.
e Must be positive.

all up to Nyquist Removes all integer multiples of the base frequency. This will include all multiples of
the base frequency that are less than the Nyquist frequency.
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Harmonics

OK

Cancel
Source

Label

Preset

287

Removes the base frequency and integer multiples of the base frequency up to and
including the multiple contained in the edit field

e Must be an integer greater than 0 and must not exceed k max
e The final multiple must be less than the Nyquist frequency. If it is not, the input will
need to be corrected before the comb filter can be applied.

If the settings are valid, executes the comb filter transformation. Verification of certain
calculation channel parameters does not occur until the start of acquisition as sampling
rates may be changed after calculation channels are configured.

Prior to the start of acquisition, the following will be checked:
e source channel to ensure it is still being acquired.

o base frequency of the comb filter to ensure it is less than the Nyquist frequency of
the channel sampling rate.

o if the user has manually specified that a fixed number of overharmonics should be
used, the number of overharmonics to ensure the highest used overharmonic does
not exceed the Nyquist frequency of the channel sampling rate.

If any of the parameters are invalid, a prompt will be displayed indicating which settings
are incorrect and must be fixed for the acquisition to be started.

Quits without modifying any data.
All enabled analog, digital, and lower-index calculation channels.

When the calculation type of a channel is changed to comb filter, the title of the channel
will be replaced with the default label “Cn —Filter” where n is the index of the calculation
channel.

e Must be 40 characters or less.

Displays the title of any Calculation Preset currently applied to the calculation channel.
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Fourier Linear Combiners
Transform > Fourier Linear Combiners:

< See FLC Calculation Channel
options on page 153.

< See FLC references on page 289.

-

Order: ,15—
Baze frequency: ,30— Hz
Step size: ,'3'305—

Biag step size:

[ Transfarm entire wavefarm

Cancel | u]S |

Weighted-frequency Fourier Linear Combiner a

Order: ’157 harmanics
B aze frequency: ’307 Hz
Amplitude step size: ,00057
Frequency step size: ,Wi

I Include DC bias term

Biaz step size:

I Transform entire waveform

Cancel |

AcgKnowledge 4 Software Guide

Fourier Linear Combiners are linear combinations of
adaptable sinusoidal functions that are particularly well
suited to processing cyclic data. Sine and cosine harmonics
of a base frequency are summed together and the order is
the fixed number of harmonics used in the model. Step size
provides mu, the gain factor used to adjust the weights of
the harmonics at each processing step. Step sizes must be
much less than 1 for the system to converge. As step sizes
decrease, relaxation time lengthens. The FLC model is
adjusted based on the source data using least means square
(LMS) feedback and the bias compensates for DC offset.

Basic FLC

Simple summation of fixed numbers of sines and cosines; uses
harmonics of a fixed frequency and adjusts weighting coefficients
of the mixture.

Operates on a single channel at a time.
Well suited for extracting data of a known frequency band from a
signal with a stable frequency.

= Use as an adaptive noise filter to remove non-periodic and
semi-periodic noise uncorrelated to the base harmonic
frequency.

Scaled FLC

Fundamental harmonic frequency can vary on a cycle-to-cycle
basis. The frequency remains fixed within a single cycle and must
be known before processing.

Scales the harmonics used in each cycle based on cycle
boundary events (defined through the Cycle Detector, ECG
Analysis, or manually). Events from one signal can be used to
drive analysis of another signal.

Well suited for signals with detectable boundaries, such as ECG.

=  Use to extract information that is tightly coupled to other
cyclic signals, such as extracting ICG based upon
Knowledge of the RR cycles of the ECG.

Weighted-Frequency FLC

Base frequency of the harmonics is variable; adapts the
frequency in response to the input signal using LMS feedback;
the frequencies are similarly adjusted to the amplitudes.

Operates on a single channel at a time.

Well suited for modeling periodic signals of an unknown and
potentially varying frequency and/or amplitude.

= No cycle boundaries or frequencies need to be pre-
determined.
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Coupled WFLC/FLC

order: [15 | Runs a WFLC on the signal to determine the harmonic frequency and
B then runs the result through an FLC using the computed harmonic.
The second FLC can be run on the same or a different channel.

—WFLC Settings

Source chamnels  [3, EC ~ The transformation will occur in the channel designated as “ Output.”
Base frequency: |30— Hz Well suited for real-time extraction of information from one signal
Amplitude step size: |DD05— based upon the frequencies contained in another signal.

Freguency step size: |SE4;.;,-— = Use to remove movement noise from ECG.

= Unique configurations can be established with two input signals,
one for frequency and one for amplitude.

—FLC Settings

Source channel: IAS, ECG 'l
Amplitude step size: ID.DDS

™ Include DC bias term
Bias step size: I Se-07
—Output

Destination: I.-'-\3, ECG vI
[¥ Transform entire wave QK | Cancel |

FLC References
The basic Fourier linear combiner (FLC) is described by Vaz and Thakor.

<  Christopher A. Vaz, and Nitish V. Thakor, “Adaptive Fourier Estimation of Time-Varying Evoked Potentials,”
IEEE Trans. Biomed. Eng., VoIBME-36, pp. 448-455.

The weighted-frequency Fourier linear combiner (WFLC) and the coupled weighted-frequency Fourier linear combiner
(CWFLC) are described by Riviere, Rader, and Thakor.

2 Cameron N. Riviere, R. Scott Rader, and Nitish V. Thakor, “Adaptive Canceling of Physiological Tremor for
Improved Precision in Microsurgery,” IEEE Trans. Biomed. Eng., Vol BME-45, pp. 839-846.

The scaled Fourier Linear Combiner (SFLC) is described by Barros, Yoshizawa, and Yasuda.

< Allan Kardec Barros, Makoto Yoshizawa, and Yoshifumi Yasuda, “Filtering Noncorrelated Noise in
Impedance Cardiography,” IEEE Trans. Biomed. Eng., Vol BME-42, pp. 324-327.
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Math Functions
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Math functions ¥ Abs

ArcTangent
AcgKnowledge allows you to perform a wide range of mathematical and annec? endpoints
computational transformations after an acquisition has been completed. Unless Exp
otherwise noted, each of these functions applies only to the selected area of the Lirnit...
selected channel. If no area is selected (i.e., a single data point is selected), the L
cursor will blink and AcgKnowledge will transform the entire wave. If a math ;QD?SE
function attempts to divide by zero, a zero will be returned. o
For complex transformations involving multiple functions, you may want to use Sort
the Expression transformation (see page 305 for details). Threshold...

The following table describes the commands available in the Transform > Math functions menu:

Transform > Math

Explanation of Command

Abs (Absolute Value)

Computes the absolute value of the data. All negative data values are made
positive, with no change in magnitude. This function can be used to rectify data.

Atan (Arc Tangent)

Returns the arc tangent of each data point in radians. This rescales the data such
that the range is from -n/2 to /2.

Connect endpoints
(Connect the endpoints)

Draws a line from the first selected sample point to the last selected sample point
and interpolates the values on this line to replace the original data. The connect
endpoints function is useful for removing artifacts in the data or in generating
waveforms.

In the example below, the “noise spike” in the data is an undesired measurement
artifact that should be removed. The Cut operation will remove data, but the
subsequent data will be shifted to the left. Connect endpoint preserves the time
series of data on the horizontal axis by connecting the edges of the selected area..

