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Getting Started

Introduction

NAVI (Near-infrared Analysis, Visualization and Imaging) is a versatile software environment developed
to support the study of time-varying near infrared measurements of tissue using the DYNOT and
NIRScout imaging systems. NAVI is composed of modules for assessing instrument performance,
editing detector data, constructing images from multi-channel data, extracting dynamic features from
detector or image data, and visualizing detector and image data. These modules, which are linked to an
automated file manager and a project-specific metadata ledger, provide you with abilities that are both
convenient and powerful.

NAVI uses the MATLAB run-time component and is distributed as a stand-alone program for
Windows®.

This chapter provides information about installing NAVI, its main components, preparing data and
initializing projects.

Installation

Contents in the Product CD/External hard disk
The NIRXpackage on the product-release hard disk comprises three folders:

= NIRX_NAVI: NAVI is a versatile software environment developed to support the study
of time-varying near infrared measurements of tissue using the DYNOT and NIRScout
imaging systems. This folder contains four subfolders:
src_navi_2010 _p: a p-file version (i.e., executable but not editable) of NAVI
navi_models: contains four pre-calculated FEM brain models
navi_demodata: contains two DYNOT data sets for demonstration purposes
navi_manual: explains how to install and use NAVI

= NIRX_BrainModelGenerator: Brain Model Generator is a MATLAB-based interactive
FEM model generation tool. It allows users to independently generate FEM brain models
appropriate for novel experimental source/detector geometries. This folder contains two
subfolders:
src_modelgenerator_p: a p-file version of the model generator code
modelgenerator_manual: explains how to install and use the generator

= NIRX_Brain_Library: This folder contains a pre-calculated MR-based FEM brain model
library. The model generator code creates new models by operating on constituents of the library.
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System Requirements

1.4 GHz Intel Pentium IV processor (or equivalent), or faster;

Windows 2000, XP, Vista, or 7;

2 GB RAM, or more;

1024x768, 16-bit display (32-bit recommended);
100 Gbyte available disk space, or more.

Installation

The current release of NAVI, V2.1, is run under MATLAB 7.x with the necessary toolboxes.

To install the p-file version of NAVI on your computer, please take the following steps:

1.

Place the installation CD in your computer, and navigate to the CD’s src_navi_2010 p
directory.

Create a workspace for NAVI on one of your computer’s hard drives (for example,
C:\NIRXpackage\NIRX_NAVI\), and copy the entire src_navi_2010_p folder to that location.

Add the newly created folder to the MATLAB Search Path, as follows:

Launch MATLAB by double-clicking the MATLAB icon on your desktop.

Select and click on Set Path... in the File menu, or enter “pathtool” at the MATLAB prompt.
This will open the Set Path GUI, which is used to view and modify the MATLAB search
path.

Click on Add with Subfolders in the Set Path window. This will open the Browse For
Folder window. In Browse For Folder, navigate to the src_navi_2010_p directory on your

computer’s hard drive. Select/highlight the

src_navi_2010_p folder and click on OK.

— Click on Save on the Set Path window, then on
Close, and then quit MATLAB.

Target type: Application

Target location: win32
Create an icon to conveniently launch NAVI. The Terget: CAMATLABEpSp 1\bin'win3Zmatlab exe
simplest way to do this is to make a copy of the o R
MATLAB startup icon (found on the desktop) and —
rename it to “NAVIL.” The default folder for use of ' :
MATLAB is the “work” directory. To change the | ™7 e v
default setting, right-click on the new icon, select i

Find Target... | [ Changs Icon... | [ Advanced..

Properties from the resulting pop-up menu, select
the Shortcut tab in the resulting NAVI Properties
pop-up window, and change the contents of the
Start in: line to the NAVI workspace folder (for
example, C:\NAVI2bl\work in the figure shown
here), and click on OK.

General | Shortcut | Compatibility

=

MNAWVI

QK ] [ Cancel ] [

Apply
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Once NAVI is installed, double-clicking on the NAVI icon on your computer’s desktop will
automatically launch the home screen shown below. Alternatively, you can just enter “navi” at the
MATLAB command prompt.

The Data Viewer portal includes
modules for visualizing detector data Click the Exit
and images, and for re/viewing button to close
information about the data processing NAVI
steps that have been taken (Chap. 6)

The Data Analyzer portal
includes modules for extraction
of dynamic features from data
time series (Chap. 8), and for
averaging data from repeated-
performance timle intervals (7)

The Image Generator portal includes
modules for preprocessing detector
data (Chap. 3), reconstructing images
(4), and exporting data files in various
formats (5) ‘

MIRsx Dynamic Imaging Analyzer 1.0 EE@@
_ hh&if | — Neur Infrared Analysis, Visualization ard Imaging
U
NIRx Medical Technologies, Copyright, 2004 ﬁ%
Image Generator Data Viewer Data Analyzer

Load From File System - Load datalnfo | FromFile System Load datalnfo | FromFie System  +

datalnfo Filz (NAVI-Created) -
Imager Type:  None (Please Choose One) - Detector Time Series Viewer Data Type Specification
with wavelength dependence data - Image w |Hboxy -
Detector Preprocessing
Data G ti
Run Set Parameters Hemodynamic Image Viewer ata Beneration
Get Dataset for Analysis
Filter Data |Low Pass -
Mormalize Data Data Processing Info Viewer
Feature Extraction
Image Reconstruction Running Status: Set Parameters | | Muttivariate Analysis -
= =
Reconstruct Image Start PCA -
A
Data Export Utilities
Ex port Hboxy Images to - —
ANALY ZE Format - Start FEM Model Ger|erator -
This window displays the
This is the home screen used status of the operations The Utility portal includes
to control all modules built in | thatare running, in all tools for making as-needed
the NAVI software package data processing Stages modifications to Imaglng
operators (Chap. 9, 10), and

for launching the naviSPM
GUI (11)
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Main Components

File Manager and Electronic Ledger

When processing experimental data, the NAVI computing environment automatically generates a
hierarchical file structure for each project while simultaneously recording all processing steps in an
electronic ledger.

NAVI treats each DYNOT- or NIRScout-based experimental data set as a separate specific project.
Loading raw data into NAVI immediately initializes the electronic ledger (also called the datalnfo file),
which records information regarding details of data collection and FEM model selection. Once initialized,
the datalnfo file keeps track of all facets of NAVI-based data processing associated with the project.
Meanwhile, the automated file manager creates a hierarchical tree structure for the project and uses the
information extracted from the datalnfo file to control file input and output. In combination, these abilities
provide a single portal to access all files associated with any project.

Image Generator

The Image Generator portal contains the Detector Preprocessing, Image Reconstruction and Data
Export modules.

= Detector Preprocessing: This module provides functions for editing, frequency-filtering, and
normalizing the multi-wavelength raw data time series, and it also computes the corresponding
hemoglobin-concentration time series. [See Chapter 3.]

» Image Reconstruction: This module employs a linear reconstruction method (truncated SVD) to
compute the wavelength-dependent absorption coefficients, from which estimates of the time-
varying molar concentrations of oxygenated (oxy-), deoxygenated (deoxy-) and total hemoglobin
(Hb), and the Hb oxygen saturation (HbO,Sat), are derived. [See Chapter 4.]

= Data Export: This module provides functions for exporting NAVI-based data or images in
different data formats, so that you can view and analyze them using other software applications.
[See Chapter 5.]

Data Viewer

The Data Viewer portal comprises three modules: Detector Time Series Viewer, Hemodynamic Image
Viewer, and Data Processing Info Viewer. [See Chapter 6.]

= Detector Time Series Viewer: This allows you to view channel-specific time series (i.e., Source-
Detector pairs), and to edit data (e.g., exclude specific channels that have poor signal-to-noise
ratios or excessive artifact levels) and save the changes. Changes are stored in wavelength-
dependent and hemoglobin-concentration detector-data files created by NAVI, so that the original
imager-generated data files are not overwritten.

= Hemodynamic Image Viewer: This allows you to view 3D images, either as a stack of 2D
sections (you may choose the axial, coronal or sagittal orientation, and switch from one to another

-4 -
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at will), as 3D volume-rendered objects, or as an overlay onto an MR image. Also available are
options for animation of a selected 2D section of a 3D image time series, for changing the
resolution of the image display grid, and for adjusting the display scale.

= Data Processing Info Viewer: This module lets the user examine the information included in the
project-specific datalnfo file.

Data Analyzer

The Data Analyzer portal contains four modules that are used for generation of block-averaged data and
for feature extraction.

Data Generation: This module provides for the generation, viewing and saving of user-defined
block-averaged data (i.e., averages over time intervals that correspond to repetitions of
experimental condition). [See Chapter 7.]

Multivariate Analysis: This module (a user-selected option in the Feature Extraction module)
employs functions to extract information by means of either data-driven or model-based analyses
such as Principal Component Analysis (PCA), Molgedey-Schuster Analysis (MSA), Independent
Component Analysis (ICA), or the General Linear Model (GLM). [See Chapter 8, and note also
that more advanced GLM capabilities are incorporated in the naviSPM utility described in Chapter
11]

Spectral Analysis: This module (a user-selected option in the Feature Extraction module)
employs functions to extract power spectra and related information, using Power Spectral Density,
Cross-Spectral Density, Coherence, and Cross-Correlation methods. [See chapter 8.]

Event Analysis: This module (a user-selected option in the Feature Extraction module) employs
functions to extract event-related features such as Slope (i.e., numerical differentiation), Time-
Delay, and Area under Curve (i.e., numerical integration). [See Chapter 8.]

Utilities

The Utilities portal contains (among other things as described in Chapters 10 and 11) the FEM
Model Generator, which is as a toolbox that provides greater flexibility in designing and testing
novel illumination-detection arrangements, including simultaneous multi-site measurements,
without the overhead associated with generating new FEM models. [See Chapter 9.]
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Data Preparation

Prior to using NAVI for a new project, some simple preliminary steps should be taken. This
section guides you through the setup of your DYNOT- or NIRScout-based experimental data
files and shows you how to select the proper FEM model from the NAVI-based model library
before you start to process the experimental data with NAVI.

Experimental Data Setup
Any measurement using a NIRx imager system produces the following data files:

— filename.wll [i.e., detector readings for wavelength 1 (760 nm)]
— filename.wl2 [i.e., detector reading for wavelength 2 (830nm)]
— filename.set [gain settings table]

— filename.evt [event records]

— filename_config.txt [information regarding experimental configuration]

Generally, filename is defined by the imaging system before the measurement starts, and it employs a
syntax that uniquely identifies the experiment and the date on which the data were collected. The user is
permitted to modify the imager-default value of filename; note, however, that a filename containing a
space, or any other special character besides one or more underscores, will not be accepted by NAVI or
other companion software such as GiD.