=] CAVIACOVEDITDATA.ACQ [~]~
+
[150.0000
o [125.0000
E @

2
sH
T [100.0000

7500000
+
0.0000 10.837 21 673 32512
seconds % I Q
- ] Start [ ]
= CAV3ACOIEDITDATA.ACO [~]~
4|
[150.0000
o [125.0000
= @

2
sH
- [100.0000

75 00000
Ed
0.0000 10837 21675 32512
Feconds l} I Q
* +] Start | ]

Area selected before (top) and after (bottom) connect endpoints function

Exp (Exponential)

Computes the function eX, where x is the waveform data and e is 2.718281828.
This is the base of the natural logarithms.
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Limit (Limit data values)

“Clips” data outside the range specified by the set of boundaries in the limit dialog.
This operation prompts the user for an upper and lower limit. Any data values
outside these limits will be clipped. To limit only one boundary (high or low), set
one edge to the desire level and the second boundary beyond the Max/Min value
of the data within the selected area. For example to set all negative values to zero
and leave the positive values unchanged: set the lower limit to zero and the upper
limit to a value greater than max for the selected area.

Ln (Natural Logarithm)

Computes the natural logarithm of the selected section. The inverse of this function
is the exponential function, Exp.

Log (Base 10 Logarithm)

Computes the base 10 logarithm of the selected section.

In order to perform the inverse of this function, which would be 10X, use the
Waveform Math power operator with the constant k=10 as the first operand and
the waveform data as the second operand.

Noise Converts the selected section into random data values between —1.0 and +1.0.
This is mainly useful for creating stimulus signals and other waveforms.
Sin (Sine) Calculates the sine of the selected section. The data is assumed to be in radians.

Sqgrt (Square Root)

Takes the square root (V) of each data point in the selected section.

Threshold (Threshold
data values).

Transforms all data points above the threshold to +1 units, and converts all values
below the lower threshold to 0 units. Once the data crosses a threshold it will
continue to be set to +1 for the upper cutoff and O for the lower cutoff, until it
crosses the opposite threshold. The most common application of this function is to
serve as a simple peak detector, the results of which can be used in rate or phase
calculations.

Threshold Algorithm

Assume a domain variable f-§ {tres Care + 1 Loy + 21} With tyar being an

integer, a real-valued signal y(t) defined for all t, and two real valued levels y,,, and
Ymax satistying the relation y,, < V).,

Define the threshold function thresh(t) function such that:

1 I3 >
thr 6’5/7( ts{an) - { J/( starr) Yiow
0 )’( tstan‘) < Viow

0 O < Viow
thresh(f) =11 D> Vion
f/7f6’5/7( (- l) Viow < J/( t) < y/,,'g/;
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Template Functions
Set Template

Remove Mean

Correlation

Convolution

Mean Square Error

Inverse Mean Square Error
Remove Projection
Normalized Cross Correlation

Adaptive Template Matching...

The Template Functions are useful for comparing waveforms. Technically, the template functions provide
correlation, convolution, mean square error, inverse mean sgaure error, remove projection, normalized cross
correlation transformations of a template waveform against another waveform. To activate the full template
menu, select an area and then select set template.

Set Template

Use the following ECG waveform as an example and contains an abnormality. After detecting an abnormality,
this operation can help detect if there are other (similar) abnormalities in the recording. To do that, it’s
necessary to select the pattern to search for, and then compare that pattern to other data sets in the file.

Selecting a section of a wave to be used as a template:
1) Highlight the section to be used as a pattern.

2) Click the Transform menu and choose Set template from the Template functions submenu. This copies
the selected portion into a buffer for subsequent template functions

3) Select the waveform and position the cursor at the beginning of the data.

4) Choose Correlation from the Template functions submenu. The center waveform in the graph below
shows the result of the correlation.

Note the higher amplitude peaks where the template data more closely matches the waveform. The lower
waveform illustrates the mean square error function, which is similar to the correlation function.

This indicates that there are two abnormal beats in the waveform. The first one appears at about 3 seconds
and is the one used as a template; the second one appears at about 11 seconds.
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%. AcqKnowledge - [C:\ACQ\CORRFILE_ACQ]
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Result of correlation and mean square error functions
5) Use the zoom tool to inspect the abnormalities more closely.

Remove mean

A drifting baseline can be problematic when comparing waveforms. The effectiveness of a comparison of a
template or waveform with a slowly drifting baseline will be increased by applying the Remove mean template
function. The remove mean option causes the mean amplitude value of the template and the compared section
of the waveform to be subtracted from each other before the sections are compared. This way, a large baseline
offset will have very little effect on the comparison. This option is toggled every time it is selected and is
enabled when a check mark is present.

For example, the following graph shows the original waveform at the top, the correlated waveform with mean
removal in the middle, and the same correlation without mean removal at the bottom. Note how the mean
removal effectively compensates for the drifting baseline in the original waveform.

2 AcqKnowledge - [C:\ACQ\CORRFILE.ACQ]

)
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JU"VJLfWL-f"ﬂ.p\)mf"«MLfWJHJ"-,fJLf"«valtf"-,fjhﬂf}/‘"'~f"-wa‘wWJ»

Correlation with and without mean removal
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Template algorithms

The template functions are: correlation, convolution, mean square error, inverse mean square error, normalize
cross correlation, remove projection and adaptive template matching.

a)

b)

d)

e)

Correlation is a simple multiplication and sum operation. The template is first positioned at the cursor
position in the waveform to be correlated. Each point in the template waveform is multiplied by the
corresponding point in the data waveform (the waveform to be correlated) and summed to produce the
resulting data point. The template is then moved one data sample forward and the operation is repeated to
produce the next resulting data point. The resulting data points replace the waveform to be correlated.
The correlation function algorithm can be expressed by the following formula, where foytpyt(n) is the
resulting data point, femplate(k) is the template waveform data points, and K is the number of data points

in the template:

K
foutput(n) = Z ftemplate(k) * fwaveform(n)
k=1

Convolution is identical to the correlation function except that the template waveform is reversed during the
operation. This function is not generally useful by itself, but can be used as a building block for more
sophisticated transformations. The convolution function algorithm can be expressed by the following
formula, where foytpyt(n) is the resulting data point, femplate(k) is the template waveform data points, and

N is the number of data points in the template:
N/2 -1

foutput(n) = themplate(- k) * fwaveform(n + k)

k=-N/2

Mean square error positions the template at the cursor position in the waveform to be compared. Each point
in the template waveform is subtracted from the corresponding point in the waveform to be compared. The
result is squared and summed to produce the resulting data point. The template is then moved one data
sample forward and the operation is repeated to produce the next resulting data point. The resulting data
points replace the waveform.

The mean square error function tends to amplify the error (or difference) between the template and the
waveform, which makes it useful when looking for an extremely close match rather than a general
comparison. When a match is found, the mean square error algorithm returns a value close to zero.

The mean square error function algorithm can be expressed by the following formula, where foytpyt(n) is
the resulting data point, femp|ate(k) is the template waveform data points, and K is the number of data
points in the template:

K 2
foutput(n) = Z [ftemplate(k) - fwaveform(n)]
k=1

Inverse Mean square error simply inverts the result of the mean square error algorithm. Accordingly, when
this algorithm finds a match between the template and the data, the algorithm returns the inverse of a value
close to zero and, typically, a large positive spike will occur at the point of the match.

Remove Projection Template removes the projection of a reference signal from another part of a signal
(whereas the other template functions revolve around the comparison of a portion of a signal against a
reference signal).

Remove Projection treats the template in memory as a vector. The projection of the selected area onto the
template is computed as a vector dot product. This projection is then removed from the source data.
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f)

After a remove projection transformation, the remaining data consists of the part of the signal that is the
most unrelated to the template.

Remove Projection can be useful for emphasizing signal differences. For example, it may be useful for
exploring differences in an arrhythmia in comparison to a normal reference beat. It may also be useful as a
denoising building block by removing the projection of a signal against idealized noise in the template.

The number of samples in the template should match the number of samples in the selected area of source
data.

o Dot product is undefined for vectors of mismatched dimensions.

o If the template is longer than the selected source data, the template will be shortened (for that single
transformation; it will be restored afterward) so its length matches the selection width.

o If the selection is longer than the template, any data occurring after the end of the template will not
be transformed.

To create a Remove Projection template:
1. Highlight the portion of data to be used as the reference signal.
2. Transform > Template > Set Template.
3. Highlight the portion of the data to be analyzed.
4. Transform > Template > Remove Projection.

Normalized cross-correlation (NCC) is useful when searching for variations in the signal. Regular cross-
correlation (Transform > Template > Correlation) can exhibit large amplitude spikes when the energy of a
signal varies greatly or amplitudes change suddenly, causing jumps that are not necessarily indicative of a
match with the template. Normalized cross-correlation is a statistical method that can help resolve these
issues by applying normalization to both the template and signal being searched. This reduces the effect of
amplitude variation in the result, making normalized cross-correlation useful for template matching
purposes.

This transformation computes the windowed normalized cross-correlation, and results in a value between -1
to 1, which indicates the linear fit of the data set. Normalized cross correlation is defined as:

Z(Xi =X)(¥;i —Y)

L L

D (=X (v, V)
i=0 i=0

where x = template

y = signal
L = length

S = mean value of the signal f
At the end of the transformation, the source data will be replaced with the sliding NCC values. Data outside

the selected area will be left unmodified. If the selected area is zero width when the transformation is to be
executed, the entire waveform will be transformed.

If selection is shorter than the template, the missing data at the right end of the selected area will be filled
with zero padding until it matches the length of the template. This padding occurs in memory and will not
affect the source data in the graph. The same zero padding is used when computing NCC at the end of every
selected area when the template is running off the end of the data. This zero padding should trend the NCC
to zero at the right edge of the transformed area, in most cases.
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Adaptive Template Matching
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Many different types of physiological analysis involve
_ locating repetitive features within a signal. These may
template width: 181833 samples . .
- occur at regular intervals or may occur sporadically.
Average template window size: |8| matches . . . . .
Sometimes the areas of interest may be intermingled with
Correlation threshold ID.BDDDD . .
other results, such as occasional heartbeat arrhythmias
¥ Mormalize match data before updating average template - - -
occurring in a long-term ECG recording. Template
™ Reject matches doser than | 181833 |samples LI - - -
vt matching is one frequently used approach for locating
- _ _ areas of waveforms that exhibit certain characteristics. An
- Stow nemelz=d coss caneiston vebes example selection is specified as the input template. Then,
o SEnerslE sincvonzEton navEom using cross correlation or related methods, the areas of an
¥ |Befe events stmateh locatons: arbitrary wave that most strongly match the example can
Type I\a’a\-’ef\jrmOnset be |0cated
Label: . .
Adaptive Template Matching allows the template to vary
during execution to incorporate changes to the
morphology of signal attributes. The adaptation consists
of a moving average of a number of the most recent
- _ o | matching attributes. A template match will be defined as a
rensform ntre wave = Cenee peak in the windowed normalized cross correlation of the

adapting template with the signal.

Normalized cross correlation helps to eliminate artifact due to baseline shift and changes in overall power
and amplitude. This heuristic is sensitive to waveform morphology instead of amplitude.

Template width

The number of samples in the template that will be used as the initial template for the transformation, as
set using Transform > Template Functions > Set Template.

Note  One template is shared globally by all graphs and data views in AcgKnowledge.
Average template window size
Input positive integers only. Provides the number of previous matches to be used for constructing the
average template estimate.
Correlation threshold

Floating point input in the range -1 to 1. Provides the threshold used for peak detection on the
normalized cross correlation signal. Corresponds to r in the algorithm description.

Normalize matching data before updating average template

Toggle check box. When enabled, the reference set normalization algorithm option is used. This
performs mean subtraction and unit magnitude normalization to every member of the reference set prior
to constructing the average template. This option can help to compensate for unintentional weighting of
the windowed average template towards larger amplitude data.

Reject matches closer than

When checked, the minimum match interval algorithm option is used. This rejects matches that are too
close together and can compensate for degeneration of the algorithm into continual matching due to
signal self similarity. The edit field contains the minimum width that must separate valid matches. The
width must always be a positive number. The popup menu specifies the units of the separation interval.
Its contents are dependent on the horizontal axis type:

Time (seconds & HH:MM:SS) Frequency Arbitrary
samples samples samples
milliseconds Hz arbitrary units
seconds

minutes

hours
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Output

Show normalized cross correlation values provides access to the sequence of correlation values that is
examined by the heuristic for potential matches. Viewing the normalized cross correlation signal can
provide feedback that is useful for proper threshold selection and for detecting whether the heuristic has
fallen into one of its degenerate cases (e.g. NCC signal hovering around the threshold for extended
periods of time). When checked, a new channel will be added into the graph containing the normalized
cross-correlation values computed by the algorithm. The channel will be labeled “NCC Values.”

Generate synchronization waveform allows for the generation of spike trains. The value of the wave in
the graph will be zero by default. At each sample position where a match with the average template is
triggered, the wave value will be set to one. A single sample position set to 1 indicates a single valid
match. This synchronization wave can be used in conjunction with the cycle detector to perform further
data reduction, input to the rate detector for computing match frequencies, and other analysis.

Define events at match locations output allows placement of an event on the waveform being analyzed
at the location of each valid match. The event output can allow adaptive template matching to be used
to construct classifiers that provide event locations for further data reduction with the cycle detector.

= Type—Used to choose the type of event that will be defined at match locations. Displays the
standard hierarchical menu list of event types.

= Label—Label to be given to events defined at match locations.
Transform entire wave

When checked, the entire waveform will be analyzed. When unchecked, only the selected area will be
transformed.

Integral

Integral is essentially a running summation of the
data. Each point of the integral is equal to the sum
of all the points up to that point in time, exclusive
of the endpoints, which are weighted by half. The
exact formula is below, where f() is the data values
and ATs is the horizontal sampling interval
(reciprocal of the sample rate):

n-1
foutput(n) = Z finput(k) + [[finput(n - 1) + finput(n)] / 2] *ATs
k=1
The units will be (amplitude units * horizontal units). The integral function can be used to compute the area
under the curve in a continuous fashion. For instance, in data acquired by an accelerometer, the integral of the
data would be the velocity, and the integral of the velocity would be the distance. As with all transformations,
this function can be applied to either a selected area or to the entire waveform.
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Derivative
AcaKnowledge - Transformat Derivative calculates the derivative of the selected area of a waveform. Since high
BroE s @ GTrhr T frequency components return nonsensical results in a derivative, a low pass
Window: [Blacran 5105 ] filtering function is included in the Derivative function (see page 280 for more
3545 samples at 2000,000 samples/sec information on low pass filters). Derivative is based on an FIR filter
Low Frequenoy aroff—————————— | implementation.
L [250.000000 2 The Filter Response for a Derivative transformation will be displayed in linear
@ sampingrate | [3.0000000 units or in dbV. The Derivative FIR filter frequency response will appear as a
¢ Line frequency (50 Hz) linearly increasing magnitude up to the point of the specified cutoff frequency,
Number of Cosfidens— | @t which point, the filter magnitude will drop off sharply.
" Fixed at I';‘Q—
f+ QOptimize for sample rate and cutoff

[~ Show Filter Response dBY -
I~ | Bon't modify waveform

[~ Filter entire waveform

oK | Cancel I

Derivative may provide better results than Difference; if high frequency noise is present in the signal.