Normally, filename.wll and filename.wl2 are the detector data files for the 760 and 830 nm measurement
wavelengths, respectively; filename.set contains the gain settings assigned to all measurement by the
imaging system, based on the detected signal strengths; the optional filename.evt file (i.e., NAVI will
execute properly if this file is empty or absent, but the other four files are essential) contains user-
recorded information associated with the measurement protocol (e.g., starting and/or ending times for
different experimental conditions); and filename_config.txt contains information regarding the
experimental configuration used for data collection (e.g., number of laser diodes, numbers of sources and
detectors, data sampling rate).

Prior to processing an experimental data using NAVI, please do the following:

Step 1: If a NAVI workspace for the data doesn’t already exist, create one on your local hard drive
or on a networked drive. For example, you can create a folder called work as your NAVI’s
workspace, as a subfolder of NAVI2pl.

3 03 NAVIZ2p1
) doc
# () models

# () psrc
= o
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Step 2: Create a folder inside the NAVI workspace for a new project. For example, you can create a

folder called left_motor_cortex as a subfolder of work for your new project.

= 5 NAVIZp1
I doc
=) models
I3 perc
= I3 work

[=R'S]l=ft_motor_cortex

Step 3: Specify a experimental data set, copy all files generated by the imager and paste them into the
project folder. For example, copy all files in the data\left_motor_cortex folder from the NAVI

product CD, and paste them into your computer’s NAVI2p1\work\left_motor_cortex folder.

= ) NAVIZp1 [#]keith .set 10KB SET File
) doc |14] keith..evt 1KB EVTFile
2 models |14] keith. wi1 5,379KB WL1Fie
I5) psre keith.wi2 6,379KB WL2File
= 15 work r;j keith_config. bt 1KE TextDocument
E&] =t _motor_cortex |

FEM Model Setup

NAVI reconstructs an image time series from the normalized multiple-wavelength experimental data
group, using a fast and stable reconstruction algorithm. This is accomplished by using an FEM model that
incorporates information about the source-detector arrangement and the external geometry of the tissue
structure being studied.

Provided on the CD is a basic FEM model library for users engaged in brain research. Currently available
in this library are four models that consider an experimental source-detector geometry having more
measurement channels than NIRX imaging systems presently can accommodate. This allows you to
employ any number of source-detector arrangements for an experiment and to use the FEM toolbox to
generate the corresponding model. The four models can be found in the models/brains folder of the
NAVI product CD:

i) frontal_cortex (comprises a 5x10 optode configuration, enabling use of up to 50 sources and 50
detectors)
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ii) occipital_cortex (comprises a 5x10 optode configuration, enabling use of up to 50 sources and 50
detectors)

iii) left_motor_cortex (comprises a 9x7 optode configuration, enabling use of up to 63 sources and 63
detectors)

iv) right_motor_cortex (comprises a 9x7 optode configuration, enabling use of up to 63 sources and
63 detectors)

Each model in the model library contains an assortment of files, which contain information regarding the
FEM mesh node coordinates, the computed operators for image reconstruction, the surface coordinates of
sources and detectors, surface renderings of the FEM mesh and tissue geometry, MRI brain image
templates and the modelinfo file used for generating new FEM models that correspond to user-specified
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source-detector arrangements. (It is not a cause for concern if there are different numbers of files in
different model folders.)

It is important to select the FEM model that matches the experimental condition for data collection. If the
correct model is not directly available (e.g., the user may decide to use fewer source and/or detector fibers
than the allowable maximum), then a new FEM model must be generated. This can be accomplished
using the FEM Model Generator module in the Utilities portal, if the experimental source-detector
configuration fits within the boundaries of one of the basic models provided. Otherwise, you will need to
inform NIRXx of the intended fiber arrangement, so that their software engineers can create a new FEM
mesh for your application.

You may find it convenient to copy the entire FEM model library to your NAVI workspace. The
following steps will be helpful for establishing a FEM model that corresponds to a particular experimental
setup. For the example given below we use data contained in the NAVI product CD. This considers a
setup containing 25 Sources and 25 Detectors used to record activation of the left motor cortex during a
finger tapping experiment.

Step 1: If the brain library folder is not already present on you computer’s hard drive, then copy it
from the product CD into the NAVI workspace.

Step 2: Find the model that corresponds to your basic experimental setup (i.e., occipital, frontal,
motor). In this example select the Left_Motor_Cortex_9x7 model. As shown above, this model
contains a rectangular array of 63 optodes. Because this is a larger number than was actually used
in the experiment, the model cannot be directly used in processing the experimental data. To
proceed, it is necessary to first use the FEM Model Generator to create a new model that
corresponds to the given experimental setup. Once generated, it is automatically placed in the
directory of the selected basic model. See Chapter 9 for a detailed description on use of the FEM
Model Generator.

= () MAYIZ.0 () Left_Mokar_s25d25 File Folder
) dac boxl4_sdcoords_9x7_new ZKB File
= £ models |#] caords 292KE  FEM File
= (33 Brains |#] det 105KE FEM File
) Frontal_Corkesx I-ﬂTv";’lFEr'-“Ir'-“h:u:IEI TKE IPGFile
SRS )| =ft_Motor_Corbex 97 head_box14_D4T32_gid.msh 946 KB M3SH File
) Left_Makar_s25d425 'F_] head_box14_D04T3Z_gid_modellnfo 208 KE MATLAE MAT-file
) Occipital_Corbesx @head_htlxﬂzl 7EB PG File
) Right_Motor_Corkex_9x7 rnri_nir:z01 16,385 KB DAT File
|#]sd_coards SKE FEM File
B W 253,916 KB FEM File
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Project Initialization

Project initialization is the first step in processing a new project in NAVI. This step creates a unique
datalnfo file and records information regarding details of data collection and FEM model selected for this
project.

To initiate a project, use the Load function in the Image Generator portal by taking the follow steps.

Step 1: Launch NAVI, as described above in the section on Installation.

Step 2: Select the “From File System” option from the pull-down menu next to the Load button.

Load ||Fr|:|m File System ﬂ
datalnfo Fil ?Frn:-rn Filg 2 HELEm
Imager Type: |_|

Note: NAVI has been developed with the goal of providing access to experimental data in
two ways. One is “From File System” and the other is “From Database.” The second option
currently is under construction and will be available at a later date.

Step 3: Select an imager type from the Imager Type: pull-down menu to match the type of
measuring head used during data collection.

Load || Frarm File System ﬂ
| datalnfo File [MAWI-Created) -]
Imager Type: Mone [Pleaze Chooge One) -

Mone [Pleaze Chooze One)

Ereast Imager

Small Animal Imacer
Lirnkr Imager

Infant Imager
FPhartom Imager
Large Animal Imager
Multiite

Step 4: Select the “Configure File (Experimental)” option from the pull-down menu below the
Load button.

Load || Fram File System

datalnfo File [MAMI-Created)
datalnfo File [MAW]-Created

=
=

B atch Proceszing Setting File

-10 -
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Step 5: Click on the Load button to start the process of project initialization:

Load || Frarn File System

Lelle

|D:|nfigure File [E=perimental]

Imager Type: |Brain Imager j

In the first pop-up window that opens, select a file whose name ends in “_config” and having the
file extension “.txt” from the specified project folder, and click on Open to load it:

Pick an Experimental Config File
Look in: |E}Ieﬂ_mntu:ur_cnrtex ﬂ . i Ef-

et confi ot

File name: |ke'rth_-:u:ur|fig.bd
*_corfig bd j m

Files of type:

In the second pop-up window that opens, specify a file having the file extension “.FEM” from the
folder with the selected FEM model, and click on Open to load it:

Input Model File
Look in: | ) Left_Motor_s25d25 e ®m ek E-

[0 coora.ren

|#] det.FEM
B sd_coords.FEM

| ] w.FEM

File name: ||:|:u:|r|:|s.FE|"-"|
Files of type: [ Model Files (* FEM) =l Cancsl

-11 -
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During the project initialization, a progress bar appears to show how generation of the datalnfo file is
proceeding.

J} Progress Bar

Initializing datalnfo file ...

Following this process, NAVI creates a datalnfo file in MATLAB binary format (having the “.mat” file
extension) and a folder called Detectors that contains binary wavelength-dependent raw data files within
the project folder (i.e., exact copies of the content of the imager-generated .wll and .wl2 files, but in a
different file format). The syntax for the newly generated datalnfo file is:

filename_datalnfo.mat

For the example considered here, you would find a file called keith_datalnfo.mat and a folder called
Detectors with the binary files keithb.wl1 and keithb.wl2 in the project folder.

= Iy MAVIZp1 Detectors File Folder
3 doc |5 keith .set 10KB SET File
1) models m keith.evt 1KE EVT File
3 psrc |14] keith.wi 1 6,379KB WL1File
= ) work keith.wi2 6,379KB WL2File
=] [Z] keith_config. bt 1KB TextDocument
I8 | keith_datalnfo | S5KE Microsoft Office Acc..
= ) NavIZpl m keithb.wl1 1,595KB WL1File
D doc keithb.wi2 1,595KB  WL2File
I3 models o
IC3) psrc
B I work
= ) left_motor_cortex
=)

As noted previously, the datalnfo file (the electronic ledger) is unique for a specific project and plays a
key role in applications of NAVI. After the project initialization, the datalnfo file immediately becomes
the only file you need to load during subsequent NAVI sessions for the project. Additionally, as data
processing proceeds, the datalnfo file is continually updated to maintain a record of every analysis
operation that has been performed.

-12 -
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File Management

Introduction

Processing of data sets generated by the DYNOT and NIRScout imagers with NAVI often
generates a large number of files comprising multiple data types. To organize these, NAVI
provides a file manager module, which employs a hierarchical data structure linked to a project-
specific electronic ledger to organize, access, and save the multiple large-scale data types in a
convenient and efficient manner.

Hierarchical Data Organization

Starting from the NAVI’s work directory (workspace) on your computer, the file manager creates
a hierarchical data structure for each project, as shown below. A project is a set of files with a
fixed set of file branches, whose fine structure depends on the analysis steps invoked. The root
workspace is collection of all projects.