Cutoff Frequency The value entered in the cutoff frequency box should be roughly equivalent to the highest
frequency component of interest present in the time series data. The default cutoff
frequency is 0.125 times the waveform sampling rate.

Sampling rate—Sets the frequency to a fraction of the sampling rate and automatically
updates when the sample rate is modified.
Line frequency—Uses the line frequency at which the data was recorded.

# of Coefficients Fixed—The default number of coefficients is (4 x waveform sampling rate)/Cutoff

Frequency. As the number of coefficients (Q) increases, the Derivative becomes more
accurate. Fixed can produce better filters but may take longer to execute.

Optimize for sample rate and cutoff—Estimate the number of coefficients as four times
the sampling rate divided by the cutoff frequency of the filter. Optimize does not
necessarily produce the best quality filter, but takes less time.

Units Select linear units or dbV.

TIP: A good rule of thumb is to use a number of coefficients greater than or equal to
two times the sampling rate divided by the lowest cutoff frequency specified. For
example, if running a low pass filter at 1Hz on data sampled at 100 Hz, choose at
least (2 x 100/1) or 200 coefficients in the filter. Additional coefficients will
improve the response.

E AN ISR R AN
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Integrate
The Integrate transformation operats
the same as the Integrate calculation—
Source channel: CH1, Analog input see page 127, except it does not have a
- Max Cycle option, which is not relevant
—Options e s .
post-acquisition, and Reset via channel
with mean subtraction enabled functions
¥ Average over samples { Resetvia channel ¢ Timed reset differently online and offline.
Samples: |3— Root mean square is implemented as:
Sqrt(sum(x~2)/(n))
v Parameters
¥ Rectify
" Root mean sguare
I" | Remove baseline
¥ | Transform entire wave QK Cancel
Reset
Online Mean subtraction causes the online version to be delayed by the mean cycle length. It waits for

that period of time to pass so it can determine a mean value for the initial cycle, and it then
tries to re-compute this mean for each cycle. If the resets are too short or too long, the window
expires and the processing halts again until a new mean can be recomputed. Online processing
may reset from threshold crossing in the control channel or window expiration when it loses
mean tracking.

Offline Since all the data is available, the mean is computed from the data in the channel and doesn't
delay the signal. Also, since it isn’t doing windowed means, there are no window expiration
events that are inserted. Offline processing may reset from threshold crossing in the control

channel.
Output Reset
:=.—.i.e=.;"';-:,-h'd|t’='__ '1|1:a-'a ENTIEEER E -;:.-1--_""4“ ¥l £l B U\-FS EEEEE
Enable th B 0o (s et ) [ommon ?l&ﬁﬁmm
na e e = In T &b - integate .
400 ]|F
checkbox
option to . - -
/ A A
create an A AL S AN
| 2 Fi ! - ;
Event at each E { Y {IV b l/ 1o
signal reset. . L’ i J.-\ | o :
& | i
il A A e
U
2 ll——r———t '\.__.I I'-.. ;I \._Jl R “
Q + !P: l?' | E R L0 m?ﬂm :lz_“f‘_ = - ]_ '? .+ Hﬂa?
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The Integrate formula is the same in the calculation (online, real-time) mode and the transformation (off-line,
post-processing) mode; it varies only based on the parameters selected.

Notes
o For the first points, value of index “i”” will be less than or equal to zero; it means that for
summation you have only values beginning with f(xl).
o For the first point for summation you have: f(x_, ), f(x,), f(x,).
f(x,)and f(x,) -don’t exist, so you have only f(x,).
o For the second point for summation you have: f (x, ), f(x,), f(x,).
f(x, ) - doesn’t exist, so you have only f(x, )+ f(x,)-

o The Integrate formula is implemented as a Standard Deviation formula (see
mathworld.wolffram.com > Wolfram Research > equation 5 at
http://mathworld.wolfram.com/StandardDeviation.html).

e The Root Mean Square formula is identical to the Standard Deviation formula, but without mean
removal; this is the n-1 definition.
o For an explanation of n-1 versus n in the formula, see notes as a pdf or
http://www.uic.edu/classes/mba/mba503/971/503nts3.htm.

o For a window size n, to convert from the n-1 definition to the n definition, use /(n—l)/
n

e The formulas to calculate RMS are optimal
for data with a zero mean (typical for Source channel: CH1, ECG
biopotential data). Data with a non-zero old units New units
mean can be rescaled with the Transform -
option Rescale. Choose Transform > Volts Volts
Rescale, and then enter the following Point 1: | 10 ~2 |7.07107
PELEIEEES Point 2: |-10 => |-7.07107
I_chg::ev ]a:l:leue mﬂ ¥ | Transfrom entire wave QK I Cancel |
10 7.07107
-10 -7.07107

1. Viasamples, no extra parameters selected

J
F(x,)= > f(x)*Ax
i=j-s+1
Where:
i - index for source values (***the real range is 1..j);
J - index for destination values (1..n);
n - number of samples;

X, X~ values of points at horizontal axis;

f (X. ) values of points of a curve;

1
F (x i ) integrated values of points of a curve;

s — number of samples to average across;

Ax = Xn ~ % _ horizontal sample interval;
n-1

X, X, - values at horizontal axis at the endpoints of selected area.

Visit the online support center at www.biopac.com
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Integrate formulas, continued... ® See Notes on page 300
2. Via samples, rectify
i Where:
F(Xj ) = Z ABS(f (Xi ))*AX I - index for source values (***the real range is 1..j);
I=ierd j - index for destination values (1..n);
n - number of samples;
X, X;- values of points at horizontal axis;
f (Xi ) values of points of a curve;
F (x i ) integrated values of points of a curve;
s - number of samples to average across;
Ax = 2 =% _ horizontal sample interval;
n-1
X, X, - values at horizontal axis at the endpoints of selected
area.
3. Via Samples, root mean square (RMS)
- Where:

I - index for source values (***the real range is 1..j);
j - index for destination values (1..n);
n - number of samples;

X;, X; - values of points at horizontal axis;

f (xi ) values of points of a curve,

F(xj ) integrated values of points of a curve;

s - number of samples to average across.
4. Via samples, root mean square, remove baseline
2

Z f (Xi )_ m=j-s+1
i=j—s+1 k

s—1

Where:

I and m- indexes for source values (***the real range is 1..j);
J - index for destination values (1..n);

n - number of samples;

X, X;- values of points at horizontal axis;
f (Xi ) values of points of a curve;
F (Xj ) integrate values of points of a curve;

s - number of samples to average across.
k - coefficient: for the first few points that have index j <s k=j,
for the other points with j >=s k=s
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Smoothing

The smoothing function is a transformation that computes the moving average of a series of data points and
replaces each value with the mean or median value of the moving average “window.” This has the same effect
as a crude low pass filter, the advantage being that there is less change to shape and amplitude of the original
waveform.

Samples AcgKnowledge allows the user to set the width of the moving average window (the number
of sample points used to compute the mean) to any value larger than three. By default, this is
set to three samples, meaning that AcqKnowledge will compute the average of three adjacent
samples and replace the value of each sample with the mean or median before moving on to
the next sample. For data acquired at relatively high sampling rates, it is recommended to set
the smoothing factor to a higher value, since smoothing three sample points when data is
collected at 1000 Hz will only average across three milliseconds of data, and will typically do
little to filter out noise. To set the size of the window, enter a value in the Transform >
Smoothing dialog.

This function is most effective on data with slowly changing values (e.g., respiration, heart
rate, GSR) when there is noise apparent in the data record.

Mean value Mean value smoothing is the default and should be uses when noise appears in a Gaussian
distribution around the mean of the signal. The Mean value smoothing formula is shown
below, where “m” is the number of points in the window and “n” is the sample number:

k=n+[m-1)/2]
f output(n) = Zfinput(k) / m
k=n-(m/2)

Median value Use Median value smoothing if some data points appear completely aberrant and seem to be
“wild flyers” in the data set.

The Median value smoothing formula is shown below, where “m” is the number of points in
the window and “n” is the sample number:
f awui(n) = median (n - [m/2]; n +[m/2])

See the YouTube video for a detailed demonstration of the Smoothing feature.

Visit the online support center at www.biopac.com


http://www.youtube.com/watch?v=Ym-YAI92stY&list=TLdFDIK9JpKwmE1CvvobNnI9CJK5IyvSys�

Part C — Analysis Functions 303

Difference

The Difference function measures the difference (in amplitude) of two sample points separated by an arbitrary
number of intervals. The difference is then divided by the total interval between the first selected sample and
the last selected sample.

When the difference transformation is selected, a difference interval dialog will be generated and the number of
intervals between samples can be entered (default of 1).

For data with no high frequency components, a 1-interval difference transformation approximates a
differentiator.

The formula for the difference transformation is shown below, where “m” is the number of intervals difference,
[ ] rounds the integer down, “n” is the sample number, and ATs is the horizontal sampling interval:

foutput(N) = finpue(N + [M/2])—finpue(n—[(mM+1)/2])
(ATs * m)
Example for boundary valuesmwbe;r? foutput(0) = (Finput(1)—Finpue(0)) / (ATs * m)
- foupu(1) = (Finput(2)—finpur(0)) / (ATS * m)
fouput(2) = (finput(3)—Finput(0)) / (ATs * m)

fyouenteran odd mber —fy,(K) = (Fipul K+ —fimu(K -2))/ (ATs * m)
=0 .

If you enter an even number fouput(K) = (Finput(K+2)—Finpue(K -2)) / (ATs * m)
(K =even):

Note: The online (real-time) Difference calculation is calculated differently because projected values are not
available. The online Difference formula is:

foutput(n) - finput(n _m)_finput(n) / (ATS * m)

Using the default difference setting of 1 interval will produce a “AP/AT” waveform when the
transformation is applied to a blood pressure or similar waveform.
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Resample

Source channel: CH1, Analog input

2000,000 samples/second
2000.000 samples/second

Acquisition Sample Rate:
Waveform Sample Rate:

Mew Waveform Sample Rate: IZDDI:I.DI:IEI samples/second ;l

Interpolation method: ILinear vl

Padding (none

Cancel |

Cubic Spline

AcgKnowledge 4 Software Guide

AcgKnowledge - Transformation - Resa

Enter new graph sampling rate { minimum rate = 0.32835 )

| 2000.00000 samples/second

Interpolation method: ILinear |E|
Padding (none

Cancel |

Cubic Spline

Variable sampling rate and the flexible acquisition speeds of hardware units can create data sets that are at
different sampling rates. For some types of data analysis, the data must be resampled to a common sampling
rate. AcqKnowledge has resampling facilities with Transform > Resample Graph; Transform > Resample
Waveform, and Pasting between graph windows of different sample rates when the “Interpolate pastings
between graphs” Preference is enabled (via Display > Preferences, page 447).

AcgKnowledge provides three interpolation methods for resampling data. Any changes made to the interpolated
pastings between windows Preference and the interpolation method used in the Preferences dialog will be

retained across launches of the software.

Padding—Padding will use the closest original value of the waveform to the left of the new sample
position for the value, constructing a padded square save as the data is resampled. Padding is desirable
when it is imperative no new data or data approximations get introduced into an analysis.

Linear—L.inear interpolation is the default; previous software versions generated any missing data via
linear interpolation. This method uses the sample points of the old waveform as the endpoints of a line.
Missing data points are approximated from points lying on this linear segment.

Cubic spline—Cubic spline interpolation will construct a spline for the entire data set and use the values of
this spline as the new waveform values. A natural fit spline is used that keeps zero second derivative at the
endpoints of the fit. Cubic splines are useful when the analysis requires data with a smooth derivative.

Resample Graph

Apply an arbitrary, user-defined sample rate to all waveforms present in a file.
= This option will adjust as needed the channel sampling rate as well as the acquisition sampling rate.

Resample Waveform

» For Resample Waveform, the highest rate that can be entered is the Acquisition Sample Rate.

Resamples the active channel to a different rate. Resampling data maintains the same time scale but
changes the number of samples per second. This option can be used to increase the number of sample points
per interval (usually samples per second). When this is applied, AcqKnowledge will interpolate between
sample points to adjust to the new rate. This will add data points, although not necessarily more

information.

= Resampling to a lower sampling rate will “compress” a data file and information will be lost.

= For example, a 4-channel data file sampled at 250 samples per second for 15 minutes requires about
1.8 MB of disk space. If these channels are resampled to 100 samples per second, the size of the file
on disk is about 720 KB, a considerable reduction.

» The highest rate a channel can be resampled to is the file acquisition rate (Hardware menu > Set Up

Acquisition).

= |If data is resampled to a lower rate and then resampled again at a higher rate, the waveform will
maintain the resolution of the lower sampling rate, only with more data points.

Visit the online support center at www.biopac.com
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Expression

Evaluate expression:

Preset: IZSEE Cosine Wavef‘or;l New Preset... | Delete

COS(2*PI*TIME/2)

Sources: ICHl,Anang input vl Functions: IABSCI vl
Destination: INew vI Qperators: |+ vl

Clear |
™ Use new destination units: I
¥ Transform entire wave oK I Cancel |

See the tables on page 145 for descriptions of sources, operators and functions for the Expression dialog.

The post-acquisition Expression transformation is available for performing computations more complex than
available with the Math and Function calculations. The post-acquisition version of the Expression
transformation includes all the same features as the online version described on page 141. The Expression
transformation will symbolically evaluate complex equations involving multiple channels and multiple
operations. Unlike the Math and Function calculations, which can only operate on one or two channels at a
time, the Expression transformation can combine data from analog or digital channels, as well as calculation
channels with a lower channel number. Also, computations performed by the Expression transformation
eliminate the need for “chaining” multiple channels together to produce a single output channel.

To have AcgKnowledge solve an expression and save the result to a new channel, choose Transform >
Expression. For each expression, specify a source channel (or channels), the function(s) to be performed, any
operators to be used, and a destination for the result. The components of each expression can be entered either
by selecting them from the pop-up menus (sources, functions, destination, and operators), or by typing
mathematical commands directly into the expression box.