NAVI's project derived derived sub- file
workspace folder file folder file folder name

project 1

____________________________________________ [projectl.wil]

...................................................................... [projectl.wi2]
[projectl.set]
[projectl.vit]

---------------------------------------------------------------------- [projectl_config.txt]

---------------------------------------------------------------------- [projectl_datalnfo.mat]

[projectl.wil]
[projectl.wl2]
[f_projectl.NAV]
.................................................. [n_f_projectl.NAV]

[i_n_f_projectl_wll.NAV]
................................................... [i_n_f_projectl_wl2.NAV]
.................................................. [i_n_f_projectl_hboxy.NAV]
--------------------------------------------------- [i_n_f_projectl_hbdred. NAV]

AnalyzedResults

........................... [results1l.mat]

[..-...]

project 2
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Electronic Ledger

Each project has its own unique electronic ledger (the datalnfo file), which contains information
regarding the recorded processing steps. The electronic ledger keeps track of all facets of data
generation, including instrument scanning parameters, FEM mesh details, and selected
parameters used for data filtering, editing, feature extraction, etc. In short, all of the particulars
needed to uniquely define the operations used for all steps of data processing are stored
automatically in an organized and easily accessible format. In future versions of NAVI we plan to
embed elements of the electronic ledger to provide for a searchable metadata database.

Data Types

Listed below are the data types involved in file input and/or output for applications of NAVI
modules:

= Raw detector data

= FEM model

= Preprocessing detector data
= Image data

= Extracted feature data

» Metadata

The raw detector data (see Chapter 1) includes the files for wavelength-dependent detector data,
gain settings, event file and source-detector configuration generated by NIRx imaging systems.
They are the input for the Detector Preprocessing module (see Chapter 3).

The FEM model contains the files for the pre-generated inverse operators, the coordinates of
FEM mesh nodes, and source-detector locations as well, as the grid level library produced by
NAVI. These are required input files for the Image Reconstruction (Chapter 4) and the
Hemodynamic Image Viewer (Chapter 6) modules, as well as other modules built in the Data
Analyzer portal when the “image” data type is selected (Chapter 8).

Output of the Detector Preprocessing module includes frequency-filtered and normalized
wavelength-dependent detector data files. They can be used as input for the Data Export
(Chapter 5) and Detector Time Series Viewer (Chapter 6) modules, as well as for modules built
in the Data Analyzer portal, and the normalized detector data are required input for the Image
Reconstruction module.

Output of the Image Reconstruction module includes files containing values of the position- and
time-dependent multi-wavelength absorption coefficients, and files containing the position- and
time-dependent concentrations of oxygenated and deoxygenated hemoglobin. They can be used
input for the Data Export module, Hemodynamic Image Viewer module, and modules built in the
Data Analyzer portal.
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Extracted feature data are the output for all modules built in the Data Analyzer portal and can be
input for all modules contained in the Data Viewer portal.

File Input

File input in NAVI is straightforward. All that is required is that you load the project-specific
datalnfo file within a selected portal, as shown below. All of the background linkages needed for
data processing are invisible to the user and are performed automatically.

Image Generator

Load || Frarn File System j
|datalnfn:| Filz [M&W1-Created) j

Imager Type: |N|:une [Fleaze Chooze One) ﬂ

Data Viewer Data Analyzer

Load datalnfo | |From File: System j Load datalnfo |Frc.m File System ﬂ

File Output

Depending on the process you select, NAVI will produce one of four types of result files, each
directed to a process-specific location in the hierarchical data structure.

= Results produced by detector preprocessing
= Results produced by image reconstruction
= Results produced by data analysis

= Results produced by file format conversion

Results produced by detector preprocessing

Successful application of the Detector Preprocessing module produces a filtered detector dataset,
filtered-normalized detector dataset, and an update to the electronic ledger. These files are saved
in MATLAB format and are stored in the NAVI file structure using names defined by the
predefined file syntax.
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After Detector Preprocessing, you can find a subfolder named Detectors in the working project
folder. Inside the Detectors subfolder are two output files with the following filename syntax:

f [raw data file name without extension].NAV  [for filtered data]

n_f [raw data file name without extension].NAV [for normalized data]

Results produced by image reconstruction

Successful application of Image Reconstruction produces the wavelength-dependent absorption
coefficient image time series, the oxygenated and deoxygenated hemoglobin image time series,
and an update to the electronic ledger. NAVI automatically saves these files in MATLAB format
and similarly places them into the file structure tree of the working project using file names
defined by the predefined file syntax.

The following files are generated by this procedure and stored in a subdirectory called Images,
which NAVI creates (if it does not already exist) in the working project folder:

i_n_f_[raw data file name prefix]_wl1.NAV [wavelength-based]
i_n_f [raw data file name prefix]_wl2.NAV [wavelength-based]
i_n_f [raw data file name prefix]_hboxy.NAV [oxygenated hemoglobin]

i_n_f [raw data file name prefix]_hbred.NAV [deoxygenated hemoglobin]

Results produced by data analysis

For any function belonging to the Data Analyzer portal, selection of the Save option while
specifying values for user-controlled parameters will have the result that all processing
information associated with the selected functions will be recorded in the project’s datainfo file,
while the results generated by the analysis will be saved in MATLAB binary-format files, with
file names matching the predefined file syntax.

Repeated use of a selected operation will produce a series of files identified in accordance with
the name of the selected function, and numbered sequentially. For instance:

projectl\AnalysisResults\PCA\

— Resultsl.mat
— Results2.mat

— Results3.mat
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Results produced by data export

NAVI provides a Data Export module that allows you to export NAVI-based detector and image
data, in several different formats. The available formats make it possible for you to edit, view and
analyze the exported data with other software packages, such as AFNI, SPM, or GiD. Please see
Chapter 5: Data Export to learn more about use of that module.
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Detector Preprocessing

Introduction

The Detector Preprocessing module in the Image Generator portal performs important data
conditioning operations that precede image reconstruction.

. Detector Preprocesssing
Detector Preprocessing |

GUI, as it appears
prior to clicking on Set
Parameters r |Low Pass =l

Set Parameters |

The Detector Preprocessing GUI is composed of the following components:

= A pull-down menu for specifying the type of frequency filter
» The Set Parameters button

= The Run button

= The Filter Data checkbox

» The Normalize Data checkbox
This module includes the following operations:

= Optional frequency filtering. This serves to exclude frequency components that are present in
the raw data but that lie outside a user-defined frequency band of interest.

= |dentification of useable channels. This operation excludes measurement channels that are
excessively noisy, have DC offsets that are too low, or have an excessive tendency to drift, by
comparing the temporal variance during a user-specified baseline period (i.e., a time interval
in which data values should be relatively constant) to the temporal mean value.

= Normalization of the filtered-data time series. This compensates for signal variations
attributable to differences among channels’ gain settings and for features in the detector time
series that arise from nonphysiological causes, such as fluctuations in the power delivered by
the NIR lasers.

= Saving of the results.




NAVI User’s Guide Detector Preprocessing

Setting Parameters

Take the following steps to complete parameter setting for detector preprocessing.

First, specify a frequency filtering type from the pull-down menu, as shown in the accompanying
figures. For example, select “Band Pass” filtering for the specified data.

Detector Preprocesssing Detector Preprocessing
Set Parameters | | Set Parameters |
=>
|L|:|w Paszs j | |Ban|:| Paszs j
Low Pazs
High Paz=
Ma Filkering

Next, click on the Set Parameters button to open a new GUI, which contains four panels that show you
the default values of control parameters and allows you to modify them. The four panels are labeled
Frequency Filtering, Coefficient of variation (CV), Detrend the Raw Data before
Normalization?, and Normalization. Shown here is the default GUI associated with the Band Pass
filtering option.

o | x|
Set Parameters for Detector Preprocessing
Frequency Filtering
Sampling Rate (Hz): [ 215 | Low Cutoff Freguency (Hz): | DIs
Width of Roll Off [[1515] | %  High Cutoff Frequency (Hz): | 05
Coefficient of Variation {CV)
Baseline Specification: CW Threshald:
[1 628] [fames v | x| %
Reset | View CV Histogram |
Detrend the Raw Data before Normalization?
&) Mo () Yes
Normalization
Baseline Specification: Mormalized To:
[1 623] ;?frames v é.l:\Jane v/
Reset
|  save&Exit | Exit without Saving
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Frequency Filtering

= Sampling Rate (Hz): This parameter is the number of tomographic data sets collected per
second. For a given NIRx imaging system, the sampling rate is a constant unless the user
increases or decreases the number of source locations for the measurement protocol. NAVI
gets the default value for the sampling rate from the _config.txt file produced by the imaging
system during the data collection.

= Cutoff Frequency (Hz): These parameters specify the frequency range that is retained (or
passed) for all subsequent stages of data processing and analysis. The number of user-supplied
cutoff frequencies, and their meaning, depends on the type of filter selected.

o If you select a low-pass filter, frequencies higher than the (single) specified cutoff will be
removed (or stopped) from the data. Low-pass filters commonly are used as data
smoothers. The default value for the cutoff frequency is 0.15 Hz.

o If you select a high-pass filter, frequencies lower than the (single) specified cutoff will be
removed from the data. High-pass filters are useful for (among other purposes) detrending
data time series that show tendency to slowly drift over time. The default value for the
cutoff frequency is 0.5 Hz.

o If you select a band-pass filter, you will need to specify two cutoff frequencies (default
values are 0.15 Hz and 0.5 Hz). NAVI will retain all frequencies that lie within the range
(or passband) defined by the lower and upper cutoffs, and will remove frequencies that
are either smaller than the low cutoff or greater than the high cutoff.

= Width of Roll off: The figure below illustrates “ideal” low-pass, high-pass and band-pass filter
response functions; note that they are step-functions, and the percentage of signal that is
passes is either 0 or 100, switching instantly from one to the other at the cutoff frequencies.
However, it turns out that frequency-response functions of this type are not ideal in terms of

Low-Pass Filter High-Pass Filter Band-Pass Filter

100 100 1 100

80 80 80

60 60 60

40 40 40

20 20 20

% of Signal Passed
% of Signal Passed
% of Signal Passed

0 0 0

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Frequency [Hz] Frequency [Hz] Frequency [Hz]

the behavior of the filtered data in the vicinity of rapid transitions in the measured signal. An

illustration of the phenomenology that can result is shown in the following figure, where the

blue curve is a simulation of data obtained from an experiment wherein the subject performed
1.2 T
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0.81
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a task that induced a hemodynamic response, starting at about the 44™ second and ending at
about the 82" second. The red curve shows the result obtained when a low-pass filter having
a filter-response function like that depicted above is applied. The slowly decaying large-
amplitude oscillations that straddle the transitions between low and high signal levels are an
artifact known as “ringing.” An effective method for reducing the magnitude of the artifact is
to use a filter whose frequency response function, as for the green curve in the figure shown

Low-Pass Filter

100+

40+

% of Signal Passed

035 04 045

L L L
02 025 03
Frequency [Hz]

0.5

Width of
roll off

here, changes gradually from passing 100% of the signal to passing 0%. The gradual
transition is called “roll off,” and the “width of roll off” is the distance along the frequency
axis over which the percent of signal passed changes from 0% to 100% (in the illustrated
example, the width is 0.075 Hz). Comparing the red (Width of roll off = 0) and green (Width
of roll off = 50%) curves in the following figure shows that the oscillations decay substantially
faster when a gradually changing frequency response function is used.

[> . l.j | w'”‘ Wmllﬁldliimw "

f m]-‘ Mh ﬂlm A/\WWM [n"l x'\ é::\ . ;

WV W W[ u“ W | ; odf \\\\ |
I T O%wwlirwf%@ M%mﬁu Tl‘j"ﬁ

— e - ——

60 80
Time (s)

In the NAVI Frequency Filtering panel, you will specify a width for the transition in the

frequency response function. The unit for this parameter is percentage of the cutoff frequency,

with a default value of 15%. If you have selected a filter of the Band Pass type, you will need

to specify two roll-off widths (they do not have to be equal to each other), the first for the low-

frequency cutoff and the second for the high—frequency cutoff.
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The following figures show the default setting values of Cutoff Frequency and Width of Roll off
for the different available filter types.

Frequency Filtering

Low Pass Filter Sampling Rate (Hz) 215 Low Cutoff Freguency (Hz): 015

‘Width of Roll Off: 15 %

Frequency Filtering
High Pass Filter Sampling Rate (Hz) 215

‘Width of Roll Off: 15 % High Cutoff Frequency (Hz): 05

) Frequency Filtering
Band Pass Filter
Sampling Rate (Hz) 215 Laow Cutoff Freguency (Hz): 015

Width of Roll Off [1518] % High Cutoff Frequency (Hz): 05

Frequency Filtering

NO FI Itel’ Sampling Rate (Hz): 215

Coefficient of Variation (CV)

For any data time series, one can compute a mean value and a standard deviation. The CV is defined
as the ratio of the standard deviation to the mean, multiplied by 100 in order to express the result in
percentage-point units. If the time interval used for the CV computation is one in which the subject is
at rest, not performing any tasks and with no stimulus applied, then we would expect that the data
recorded in any given measurement channel would have a nearly constant value, i.e., that the CV
should be a small number. If a large CV is obtained in practice, this could indicate that there was a
problem with the data from that channel (e.g., a low signal-to-noise ratio, or an uncorrected slow drift
in the detector), and the user may wish to exclude that channel from subsequent image reconstruction
and feature extraction computations. NAVI offers the user the option of automatically excluding all
channels with CV values exceeding a user-specified threshold value.

Baseline Specification: For each set of measurement data you will be asked to designate a “baseline”
time interval for the CV computation. The specified baseline may be as brief as a few consecutive
measurement frames, or it may include the entire time range for the specified data set (this is NAVI’s
default value). However, the premise that each channel’s CV should be close to zero is true only for
the intervals in which the data are not expected to vary over an appreciable range. Thus the small-CV
assumption is invalid for intervals in which a subject is performing a task or is responding to a
stimulus. The user should always take care to select a suitable time interval for the CV baseline.
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Use the pull-down menu to select either seconds or (measurement) frames as the time unit in which
you wish to specify the CV baseline. Next, enter the starting and ending times of your preferred CV
baseline in the text field next to the pull-down menu. You may press the Reset button to cancel any
values entered in the previous two fields and restore the defaults. The following figures illustrate the
use of these three components.

Coefficient of Variation (CV)

Baseline Specification: C% Threshold:
The default values for EE T T m %
all three components. i :

Reset Yiew CVY Histogram |

|

Coefficient of Variation {CV)

Change the time unit Baseline Specification: C Threshold:
to seconds by using | 0297 Jseconds < .
the pu” dlwn menu. Reset View C¥ Histogram
Coefficient of Variation (CV)
SpeCify the CV baseline Baseline Specification: C+ Threshald:
0 be [0 25] seconds. \
t | 02  [seconds v 25 %
l Reset View CV¥ Histogram
Change the time unit to Coefficient of Variation (CV)
frames, which allows
CW Threshaold:

Baseline Specification:

you to see what the

specified baseline is in | 05 [rames ] 25___ [
frameS l Reset View CV Histogram |

. Coefficient of Variation (CV)
Click the Reset button

to return to the default Baseline Specification: CY Threshold:
value for the CV | 0&8  fremes < .
basellne Reset View CV Histogram |

CV Threshold: This parameter is used to exclude data channels that are excessively noisy. The value
entered serves as the upper limit for acceptable computed CV values. Data from channels that have
CVs higher than the threshold (or less than zero) are excluded from subsequent processing. For help
in selecting a proper threshold, clicking on the View CV Histogram button to open a new window
that will show you histograms of the CVs for both measurement wavelengths. This will allow you to
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estimate the number of channels that will be excluded, for any particular choice of the CV Threshold
parameter.

Detrend Raw Data before Normalization

The Detrend the Raw Data Before Normalization? panel gives you the option of applying an
additional detrending operation, based on the use of interpolating polynomials as described below, to
the raw data sets before the final normalization steps are carried out. The default selection is “No”. If
you do want to apply the polynomial detrending, then click the “Yes” radio button to bring up the
dialog window shown in the following figure. As illustrated here, there are three text fields in which
you will specify values of parameters that NAVI uses to calculate the polynomials that approximate
the long-term trends for each channel.

+) Set Parameters for Detren - O] =|

Specify a Degree Mumber
fia

Specify a Time Segment Mumber:

Specify Time Segments (frames)

[1:54]
Ok I Cancell

Enter a single number (positive integer) in the Specify a Degree Number field; this parameter
is the degree of the polynomial (i.e., exponent of the highest-order term) used to fit the raw data time
series. A second positive integer is entered in the Specify a Time Segment Number field; this is the
number of distinct sub-intervals of contiguous measurement frames that the interpolating polynomial
will attempt to fit (typically the user will fit the polynomial to the time intervals in which the subject
was at rest, and will skip over intervening time intervals that correspond to performance of a task or
application of a stimulus). In the Specify Time Segments field, enter the starting and ending times for
each of the sub-intervals that the interpolating polynomials will attempt to fit. (The time unit is frames
in the example shown here, but the unit will be seconds if you specify seconds as the time unit for the
CV and normalization computations in the parent GUI.) Click the “OK” button on the dialog window
to finalize your selection of detrending parameters.

A GUI to assist users in the selection of detrending parameter values, previewing the results obtained
for a proposed set of user-specified paramters, is still under construction at this time.

Normalization

Usually it is not meaningful to quantitatively compare the raw data values from different measurement
channels, for a number of reasons: the signals recorded in different channels are amplified with
different gain factors, and the absolute signal level is a function of several variable optical coupling
efficiency factors (e.g., coupling at the interfaces between laser and source optical fiber, source and
detector optical fibers and the subject’s skin, and between detector optical fiber and photodiode). As
an alternative to carrying out laborious calibration steps, the raw data values are converted to
dimensionless relative detector readings, by computing the ratio of the each measurement frame’s raw
data to the average value of the raw data within a user-specified reference time interval.

-7-



NAVI User’s Guide Detector Preprocessing

In addition to the preceding considerations, when processing optical time series data it is important to:
1) somehow keep track of power fluctuations in the light source, in order to avoid artifacts that can
result from misattributing these variations in measured signal levels to biological phenomena; 2) not
allow signal fluctuations of uninteresting biological origin (e.g., global variations in blood pressure,
changes in superficial circulation) to overwhelm the (typically deeper and more localized) fluctuations
of interest. In order to minimize the impact of these factors, NAVI implements normalization
operations that involve comparing each channel to others in its vicinity.

Baseline Specification: This aspect of the Normalization panel refers to the within-channel
referencing described at the bottom of p. 7. For each set of measurement data you are asked to
designate a “baseline” time interval, which can be any contiguous set of measurement frames that you
wish to use as the reference for comparison to other measurement sub-intervals. Most commonly, the
user selects a time interval in which the subject is at rest, not performing any tasks and with no
stimulus applied, as the baseline. However, the specified baseline may be as brief as a few
consecutive measurement frames, or it may include the entire time range for the specified data set (this
is NAVI’s default value). Also, typically the same values are used here as in the CV module, but this
is not obligatory.

Use the pull-down menu to select either seconds or (measurement) frames as the time unit in which
you wish to specify the normalization baseline. Next, enter the starting and ending times of your
preferred normalization baseline in the text field next to the pull-down menu. You may press the
Reset button to cancel any values entered in the previous two fields and restore the defaults.

Normalized To: This aspect of the Normalization panel refers to the between-channel referencing
described at the top of p. 8. Use the pull-down menu to specify the type of the reference channels used
for detector data normalization. There are five options available in the pull-down menu shown in the
following.

Normalization

Baseline Specification: Maormalized To:
[_.1 1Db]. (frames “ [Mane "
Reset Optical References

COne Optical Reference

Co-Located S/D Channel K
Regression
Maone

— Optical References: If you are using a DYNOT system that provides a distinct optical
reference time series (i.e., a direct measurement of the time-varying laser output, made in
synchrony with the DYNOT experiment) for each source location, you can choose this
option.

— One Optical Reference: If you are using a DYNOT system that provides a single optical
reference time series, rather than a separate one for each source location, you can choose
the option.

— Co-located S/D channel: In many DYNOT systems, for each source location there is a
co-located detector channel. Normally, most of the light detected by the co-located
channels does not penetrate to tissue deeper than the skin. Thus these channels contain
little relevant physiological information regarding deep tissue processes. However, they
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do contain useful information about the temporal variations in light levels that are either of
nonbiological origin or are caused by uninteresting biological events.

— Regression: For each channel, it is reasonable to expect that the measurement contains a
contribution from the common superficial/global signal. You can choose the option to
remove it by use of regression. The option provides you with three ways to derive the
superficial regressor: 1) from all co-located measurements, and only from these; 2) from
all first-nearest-channel measurements, and only from these [this is an appropriate option
for users of NIRScout imagers]; 3) both (1) and (2).