Any expression can be assigned a specific name and saved as a custom preset. A pop-up menu of recently used
expressions is also available in the Preset menu, along with a pre-loaded list of commonly used expressions.
The Expression transformation can reference past and future points.

Delay

The Delay transformation allows the addition of time delays in postprocessing (similar to the Delay calculation
channel that can be used to add time delays to signals). The time delay can be added by introducing zero-valued
samples at the start of the area to be delayed. The length of the waveform will remain the same; an amount of
data at the beginning of the wave prior to the delay will be lost, with the length equal to the delay. To set up a
delay, choose the Transform > Delay menu item.

When inputting the delay amount, the units can be changed between seconds and samples.
e Delay by samples is applied according to the acquisition sampling rate, not the channel sampling rate.
The Automator action allows Delay to be used in Automator workflows. See page 25.

AcgKnowledge 4 Software Guide



306

Rescale

AcgKnowledge 4 Software Guide

The Rescale transformation operates identically to the Rescale calculation—see page 155.

Transformation - Rescale

Source channel: CH1, ECG
Old units
uMha

Mew units

IuMho

Point 1: I 1,00000000

—z |1.00000000

Point 2: I 0.00000000

¥ Transfrom entire wave

—> [0.00000000

OK | Cancel I

Waveform Math

Transformation - Waveform

Source

1 Source 2 Destination

|cHy, ECe = |+ =l =l => |cH1,EcG 7]

:gl0.000000)

v Tra

nsform entire wave K Cancel |

The Transform > Waveform Math operation allows arithmetic manipulation of waveforms. Waveforms can be
added together, subtracted, multiplied, divided or raised to a power. These operations can be performed using
either two waveforms or one waveform and an arbitrarily defined constant. Operate on the entire waveform by
choosing Transform entire wave, or operate on portions of the waveform that have been selected using the
cursor tool. If there is no selected area, only one sample point (the one selected by the cursor) will be

transformed.

All of the main components of a waveform math calculation can be selected from pop-up menus in the
Waveform Arithmetic dialog.

Source The channels to be used in the transformation are referred to as source channels (Source 1 and
Source 2), and can be combined using any of the operators in the pop-up menu. Source
channels allow you to select any of the existing channels in the current window, or a constant
(defined by K).

Constant The “Constant =" entry box is activated when a Source is set to “K, Constant.”

Operand The pop-up menu allows selection of addition, subtraction, multiplication, division or power
functions.

Destination Save the results to an existing channel or create a new channel. Choose an existing channel

from the pop-up menu or select the “New” option, which will create a new channel (using the
next available channel).

Waveform math can be used many ways. As one example, two waveforms can be added together. The
following screen shows a sine wave in channel 14 and a triangle wave in channel 16.

=] CAYIACOIWAVEFORM.ACQ [+]~
205308 |+

o 1016947

L

5 4

= 00E+000

o =

L] -1.01694

o 2 517700

=

[ 0

£ 00E+000 F

Z| =

& 251770
-soas4n [+

40782 45591 £.00a0 55080
seconds k | I Q
+ [ | [+] Stat | @
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To add these two waves, select Transform > Waveform Math and set source 1 to channel 14, the operator to
addition “+”, source 2 to channel 16, and destination to New as shown here:

|=-| Waveform Arithmetic

Source 1 Operand Source 2 Destination

[cHa 2] [+ |£||[:H1E|£| = |New  [#]
Qonstanl=|l]

Cancel I

Click OK to perform the transformation. The following screen shows the sum of CH14 and CH16 on a new

channel.

= | CWIACAWAVEFORM.ACQ

-1

W 0.0E+000
5.05452

Wolts

1.016947
-1 01694

Wolts
L

Saw wave | Sine Wave | CHI4+CHIE

WW ( 0F+000
503540 |

Wolts

407492 45891 50850 5 B0S9

seconds

NHE

. L1

[+] Stat | @

NOTE: If you select two waveforms of unequal length as sources, the length of the resulting
waveform will be equal to that of the shortest one. Likewise, if one of the source
waveforms extends only into a portion of the selected area, the resultant waveform
will only be as long as the shortest source portion. If waveform math is performed on
a selected area and output to an existing waveform that does not extend into the
selected area, the resultant waveform is appended to the destination waveform.

Slew Rate Limiter

Source channel: CH10, EMG

Minimum allowed change: ID mV
Maximum allowed change: I 5 my

—Settings
Signal type: [N -] New.. | ocdei= |
Time windaow:
{* samples: Il intervals
" time: Il.DIIICICICIIII Isecc-nds _I

I

¥ Transform enfire wave

Cancel |

The Slew Rate Limiter transformation is used for denoising and removing motion artifact during and after
recording. The allowable amount of motion artifact over a given time/sample window can be precisely adjusted
from a minimum allowable change to a maximum allowable change, thereby eliminating artifacts that exceed
the selected amplitude range within a given time period.

Tailor the range for a given type of artifact by modifying the Time window and Minimum/Maximum allowed
change parameters. Parameters for various levels of artifact detection can be permanently stored by clicking
“New...” and saving the signal type as a custom preset.

To apply the slew rate limiter transformation in Acqknowledge:
1. Select the desired source channel in the data.
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Transform > Slew Rate Limiter.

Select the time window using a sample interval or a time value.
Set the desired minimum allowed change value.

Set the desired maximum allowed change value.

. Click OK.

Any artifact that falls outside the boundaries of the maximum/minimum allowed change setting will be
eliminated from the data.

See also: Slew Rate Limiter online calculation channel on page 156.
See the YouTube video for a detailed demonstration of the Slew Rate Limiter.

o oA W

Visit the online support center at www.biopac.com
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Chapter 16 ~ Analysis Menu Commands

Overview

The Analysis menu contains operations that derive data and measurements from the graph—plus a courtesy
copy of the Specialized Analysis package with classifiers and automation routines.

Histogram
Analysis - Histogram = Histogram | vI -
+
Source chanmel: CH1, ECG 756,000
IED hins Iv¥ autorange
_ . = 1857333
Highest bin; [ 10.000000 Yelks 2 £
L=
Lowest bin: I—ID.UDUDDU Yolks 925 BEEE
.OE+000 [
[¥ | Transform entire wave [8]4 I Cancel | B.000 o000 ?%ghudu Bn.o00 [% | I |©l
. [+ Stat | @

The Histogram function produces a histogram plot of the selected area. When a histogram is created, the sample
points are sorted into “bins” along the horizontal axis that contain ranges of amplitude values. These bins divide
the range of amplitude values into equal intervals (by default, ten bins) and the individual sample points are
sorted into the appropriate bin based on their amplitude value.

For instance, if a waveform had a range from 65 BPM to 85 BPM, the lowest bin would contain all data points
with a value from 65 BPM to 67 BPM. The second lowest bin would hold all data points between 67 BPM and
69 BPM, and so on, until the tenth bin was created. AcgKnowledge then counts the number of “hits” (the
number of data points) in each bin and plots this number on the vertical axis.

Analysis > Histogram Options:
bins Determines how many bins the data will be divided into; the default is ten bins.

Autorange  Fits all the data selected into a bin; the bin sizes are determined by the extent of the data and the
desired number of lines. Automatically sets the center of the lowest bin equal to the minimum
value of the waveform (or the selected area, if a section is highlighted), and centers the highest
bin on the maximum value of the waveform (or selected area, if any).

Disable to fix the bin sizes and enter values for Highest Bin and Lowest Bin.