— None: Select this option if you do not want to perform a between-channel normalization
step. It means that there is not any reference channel used for detector data normalization.
This option is the default setting for data normalization.

The following figure shows the final parameter settings that have been used in the processing of data
sets illustrated in this manual.

J | Set Parameters for Detector Preprocessing

Set Parameters for Detector Preprocessing

Frequency Filtering
Sampling Rate (Hz): 215 Low Cutoff Frequency (Hz): n.oz
0.3

Wiclth of Roll Off: [1518] % High Cutoff Frequency (Hz):

Coefficient of Variation (CV)

Baseline Specification: Y Threshold:
| [0 28] |Secunds j 25 %
Reset Yiew CVY Histogram |

Detrend the Raw Data before Normalization?

* No " Yes

Normalization

Baseline Specification: Maormalized Tao:
[0 28] seconds |CD—Located S/D Channelj
Reset

Save & Exit | Exit without Saving |

When you choose the regression option in the pull-down menu, two radio buttons appear below the
pull-down window, as shown in the following figure:
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Baseline Specification:

|11 100

| frames

Reset

Mormalization

|

Maormalized To;

sion

Regressor from: () Co-located channels
(%) Nearest chanhels

You can click on one or both of the radio buttons, in order to specify which of the three methods,

described on p. 9, that you want to use for generating the regressor.

If you choose a method that

involves use of the ‘Nearest channels’ measurements, clicking the Save & Exit button will bring up a
new GUI titled ‘Set Nearest Detectors’. The GUI, as in the example shown in the figure below, allows
you to graphically specify the nearest detectors for each source.

-} xySetNearestDs

Set

m): Anterior -= Posterior

Viewing: [xy pisne ¥

@ >3 @& @
2 @ @ ® ®@ |
® ® @ @ 2@ |
@ © ®© 9 |
® ® 00 D |
= * X(crlﬂ;;: RightjfLeﬁ : . “
Source:| 1 | ‘] | .

The GUI contains the following components:

The Set button

-10 -
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= The Clear button

»= The Save & Close button

= The Close button

= A figure depicting the FEM model that was selected when the datalnfo file was initialized

= A graphics panel that displays the arrangement of all detectors and of one source

= Atext field that indicates which source is currently depicted along with all of the detectors
= Aslider for selecting the source that you wish to display along with all of the detectors

= A pull-down menu for specifying the view orientation of the detector array

The following figure shows an example of how to specify the detectors that are nearest a given source.
In this example the user is indicating which detectors are nearest to Source 6 (filled pink circle), and
he has already specified three of them (filled blue circles). To specify the fourth one, click on the Set
button, move the crosshairs until they are centered on the position of Detector 8, then press the
primary mouse button to select it as another nearest neighbor of Source 6. You will need to press the
Set button each time that you want to select another detector. If you subsequently decide that an
incorrect detector was selected, you can delete your most recent choice by clicking on the Clear
button. (Repeatedly clicking on Clear deletes the detectors in the order opposite to that in which they
were assigned.) When you are finished specifying the nearest neighbors of the current source, move
the slider position to either proceed to another source or to review the selections you have already
made.

-} xySetNearestDs

Viewing: ;x-y plane v |
™ | A il
T T T

=
15.5| i
2 (24 @

X(cm): Rlight -> Left

150 @ .
_ tasf .
2 a9 @ e®
o
L} o1sp i .
A £ 3f .
‘Y SN = »
Lo 5 s 125} W © O ©® Y
12} .
115 © P @ ©
1| .
15 16 17 | 18 19 20 21

Close Source:| & | . [ '
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If you have previously selected the nearest-neighbor channels for the FEM model that you are using,
clicking the Save & Exit button (in the parent GUI) will bring up the GUI shown here, which asks if
you wish to either repeat the selection process or review your previous nearest-detector settings.

-) ResetView01

Nearest detector settings have been done.
Do you want to re-set or view the nearest detectors?

O Yes ® No

Exit without Saving

Pressing the Exit without Saving button in the Set parameters for Detector Preprocessing GUI closes
that GUI without any of the parameter settings you made taking effect. Thus there is no impact on the

working data set.
Save and Exit
After all preprocessing parameters are set, click on the Save and Exit button to:

O Close the Set Parameters GUI
O Save the newly specified parameters into a temporal file located in the NAVI working folder.

O Enable the Run button with the Filter Data and Normalize Data checkboxes checked.

Detector Preprocessing

GUI for Detector Run | Set Parameters |
Preprocessing after
parameters setting W Filter Data.  |Band Pass -]

v Maormalize Data

Starting Detector Preprocessing

Click the Run button to start the following operations:

-12 -
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Detector Preprocessing

=

Frequency-filter the wavelength-dependent raw data sets.

Perform CV calculation on all data time series, and label the channels with CVs exceeding the

specified threshold (or negative CVs) to exclude them from subsequent processing steps.

c ¢

Normalize the filtered wavelength-dependent detector data.

and save both the filtered and filtered-and-normalized data.

Update the datalnfo file with all pertinent information related to the detector preprocessing,

During the detector preprocessing, progress bars appear to show how calculations are proceeding.

Freprocessing = Filtering ..

Result Output

Successful application of Detector Preprocessing produces a filtered detector dataset and a
filtered-and-normalized detector dataset in its corresponding Detectors folder, as well as an

r

) Progress Bar,

Mormalizing ..

update of the electronic ledger (datalnfo file) in its corresponding project folder.

The following tree structure shows the files and folders created or modified by the

preprocessing computations, for the data set used in this user’s guide.

= ) MAVIZp1 IChDetectars File Folder
£ doc || keith set 10KB SET File
) models |i#] keith.evt 1KE EVT File
3 psrc |14 keith.wi1 6,379KE WL1Fie
= [ work k.Eiﬁ‘l.W|2 6,379 KB WLZFile
= _;l Izj keith_config. twt 1KB Text Document
I5) Detectors E|=:| keith_datalnfo 79 KB Microsoft Office Acc...
= ) NAVIZD1 =) f_keith.NAY 3,190KE MAV File
) dac |14] keithb.wi 1 1,505KE WL1File
I2) models keithb. w2 1,595KB WL2File
) psre B n_f_keith.Mav 6,133KB MAV File
= [ work
= [ left_motor_cortex
=
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Image Reconstruction

Introduction

The Image Reconstruction module of the Image Generator portal performs what is perhaps the
most central role in NAVI: reconstructing image time series from the normalized data produced by
the preprocessing utility (see Detector Preprocessing, Chapter 3). The image-reconstruction
module uses linear perturbation-based algorithms to estimate the spatial distributions of
wavelength-dependent absorption and scattering coefficients. It also employs the pre-stored FEM
model library to accelerate its performance. Subsequently, a second linear transformation converts
the wavelength-based absorption-coefficient images into time series of hemodynamic images (i.e.,
oxy-Hb, deoxy-Hb, tissue blood volume, HbO, saturation). Using the Image Reconstruction
module, you can reconstruct thousands of images in only a few minutes.

The Run button (not enabled until the The Set Parameters button
Set Parameters step is completed) is is used to initialize or

used to perform Image Reconstruction specify values for optional
parameters.

GUI for Image Image Reconstruction /
Reconstruction, as it

appears prior to Set Parameters |
specification of
control parameters

-

The GUI for Image Reconstruction has the following components:
» The Set Parameters button

= The Run button
= The Reconstruct Image checkbox

Setting Parameters

Setting parameters is the first step you need to take in order to perform Image Reconstruction.

Click the Set Parameters button in the Image Reconstruction module to open a new window that
will allow you to either accept or change the default settings.
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o]
Set Parameters for Image Reconstruction
Options for TSVD Time Range Speacification
I 1] I% Cumulstive Singular Walues j I [1 B28] Iframes d
View SV Spectrum | Reset |
Save & Exit Exit without Saving |

Options for TSVD

Truncated singular value decomposition (TSVD) is the numerical algorithm that NAVI uses to
compute images of absorption and diffusion coefficients. A complete (i.e., not truncated) SVD
computation would make use of all the information in the normalized detector data and in the FEM
model. The result, however, would be uninterpretable images dominated by the random
fluctuations, or noise, that inevitably is present in measurement data. It turns out that the effect of
noise can be greatly diminished by truncating, which means leaving out those components of the
model that are responsible for attempting to recover fine details (i.e., high spatial resolution) of the
image.

The user-specified truncation parameter is a cutoff value that determines how many singular values
will be retained. The three components are a text field in which you enter a value for the truncation
parameter, a pull-down menu used to select the units for the truncation parameter, and a View SV
Spectrum button:

Dptions for TSWD

I g3 I% Cumulative Singular Yalues j

%% Cumulstive Singular Yalues

Retained Singular Yalue Mumber

View SV Spectrum |
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Currently, there is no simple, automatable procedure for choosing the optimal value of the
truncation parameter for a given experimental data set. Setting the truncation parameter too high
produces images that are noise-dominated, while setting it too low results in loss of spatial
resolution or possibly even more severe distortions (e.g., all hemodynamic information may be
forced into superficial regions of the image). Pressing the View SV Spectrum button launches a
tool that can assist you in selecting an appropriate value for the truncation parameter.

Click on the View SV Spectrum to opens a pop-up window displaying a pair of graphs, as shown
here:

<)} Summary of input information for reconstruction: i =]
File Edit Miew Insert Tools Deskbop ‘Window Help u
NG de B RATDEL-(C|0E =D
singular Yalues of Weight Matrix Wi, and rank(W)=298
1I:I T T T T T
e
=
< o .
=
=
=
v 10F -
=
=
= I
_ED 1 1 1 1 1
100 200 300 400 S00 GO0
= Total Channel: =625 Good Channel: =596 FEM MNodes: 25460
L3 100 ; — : — = . —
b=
ok}
fan)
(L4
I=
at
S A0 .
(o
ak}
=
=
=
g D 1 1 1 1 1
S ] 100 200 300 A00 S00 GO0
98% of cumulative S ws. the fir st B0 = ngular values

The top subfigure is a line graph representation of all the singular values for the image-
reconstruction weight matrix, in order of decreasing magnitude (notice that they range over many
orders of magnitude, necessitating use a logarithmic y-axis scale). The lower subfigure is a plot of
the cumulative percenta%e of the singular values. The graphs convey the same information in two
different ways: if the n"" singular value is x,, then the corresponding cumulative percentage

isy, =100>"" x, /ZiNzlxi . The horizontal red line in the lower plot shows the numerical value

currently entered in the “‘Options for TSVD’ text field, which is the default 98% for the example
shown. The vertical red line, which passes through the intersection of the horizontal red line and
the blue cumulative percentage curve, shows the number of SVs that corresponds to the specified
cumulative percentage. In this example, you thus learn that 60 SVs must remain [out of a
maximum of 625 (25 sources x 25 detectors)] to reach the 98% mark. Note that the total number
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of data channels, the number that survive the CV threshold computation described in Chap. 3, the
number of weight matrix nodes, and the number of SVs retained are clearly indicated in the pop-up
window (yellow circles in preceding figure).

After you have decided how many singular values to retain for the image reconstruction
computations, enter the selected number in the ‘Options for TSVD’ text field. You may specify
either the specific number of singular values you want to retain or the corresponding cumulative
percentage of summed singular values, by selecting the appropriate option from the ‘Options for
TSVD’ pull-down menu.

Through extensive empirical testing, we have found the quality of reconstructed images usually is
good when the value selected for ‘% Cumulative Singular Values’ is 98 (the default setting).
However, the number that works best for a particular experimental data set may be lower than this
if the data time series have high noise levels, or higher if only a few SVs are needed to achieve
98%.

Time Range Specification

This allows you to specify the time interval for which you want to generate reconstructed images.
Its default value is the entire range of the user-specified data set, in units of measurement frames.
Similar to the panel used to specify baseline time intervals for detector preprocessing (Chap. 3),
‘Time Range Specification’ allows you to specify the time interval of interest in units of either
frames or seconds, by selecting an option from the pull-down menu.

Press the Reset button to restore the default time range setting.

Note that, owing to the speed of the image reconstruction computation, usually there is little to be
gained from selecting only a sub-interval of the entire time range for image reconstruction.
However, the option of doing so is available.

Time Range Specification

| [ 628] frames v

Reset |

Exit without Saving

Pressing the Exit without Saving button in the Set Parameters for Image Reconstruction GUI
closes that GUI without any of the parameter settings you made taking effect. Thus there is no
impact on the working data set.
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Save and Exit

After all image reconstruction parameters are set, click on the Save & Exit button to:

O Close the Set Parameters GUI.
O Save the newly specified parameters into a file located in the NAVI working folder.

O Enable the Run button, with the ‘Reconstruct Image’ checkbox checked.

Image Reconstruction
GUI for Image

Reconstruction, Run Set Parameters
after parameters are
set. W Eeconstructlmage

Starting Image Reconstruction

Click the Run button to start the following sequence of operations:

O Compute the wavelength-dependent optical coefficient images.
O Calculate the hemodynamic images.

O Save results.

During the process, progress bars appear to show how calculations are proceeding.

r

) Progress Bar

Feconstructing ...

Result Output

Successful application of Image Reconstruction produces two wavelength-dependent optical
absorption coefficient image time series and two hemodynamic image time series (oxyHb and
deoxyHDb) in the corresponding Images folder, as well as an update to the electronic ledger

(datalnfo file) in its corresponding project folder.

-5-
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The following tree structure shows the files and folders created or modified by the Image
Reconstruction computations, for the experimental data set used in this user’s guide.

B ) NAVIZp1 |CiDetectors File Folder
1= doc IChImages File Folder
5) models |5 keith .set 10KE SETFile
I5) psre |i4] keith. evt 1KB EVTFile
= 3 work |14] keith. wi1 6,379KB WL1File
El& et motor_cortex IIETERE 6,379KB WL2 File
[ Detectors E] keith_config. txt 1KE Text Document
I Images Ej keith_datalnfo 252 KB Microsoft Office Acc...
= ) Navizpl [=i_n_f_keith_hbaxy.NAV 13,395KB  MAV File
) doc [&=i_n_f keith_hbred.NAY 13,395KB  NAV File
I models [=i_n_f _keith_wi1.NAV 13,395KB MAV File
) psre i_n_F_kEim_wIE.NA'u' 13,395KB MAVY File
= 2 work
= ) left_motor_cortex
|5 Detectars
=] 1mages |
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Appendix 1 — Image Reconstruction Strategy

Perturbation Equation

When you use a DYNOT or NIRScout imager to perform an fNIRS measurement, you record data
from a number of distinct “channels,” (tens to hundreds, in almost all cases), where a channel is
defined by specifying a particular pairing of source and detector optodes, as illustrated in Figure
Al.l

Channel A

Channel B

Figure Al.l. A measurement
channel comprises a source
optode and a detector optode. In
a multi-optode measurement there
are many channels, each of which
is defined by specifying a pairing
of source and detector optodes.

Clearly there are many factors that determine the light intensity recorded by a channel. These
include the:

e distance between the source and detector optodes constituting a channel,;

e location of the optodes on the scalp or other external tissue surface (e.g., Channel A and
Channel B in Fig. Al.1 can record different light intensities at the same time, even though
they have the same inter-optode distance);

e relevant optical coupling efficiencies (e.g., of all the light that is emitted by the source
optode, what percentage actually penetrates into the tissue?);

e brightness of the light source;

e position-dependent absorption and scattering coefficients of the tissue.

Note that the final item listed is the one that you are trying to learn about by performing the fNIRS
measurement. As for the others: if the measuring head is properly positioned on the tissue structure
of interest, then the first three will not vary to any significant degree during the course of the
measurement; and NAVI provides tools (see Normalization section in Chap. 3: Detector
Preprocessing) to compensate for fluctuations in the source light intensity.

We can summarize the preceding enumeration of factors that influence the detected light
intensity as follows:

R(t)=f [Sc(t),rso,rdo,{51,52,...} ,,ua(r,t),ys(r,t)],

where:

(1)
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Rc(t) = time-varying recorded light intensity,

Sc(t)  =time-varying light-source strength,

I'so = location of the source optode,

T'do = location of the detector optode,

&, etc. = optical coupling efficiencies,

a(r,;t) = position- and time-dependent tissue absorption coefficient,
(r,t) = position- and time-dependent tissue scattering coefficient.

(The inter-optode distance rgy does not need to appear explicitly in Eq. ( 1), because rg = |[|rso —
rooll.) EQ. (1) tells us that there is some mathematical function f[...]—whose functional form we
are not yet specifying—that deterministically relates the information inside the brackets on the
right-hand side to the time-varying detected light signal on the left-hand side. The goal of image
reconstruction is to compute the values u,(r,t) and/or s(r,t) from the measured values of R.(t).

All right then, what is the functional form of the mysterious f[...]? The answer is that in the
great majority of cases, we just don’t know (and neither does anyone else). There are some very
special cases—one example is if the object being imaged is a perfect sphere, and the z, and
coefficients are spatially uniform—for which it is possible to determine the mathematical form of
f[...]. However, the biological imaging studies that you will be involved in are not included in this
category; for these real-world cases, the mathematical form of f[...] cannot be determined.
Fortunately, there is a highly successful data analysis strategy that we can bring to bear for solving
these image-reconstruction problems.

Our initial step is to recognize that, over the entire range of light-source strengths that you
will ever consider using, R.(t) is absolutely linear with respect to S.(t). This means that if the
source becomes, say, 20% brighter, then the detected light signal will also increase by precisely
20%. And if the source grows, say, 10% dimmer, the detected light signal will decrease by
precisely 10%. A consequence of this linear relation is that we can simplify Eq. ( 1), changing it to

RA(t) = S(1)- 0 K or {21, 200-- (1,1, (1) ], (2)
where S¢(t)-g[...] =f[...]- A rearrangement of Eq. ( 2) gives us
R(t)
=0 Ny X1 1E1r e (o Mg 15 1), 21 ( X, T) |,
) Ot anln) )] (3
=RI(1)
where R'(t) is the detected light signal normalized to the light source strength.

To continue, we recognize that each of the time-varying quantities in Eq. ( 3) can be
expressed as the sum of two quantities: a time-invariant average value plus a time-dependent
fluctuation about that average. Mathematically, this means that we can transform Eq. ( 3) to

RE+AR!(1) = 0 i Too {600 8510 b 24 (1) + Aaty(1,), 21 (F) + A (1,1) | (4)

where “ X stands for the time-averaged value of x and *Ax(t)’ is the symbol for the temporal
fluctuations of x. Now, even though we don’t know the precise functional form of g[...], there are
some facts that can be asserted incontrovertibly, based on our knowledge of light propagation
physics and the composition of biological tissue. One such fact is that we can expect that AR',(t)
will be a smooth, continuous function of Azs(r,t) and Au(r,t), as illustrated by the left-hand plot in

-8-
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Figure A1.2, and will not exhibit the kinds of phenomena seen in the right-hand plot. An important
practical consequence is that, even if we don’t know the functional form of g[...], we do know that
it can be written as a converging infinite series:*

0

Normalized detected light
signal (arbitrary units)

Normalized detected light
signal (arbitrary units)

[}
L L L L

KN
o

) A AN I |
0.03 0.06 0.09 0.12 0.15 0.18 0.21

A T S T T N R I
0.03 0.06 0.09 0.12 0.15 0.18 0.21
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o®

o T
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o
QT
o

Figure A1.2. In fNIRS tissue measurements, the magnitude of the detected light signal in a smooth

continuous function of the absorption coefficient (varying the scattering coefficient would produce a
qualitatively similar result), as indicated in the left-hand sketch. Abrupt changes in either the signal
value or in its rate of change, as shown in the right-side sketch, are not consistent with the known

physics of interactions between biological tissue and NIR light.

R, +AR!(t)= g[rso,rdo,{gl,gz,...},,ua(r),,us(r)]+I ajjér).Aya(r,t)+G%Ays(r,t) dr

2pr 2pr 2ot
+ O'R, - Auy(rt)” + d R°2 Ap(r,t) + 2R Apty(x,1)- Aps(r,t) | dr?
ouy(r ouy(r) Ou,(r) Ouy(r)

+ HOT,

and the acronym HOT stands for “higher-order terms.” The crucial insight that allows us to proceed
beyond Eq. ( 5) is that in the biological imaging context, the magnitude of the absorption-
coefficient fluctuations will substantially smaller than the temporal mean value, and likewise for
the scattering coefficient. The mathematical expressions for the preceding assertions, which
certainly are correct on the time scale of an fNIRS measurement session (i.e., from ten minutes to

an hour), are [Az,(r,t)| < u,(r) and [a,(r,t)|< u(r). As a consequence of the inequalities, we
can safely neglect all of the terms after the first line in Eq ( 5); in other words, we can write:

R +AR/(t)= g[rso,rdo,{gl,gz,...} ] j

oR
ou(r)

Now there is a one-to-one correspondence between the terms on the left-hand and right-hand sides
of Eqg. ( 6), and we can see that it is only the second term on each side that contains a dependence
on time. Put another way, only the second term contains information about hemodynamics, which
is what we’re interested in. Thus we simplify the equation even more, to:

Aya )+ - Ap(r,t) |dr.