When you click OK, a histogram plot will be generated in a new window. By default, Acqknowledge displays
the frequency of occurrence for each bin on the vertical axis. To calculate the cumulative frequency, select the
entire histogram waveform and choose Integrate from the Transform menu.

Since the histogram function sorts sample points into a relatively small number of categories, the histogram
window is likely to display a large number of “hits” in each bin, especially if data was collected at a relatively
fast sampling rate. If this is the case, you may want to resample the data at a lower rate (using the Transform >
Resample function). The caveat to this is that resampling the data may cause a bias, unless the data was filtered
to remove all frequency components that are more than 0.5 the resampling rate.
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Autoregressive Modeling
About autoregressive modeling

Autoregressive modeling is linear mathematical modeling algorithm well suited to operation on discrete series of
data. Using autoregressive models of physiological data, it is possible to perform advanced time series
analysis, compression, denoising, arrythmia detection, and waveform classification. Its ability to be used to
extrapolate spectral features from waveforms at low sampling rates makes autoregressive modeling quite

useful for electrogastrogram analysis.

AR modeling has a large number of applications in physiological signal analysis. These applications derive from
its ability to approximate data through a more compact representation in AR coefficients. Other applications
leverage AR modeling's ability to generate additional data for a signal with roughly the same characteristics.
Specialized applications exist for ECG, EEG, and EGG in addition to general purpose analysis procedures.

Autoregressive modeling estimates the

parameters of a fixed-order autoregressive
Source channel: CH1, ECG model, representing a model output value
as a linear sum of previous input values.
AR modeling may replace the source data
™ Display AR coeffidents in Journal with the model of equivalent length. The
output length is equal to the source data,
unless specified.

Model order: I 10

¥ Show model in separate graph; length I 30000 samples

¥ Don't modify waveform

¥ | Transform entire wave oK Cancel

AR Time-Frequency Analysis is on page 313.

Output can also paste model parameters as tabular text to a journal. If “Don’t modify waveform” and “Show
model in separate graph” are both enabled, a new graph window will be generated to display the specified
number of samples resulting from the best-fit autoregressive model.

Visit the online support center at www.biopac.com
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Nonlinear Modeling

About nonlinear modeling

Modeling is used in physiological data to assess how well data conforms to a theoretical model. This is
used to express a sampled signal in a continuous form and to perform data reduction. The nonlinear
modeling features in AcqKknowledge support more advanced physiological analysis than is possible with
the linear regression measurement, which is a rudimentary single order linear model.

Nonlinear modeling is the process of finding the best fit of a mathematical function to an arbitrary data
set. Fitting the function—or model—to the data consists of choosing a set of function parameters that
minimize error between the actual data points and the values generated from the model function.
Nonlinear modeling functions can be arbitrarily complex. When the model is close to the shape of the
data, the fits between different data sets may be good indicators of subtle variations in the data.

Most general-purpose methods of performing modeling are iterative and require an estimator for the
function. A commonly used estimator is the least means squares (LMS) estimator. Nonlinear models can
be estimated from data by combining LMS estimators with multidimensional function minimization
algorithms.

Applications in hemodynamics

Many pressure and ECG signals exhibit regular morphologies. Fitting data to models that share these
characteristics helps emphasize subtle differences in waveforms though variations in their model
parameters. Nonlinear modeling is one of the most accepted methods for computing indexes for the
relaxation period of left ventricular pressure. Cardiac researchers have used the time constant “tau”
in various studies on cardiac function and abnormalities. Tau is determined by one of the parameters
to an exponential model of the trailing end of the pressure signal. Studies have indicated that tau can
be a good indicator of cardiac dysfunction, but reliable methods for its calculation have proven difficult
and the effort is ongoing. The generic modeling abilities in Acqknowledge allow researchers to
analyze data using the tau constant and potentially develop robust algorithms for its calculation.

Nonlinear modeling (also called “arbitrary curve fitting*)
Max. number of reratons: [1000 determines the “best fit” of an arbitrary function to
Tolerance: [0.0001 source data; the function is called a model.

—Model original placement:

A model must match underlying trends in the data to
produce meaningful results. Also, to properly interpret
the value of the best fit coefficients and any further
derived results, users must consider the limitations of the
simplex search method, which include: estimation only;
not guaranteed to terminate; not guaranteed to find the
exact solution; may get stuck in local minima.

At start of the graph

f* Aligned with start of selection

—Model Expression

Preset: ILinear - I Mew Preset...

param(1)*TIME +param(0)

Delete... |

Sources: ICH41,Hea 'I Functions: IABSD vl
Parameters: Iparam[ﬂ) 'I Operations: |+ vl

¥ output to Journal

I™ Show model in separate graph; length | 23 samples

¥ Don't modify waveform

™ Transform entire wave Cancel |

See the NLM measurement on page 103

Nonlinear modeling generates a new display and replaces source data with a model of equal (unless specified)
length and also pastes model parameters as text to a journal. The sampling rate and axis units match the source
graph.
Max Iterations
Indicates the number of iterations after which the simplex search will be terminated if no convergence has
been achieved.
Tolerance

Provides the tolerance used for termination of the algorithm. If the estimator decreases in two consecutive
steps by less than this tolerance, the simplex search will halt.
AcgKnowledge 4 Software Guide
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Model Origin Placement

Controls where the zero point of the model is placed. Selection-relative placement is useful when comparing
different sections of the same channel of data by looking for variations in their best fit model parameters. If
channel data is used as part of the Model Expression the location from where the channel data is extracted
will not be translated; regardless of the model origin setting, the channel data will be used from the selected
area only.

Model Expressions

These model expressions use the same expression format as other parts the program, such as the Expression
calculation channel. See the function tables starting on page 145 for details on Sources, Functions, and
Operators.

Preset

The following presets for the most common types of models are included. Users can extend presets or create
custom models if these presets are too general to achieve exact fits with simplex search. Presets are stored at
Computer > Local Disk > ProgramData > BIOPAC Systems, Inc > AcgKnowledge 4.x > Presets.

Preset Description Expression
Cubic 3rd order polynomial. param(3)*(TIME~3)+param(2)*(TIME"2)+param(1)*TIME+param(0)
Gaussian Standard Gaussian model; useful param(0)*EXP(-((TIME-param(1))/param(2))"2
for peak fitting.
Linear Basic linear fit of the data. param(1)*TIME+param(0)
Logarithmic Logarithmic growth and decay; param(0)*LOG(TIME-param(1))+param(2)

useful for initial rapid growth/decay
followed by gradual
decline/increase.

Logistic Logistic LVP relaxation model; param(0)/(1+EXP(-TIME/param(1)))+param(2)
T. given by a(1).

Monoexponential ~ Exponential LVP relaxation model;  param(0)*EXP(-TIME/param(1))+param(2)
Te given by a(1).

Power Series Useful for a wide variety of data, param(0)+param(1)*(TIME param(2))
e.g. reactant analysis.
Quadratic 2" order polynomial. param(2)*(TIME"2)+param(1)*TIME+param(0)
Weibull Commonly used in reliability param(0)*param(1)*TIME”(param(1)-1)*EXP(-param(0)
Distribution analysis. *TIME"param(1))
Sources
All channels except the active can be used as sources with the Model Expression.
Parameters

Parameters are represented by param(n) where n is an integer index starting from zero. For example, in the
linear model param(0)*x+param(1), param(0) can be interpreted as the “a” in “ax+b and param(1) can be
interpreted as the “b” in “ax+b.”