! Another practical consequence—the subject for another chapter but worth mentioning here—is that if you
do see discontinuities in your measurement data, your first assumption should be that you have poor skin-
optode contact.

(5)

(6)
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OR! oR!
AR|(t) = || ==="Ap,(r,t) + == Au(r,t)|dr
I Opty(r) Ou(r)
OR! R!
= t)dr+ -Ap(r,t)dr,
jaua jaﬂs( r)

Up to this point, we have only been taking account of how z4(r,t) and g(r,t) vary over
time. The next step in our derivation involves making a biologically reasonable assumption about
how these coefficients vary across space. In particular, we will assume that two points that are
separated by only a small distance cannot have hugely different Az, values or hugely different Az
values. In that case, any point in the tissue that we’re examining can be regarded as the center of a
small volume (or “voxel,” which is an abbreviation of “volume element”?) that has approximately

constant Apta and Apts values: max (Ax, ) —min(Au, ) < (Au,), and
max (A, ) —min(Au, ) < (Apg ), where “(x)” stands for the volume-averaged value of x. Since the
magnitudes of the fluctuations about the average values are too small to interest us, we will simply
assert that value of Az, really is constant throughout the voxel, and likewise for Az.

The preceding approximation allows us to further simplify the equation relating the
measurements to the optical coefficients, because instead of having to somehow figure out the
values of A, and A at an infinite number of points, now we only need to compute them for a
finite number of the small volumes. Eq. (' 7) changes to:

oR;

, R
AR!(t) = A, (V,)- jvl ” (r)dr+A,ua(V2) jvz e )dr+ A AV )- jVN ” (r)dr
oR’ R’ oR!
+ A (V,)- C _dr+Au(V ——dr+...+ Au(V, ¢ _dr,
ST LA e A o

where N is the number of voxels; Azu,(V;) means “the constant value of Az, in the i voxel” (and
likewise for Au); and IV means “perform this integration over the volume of the i'" voxel.”

At first glance, it might not be apparent that Eq. ( 8) is simpler than Eq. ( 7). The reason
why it is, is that the Az, and Ay terms are no Ionger inside the integrals. What this means in

dr,etc., can all be pre-computed (using

practice is that the quantities j r, j —

1%( ) aﬂs( )
methods described in papers available at http://otg.downstate.edu/publications.htm), at our
convenience and independently of any specific set of measurement data, and read in whenever they

!

are needed. Note also that, while an expression such as j ———dr may look complicated, it is

" Oty (r)

just one number when all is said and done (because it is a definite integral carried out over the
volume of a specific voxel). Therefore we will also simplify the appearance of the integrals in Eq.
(1 8), by defining a new set of symbols for them:

% Yes, we know that there is no ‘x” anywhere in “volume element.” The person who coined the word was
going for a 3-D analogue for the word “pixel.”

-10 -
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o = ) 8R dr, W, E_[v OR| dr. EI aR
- Op(r) * Opy(r) " Opy(x (9)
. oR! . oR! e aR'
o=, —==dr, w; =] dr, W=,
2op(r) > Op(r) " op(r
The numbers defined in Eq. ( 9) are called weights: w;_ is the absorption weight in the first voxel,
w;c is the scattering weight in the second voxel, etc., and the “,c” in the subscript reminds us that
these weights are defined for the specific measurement channel that we are considering.
Substitution of the Eq. ( 9) expressions into Eq. ( 8) leads to:
AR(t) = Ap, (V3 1) - Wi, + A (V1) - Wa o+ Ap (V1) - W (10)
+ ALV 1) - W+ Ap (Vo 1) - Wo o+ Asr (Vi 1) - Wy
and readers with knowledge of linear algebra may recognize that each row in Eq. ( 10) is a simple
dot product of two vectors:
A;ua(vl 't) ] A/us(vl ! t)
A (V,,t Ap(V,,t
sr()=[o, v, ooowe ] 0 e e Y
A,ua(VN ,t)_ A,uS(VN ,t)
which can be written in a more compact way by defining a symbol for each vector:
ch Wls,c I A/ua\(vl ' t ) Alus (Vl ! t )
w; > A (V,,t Ap(V,,t
wi= 2° , W= 2° , Apg(t)= ,ua(: ) . Apg(t)= ,us(: 2t) ,
Wg,c Wlil,c _A;ua(VN 't) Afus(VN ’t)
= (12)
! a T S T
ARC(t)z(wc) (Apa(t))Jr(Wc) (Aus(t)).
X T
(The superscript ‘T’ denotes the transpose operation: {y} =[x y]). It is straightforward to
combine the terms on the right-hand side of Eq. ( 12) into a single dot product:
T
a1 Apg(t
AR(t)=| " k(1) (13)
we | [ An(t)

which is the one-channel perturbation equation.

Please take note of the following facts about Eq. ( 13):

The right-hand side is the product of two factors, and the first one contains all of

the dependence on the locations of the source and detector optodes while the
second one contains all of the information about the time-varying absorption and

scattering coefficients of the tissue.

-11 -
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e While we derived the equation by considering the measurement data R.(t) collected
by some particular channel, at no point did we specify which channel we were
considering. This means that the final result we obtained is completely general: we
will get an equation having the form of Eq. ( 13) for every channel in a multi-
channel measurement.

e The only difference between the equations for the multiple channels will be that

each one will have different specific numerical values in its {
w

Ap,(t)
Aps(t)

} vector. Since all

c
S
C

of the measurements are collected simultaneously, { } necessarily is the

same for all channels.

Ap,(t
In order to ensure that our image reconstruction computation will find a single Luaétﬂ
R
that is consistent with measurements from all channels simultaneously, we combine all the one-
channel perturbation equations into a single system of algebraic equations. Using the symbol M to
denote the total number of channels that were present during the measurement, the algebraic

system is:
_ .
wi
Wi

A%O)__{XQT{Amﬂq’

Ap,s(t)
a T
W
{WL}_
where we have replaced the generic subscript ‘c’ with specific numerical values that range from 1
to M. Thus the first row in Eq. ( 14) contains information pertaining to the measurement channel #1
(e.g., Channel A in Fig. Al.1), the second row contains information pertaining to the measurement
channel #2 (e.g., Channel B in Fig. Al.1), and so on down the line. Next, just as we did for Egs.

(8) and ( 11), we streamline the appearance of Eq. ( 14) by defining new symbols for some of the
terms:

and substituting the Eq. ( 15) into Eq. ( 14) gives us

-12 -
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AR'(t) = Wap(t),

which is the multi-channel perturbation equation. The process of reconstructing images involves
using a numerical analysis algorithm to solve Eq. ( 16) for Au(t), when W (pre-computed) and
AR'(t) (measured) are given as input. Additional information about the specific methods that
NAVI uses is given in the next section of this Appendix.

Normalized Difference Method

A close examination of Eq. ( 9) reveals a reason why you might expect that the perturbation-
equation approach derived in the preceding section would be difficult to apply in practice:

computation of the correct weights requires accurate knowledge of ,ua(r) and ,Lzs(r), the position-

dependent, time-averaged absorption and scattering coefficients. However, in functional medical
imaging studies there really is no good (or noninvasive, or economically feasible) way to obtain

accurate knowledge of s,(r) and x(r). What has tended to happen instead is that people doing

fNIRS imaging research take the best “initial guess” that they can think of for the time-averaged
coefficient values (these are also often referred to as “reference” values); here we will use the
symbols A(r) and S(r) refer to the initial guesses for the absorption and scattering coefficients,
respectively. The next step is to compute the weights that correspond to those initial guesses:

W 8R_; dr, W’ 8R_; d
¢ = r, P =
My 8A(r) My 63(1‘)

where the voxel index i ranges from 1 to N, the channel index j ranges from 1 to M, and we are
using the ‘~” symbol to indicate that the quantities defined in Eqg. ( 17) are not really the true
weights for the tissue that you took the measurements from. The initial-guess-based weights are
used, in place of the unknown correct ones, in Eq. ( 16), and finally a numerical algorithm is used

to solve the resulting equation, AR/(t) = WAﬁ(t), for A(t).

The fatal flaw in the preceding approach is that the argument that took us from Eq. ( 5) to
Eqg. ( 6)—and, by extension, to all subsequent equations in the first section of this Appendix—is no

longer valid once we replace ya(r) and ys(r) with A(r) and S(r). There is no reason to expect that

|Au,(r,t) < Ar) or that |au(r,t) < S(r), and in fact all experience indicates that those

inequalities are not satisfied. And so, while we surely are free to substitute A(r) and S(r) for s,(r)

and ys(r) in Eq. (5), the second-derivative and higher-order terms will no longer be negligible. As
a consequence, while we can go through the motions of computing Aﬁ(t) as described in the
preceding paragraph, we have no reason to expect that Afi(t) will be a good approximation to the
true Ap(t).

Okay then, what can we do to get out of this predicament? The critical insight here is that it
isn’t enough to substitute W for W in the multi-channel perturbation equation: to be consistent, we
also have to replace the R_C’term that we haven’t thought about since Eq. ( 6). You will recall

R_C’ (measured) is the normalized light signal detected for tissue having optical coefficient values of

,(r) and z(r) (unknown and unknowable). What we need instead is R!, which is the normalized
light signal detected for tissue having optical coefficient values of A(r) and S(r). Fortunately, the

-13 -

(16)

(17)



NAVI User’s Guide Image Reconstruction

same computational techniques that are used to produce W can be used to generate R! values for
all of the measurement channels. Then we gather the Iic' values for all channels into a vector,
which we will call R’, taking care to arrange the channels in the same order in R’ that they have
in AR(t).

Now we need to appropriately combine the computed R’ and W with the measured
AR(t) in order to produce a mathematically consistent analogue for Eq. ( 16). This is
accomplished via the following process, which we call the normalized difference method:

e For each channel, compute the ratio AR/(t)/R! . Recall that the numerator AR((t) is the
difference between time-varying and time-averaged detected light signals:
AR!(t) =R!(t)—R.. Thus the dimensionless ratio AR!(t)/R! is a normalized difference.

e For each channel, multiply ARC'(t)/R_C’ (derived from measurement data) and the
corresponding R; value (computed, based on the initial guesses A(r) and S(r)):
AR((t)=R-[ AR/(t)/R]], or, equivalently, AR((t)=4R/(t)-(R//R{). Note that this
amounts to adjusting the measured AR!(t) by some channel-dependent multiplicative
constant.

e The single-channel perturbation equation for normalized differences, analogous to Eq.