Output to Journal displays the result of the modeling as text in the journal.

Show model in separate graph generates a separate graph to display the best fit model.
Length specifies the length of the separate model graph in samples.

Don’t modify waveform suppresses replacement of the selected source data.

= If the model fitting does not complete successfully, the original data will be preserved regardless of
the state of this selection.

Transform entire wave
Fits the entire data of the selected waveform to the model, with model origin at start of graph.

Visit the online support center at www.biopac.com
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Power Spectral Density

The Power Spectral Density (PSD) function extracts the
adow: power present at different frequencies within a signal and is

useful for EMG analysis. The PSD transformation

e approximates the same result as squaring the linear FFT

¢ Manual: [0 samples magnitude. PSD is not available when the horizontal units
Overlap length: @ Automatic of the source graph are set to Frequency.
" Manual: [0 samples AcqgKnowledge uses the Welsh periodogram to average
FFT width: & Automatic signal time-sliced portions of the signal and reduce noise

effect, and generates a two dimensional graph displaying
the wattage of a particular frequency component in a signal.
Windowing options are Hanning, Hamming, or Blackman.

" Manual: I-j points

W Use linear detrending for each window

¥ Detrend each segment independently The graph is plotted as horizontal frequency vs. vertical
I Transform entire wave oK | Cancel | (units)*2/Hz, where units are the vertical axis units of the

source data.

Use linear detrending for each window—when enabled, linear regression detrending is applied for each
individual segment prior to the FFT computation; when disabled, windowing only is applied.

Detrend each segment independently—becomes available when “Use linear detrending” is enabled. When
this option is enabled, detrending is applied independently for each segment; when disabled, detrending from
the previous segment will be incorporated into the next segment.

AR Time-Frequency Analysis

The AR Time-Frequency transformation can be used to
Source channel: CH1, ECG examine changes in the spectral density of a signal using
Time interval: |1.0000000  [seconds 7] enhanced frequency resolution from derived AR models.
Modelorder: [15 Examining frequency changes over time can be a useful tool
Erequency resoluton: [1028 points for arrhythmia detection and rough classification of
e waveforms.
Amplitude scaing: [decbes = Autoregressive spectrum time-frequency analysis divides a
I™ Normaiize ampitudes waveform into equal-length time segments, calculates an AR
Analyze data from:  Selected area only model (see page 312) for each individual time segment, and
" From gursor to end of waveform then computes a power spectrum from the model. (To perform
$ETETmTIT raw data time-frequency analysis, use the Cycle/Peak detector
Mo with the FFT 3D output option.)
™ Paste results in Journal
OK I Cancel |

Time interval—Enter a positive floating point value to specify the segment width; the source signal is split into
fixed length segments of this width and a frequency spectrum is generated for each segment from a model of its
data.

Model order—Enter a positive integer to specify the order of the AR model that is constructed on an interval
by interval basis.

Frequency resolution—Enter a positive integer to indicate the number of points contained in the FFT of an
individual time segment; it will be rounded to the closest power of 2 when analysis is performed.

Amplitude scaling—"“Normalize amplitudes” scales amplitudes such that the maximum peak-peak distance is
equal across time intervals.

Show 3D Output—Constructs a 3D surface plot of the time-frequency analysis with amplitude vs. frequency
vs. time.

Paste results to journal—Inserts a series of tab-delimited tables representing the frequency distributions on a
cycle-by-cycle basis into the Journal.
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FFT Fast Fourier Transformation

2048 point of FFT

i+ Pad with zeros  ( Pad with last point

[~ Remove mean W Magnitude | & dB  Linear

[~ Remove trend [ Phase [ show modified input

v window IHamming 'I
¥ FFT of entire wave QK | Cancel I

The FFT algorithm requires that the length of your data be an exact power of
two (i.e., 256 points, 512 points, 1024 points, and so on).

The Fast Fourier Transformation (FFT) is an algorithm that produces a description of time series data in terms
of its frequency components. This is related to the frequency spectrum. The FFT displays the magnitude and
phase of the time series data selected and displays only the DC and positive frequency components; the FFT
does not display negative frequency components. To reconstruct a signal from additive sines or cosines, you
need to include both the positive and negative frequency components. Since it’s not physically possible to
generate a negative frequency signal, you need to double the amplitude of the corresponding positive frequency
component.

The output from an FFT appears in a graph window with magnitude (vertical axis) plotted against various
frequencies (horizontal axis). A large component for a given frequency appears as a positive (upward-pointing)
peak. The range of frequencies plotted is from 0 Hz to 1/2 the sampling frequency. Thus, if data was collected
at 200 samples per seconds, AcgKnowledge will plot the frequency components from 0 Hz to 100 Hz.

Fourier analysis can yield important information about the frequency components in a data set, and can be
useful in making determinations regarding appropriate data cleaning techniques (e.g., digital filtering). The FFT
algorithm assumes that data is an infinitely repeating periodic signal with the end points wrapping around.
Thus, to the extent that the amplitude of the first point differs from the last point, the resulting frequency
spectrum is likely to be distorted as result of this start point to end point discontinuity. This can be overcome by
“windowing” the data during the transformation. For more information on the windowing feature, see the
window section that follows.

The FFT transformation cannot be performed in real time (i.e., during an acquisition). To emulate an online
spectral analysis, use online filters and the Input VValues window. See page 230 for more information about real-
time frequency information.

Pad If a section of data is selected that is not a power of two, AcqgKnowledge will always “pad” data
up to the next power of two, filling in the remaining data point with either

Pad with zeros: a zero
Pad with last point: the last data point in the selected area

In other words, if 511 data points are selected, AcqgKnowledge will use a modified version of
the waveform as input. The modified waveform will have 512 points, and the last point in the
modified wave will be either a zero or equal to the 511" point of the original data.

Visit the online support center at www.biopac.com
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Show Mod.

Window
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To view the modified waveform being used as input for the FFT, check the Show modified

input box. Whenever possible, it is best to use an input waveform (select an area) that is an
exact power of two. The waveform is modified by applying the windowing and padding

options. Window functions diminish the discontinuities that occur at either end of the wave.
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The FFT algorithm treats the data as an infinitely repeating signal with a period equal to the

length of the waveform. Therefore, if the endpoint values are unequal, you will get a frequency

spectrum with larger than expected high frequency components due to the discontinuity.
Windowing these data minimizes this phenomenon. For example, to apply a window

transformation to a sine wave whose endpoints do not match up, check the box next to Window

and choose a type of window from the pop-up menu. Each of the windows has slightly different
characteristics, although in practice each provides similar results within measurement error.

As shown below, the frequency spectra of the windowed and non-windowed data differ

significantly when the endpoints are unequal. When data are not windowed, the very low and

very high frequencies are not attenuated to the same extent as when windowed.
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Remove
Trend
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Sometimes, data contains a positive or negative trend that can cause extraneous
frequency components to “leak” into the frequency spectrum. In this case, you could select
remove trend when you perform the FFT, which will draw a line through the endpoints, and

then subtract the trend from the waveform.

For example, the =]

following sine wave
has an upward trend
through the data
(positive trend
component). The lower
graph shows FFTs of
the skewed sine wave
data with and without

the trend removed.

Note that the spectrum

of the data without the

trend removal has

gradually decreasing
frequency components,
while the data with the
trend removed has far
fewer frequency
components except for
the single spike due to
the sine wave.
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