(13), is:
;
~ w2 A (t
ar(e)=| Yo | | R
we | | Al(t)
The way to interpret the terms Aji,(t) and Afi (t) is that these are the amounts by which

we would need to change the absorption and scattering coefficients, with respect to the
initial guesses A(r) and S(r), in order to see a change in detected light signal equal to

AR(t). Put another way, if {A(r), S(r)} inside the tissue gives us R; in the measurement

channel, then {A(r)+Afi,(t), S(r)+Af,(t)} will give us R +AR((t).

e After generating an equation having the form of Eq. ( 18) for all the individual, combine
them all into the multi-channel perturbation equation for normalized differences, analogous
to Eq. ( 16):

AR(t) = Waji(t),

and solve the resulting system for Ajfi(t). In contrast with the approach considered at the beginning

of this section, Eq. ( 19) does not suffer from any mismatch between the tissue properties
corresponding to the weights and to the time-averaged detector signals. Consequently, the
conditions that must be satisfied in order to use Eq. ( 6) in place of Eq. ( 5) are not violated. It

follows that when Eq. ( 19) is used, we can expect that Aji(t) will be a good approximation to the

true Ap(t). (See http://otg.downstate.edu/Publication/PeiAOO0L.pdf for computational examples
illustrating the robustness of the normalized difference method to substantial discrepancies between

{ya(r), ,us(r)} and {A(r), s(r)}, and see http://otg.downstate.edu/Publication/SchmitzRS102.pdf

for a demonstration of its successful application to laboratory data.)

-14 -
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Data Export

Introduction

NAVI provides a Data Export module that allows users to export NAVI-based detector and
image data in a number of file formats. The available formats make it possible for you to edit,
view and analyze the exported data with other, commonly available software packages, such as

AFNI, SPM, or GID.

Data Export
GUI for Data Export Export ||HbDHy|mages o j
|BMALYZE Format |

This module contains two pull-down menus. One of them allows you to select the data that will
be converted, while the other specifies the conversion format.

Data Export

Export | |HI:u:|:-:_I,I Images ta j
Hboxy Imanes to
Hbdeoxy Images to
Hhbtaot Images to
Pull-down menu used to HBOZSat Images to
specify data to be converted. Fittered Detectaors to
Marmalized Detectors ta

Data Export
Pull-down menu used Export ||H|: : t <
to select a file format. P S TR
|BMALYZE Format R

ASCH Faormat

The types of data that may be exported, and the valid file formats for each type, are as follows:
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Hboxy Images — reconstructed images of oxygenated hemoglobin; to all three file
formats

Hbdeoxy Images — reconstructed images of deoxygenated hemoglobin; to all three file
formats

Hbtot Images — computed images of total hemoglobin; to all three file formats
HbO,Sat — computed images of hemoglobin oxygen saturation; to all three file formats
Filtered Detectors — frequency-filtered detector data; to ASCII (plain text) format only

Normalized Detectors — normalized detector data; to ASCII (plain text) format only

Currently available data formats are:

Analyze: used by AFNI, Analyze, and other image processing applications

GiD: a product of the International Center for Numerical Methods in Engineering, which,
among other things, provides 3D volume-rendering capabilities that are not part of NAVI

ASCII: can be viewed most text editor (e.g., WordPad) or spreadsheet (e.g., Microsoft
Excel) applications

Exporting Data

Take the following steps to complete a specified data export.

1.
2.
3.

Specify the data you want to export.
Specify a format from the pull-down menu. For example, select ‘Analyze Format’.

Click the Export button to start processing. Should an invalid data format be
selected, the following warning message will appear:

J Warning Dialog

Irvvald data format for the zpecified data zet.

If all user specifications are valid, a new pop-up window will appear, that will allow you to
specify the starting and ending measurement frames for the time interval that you want to export:
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J Specify Time Range for Converting Images

Starting Time Point:
K

Ending Time Point:
| 628

0k, | Cancel |

After you finalize your selections by clicking the OK button, a progress bar will appear:

) Progress Bar |Z| |E| E'

5% images converted .

Please be patient while waiting for the conversion and exporting operations to complete,
as this process can involve lengthy computations.

After the data conversion and export process has completed a new pop-up window will open,
providing information about the location of the output files.

J Help Dialog

The converted files can be found in
C: M 2pT Sworkhleft_motor_cortext magestanalyze

_x |
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Results Output

Depending on the format and dataset selected, NAVI’s automated file manager will save the
exported data files into a subfolder named ‘Analyze’, ‘GiD’, or ‘ASCII’.

Analyze Format

Selection of this format creates a subfolder named ‘Analyze’, which will contain two files for
each time frame in the specified image data set. These new files will have a NAVI-defined file
name syntax, a number that identifies the image time frame, and the extensions *.hdr’ (header
file) and “.img’ (image data). For example:

i_n_f_+[raw data file name without extension] +# (time frame).hdr
i_n_f_+ [raw data file name without extension] +#(time frame).img

The following figure shows the example output of Hboxy image files exported into
Analyze format:

= [ NAVIZp1 E]i_n_f_keith_Hboxy_00000 1.hdr 1KE HDR File
I doc i_n_f_keith_Hboxy_000001.img 250KB  IMG File

# () models i_n_f_keiﬂﬁ_HI:u:uxy_DDDDD2.h|:|r 1KE HDR File
# | psrc i_n_f_kEiﬂﬁ_Hbey_DDDDDZ.img 250KE  IMG File
=l | work i_n_f_kEiﬂﬁ_Hbey_DDDDM.hu:lr 1KE HDR File
=l |2 left_motor_cortex i_n_f_kEiﬂﬁ_Hbey_DDDDM.img 250KE IMG File
| Detectors i_n_f_kEiﬂﬁ_Hbey_DDDDDﬂr.hu:lr 1KE HDR File

=l [ ) Images i_n_f_keiﬂﬁ_th:-xy_DDDDM.img 250KE  IMG File
O[PS |[E)i_n_f_keith_Hbosxy_000005.hdr 1KB HDR File

i_n_f _keith_Hboxy_000005.img I50KE IMG File

=)i_n_f _keith_Hboxy_000006.hdr 1KB HOR File
i_n_f_keith_Hboxy_000006.img 250KE  IMG File

E|i_n_f _keith_Hboxy_000007.hdr 1KB HDR File
i_n_f_keith_Hboxy_000007.img 250KE IMG File

i=)i_n_f _keith_Hboxy_000008.hdr 1KB HDR File

i_n_f keith Hbosxy_000008.img 250KB  IMG File
=)i_n_f_keith_Hbaxy_000009. hdr 1KE HDR File

i_n_f _keith_Hboxy_000009.img I50KE IMG File

=li_n_f _keith_Hboxy_000010.hdr 1KB HOR File
i_n_f_keith_Hboxy_000010.img 250KE  IMG File




NAVI User’s Guide Data Export

GiD Format

Selection of this format creates a subfolder named ‘GiD’, which will contain a new file for each
time frame in the specified image data set. These new files will have a NAVI-defined file name
syntax, a number that identifies the image time frame, and the extension ‘.flavia.res’. For
example:

i_n_f _+[raw data file name without extension]+#(time frame).flavia.res

It deserves emphasis that to view images in GiD format, a GiD-based FEM mesh folder must be
present in the same folder as the exported image files. You can not view the images without their
GiD-based FEM mesh even if you can covert them into the files with GiD format. Note that the
FEM models in the current brain library do not contain corresponding GiD meshes. Therefore
computed images cannot be immediately viewed using the GiD package.

ASCII Format

Selection of this format creates a subfolder named ‘ASCII’, which will contain a single file in the
case of image data, or multiple files in the case of detector data, that has the same file name as the
specified data set. These files can be opened and viewed with any standard text-editing (for
example, WordPad, Notepad, or Word®) or spreadsheet (for example, Excel®, PSI-Plot, ProStat)
application.
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Data Viewing

Introduction

NAVI provides three viewing modules in its Data Viewer portal:

= Detector Time Series Viewer
= Hemodynamic Image Viewer
= Data Processing Info Viewer

You can use these three modules to view, respectively, detector-channel time series, hemodynamic
images, and recorded information pertaining to the measurement and to all data processing operations
that have been performed so far.

Data Viewer

|yl 0ad datalnfo ||Fr|:|m File System v |

Function used for
specifying and loading /
a project-specific

datalnfo file. v |

|with wavelength dependence data ﬂ

These modules are

disabled before a >
datalnfo file is
loaded.

A

Loading a project-specific datalnfo file will enable those modules for which the corresponding
computations have been completed. For example, if you have performed data preprocessing (Chap. 3)
but not yet image reconstruction (Chap. 4), then the Detector Time Series Viewer and Data
Processing Info Viewer buttons will be enabled, but Hemodynamic Image Viewer will remain
“grayed out,” as it is in the preceding figure. If image reconstruction has been performed, then after
the datalnfo file is loaded the Data Viewer portal will appear as illustrated in the next figure:
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Data Viewer

Load datalnfo ||Fr0m File: Spztem j

w Detector Time Series Viewer |

|with wavelength dependence data ﬂ
Modules enabled after a
datalnfo file is loaded.
(Preprocessing and image Hemodynamic Image Viewer |

reconstruction
computations have been
performed, in this

Data Processing Info Yiewer |
example.)

As indicated above, if image reconstruction has not yet been completed, the portal will appear as
follows after the datalnfo file has been loaded:

Data Viewer

Load datalnfo ||Frc:m File System v |

Detector Time Series Yiewer |

The grayed-out
Hemodynamic Image
Viewer button indicates that
the datalnfo file containsno— |
record about computed
hemodynamic images.

|wilh wavelength dependence data j

Data Processing Info Yiewer

The following sections will show you how to use these three modules to view the different NAVI-
based data sets and data processing information.
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Detector Time Series Viewer

Pressing the Detector Time Series Viewer button brings up a new GUI, which allows you to display,
edit and export the detector-channel time series. From the pull-down menu highlighted in the
following figure, select ‘with wavelength dependence data’ (the default) to view raw, frequency-
filtered, or filtered-and-normalized detector-channel data. Alternatively, select ‘with hemoglobin states
data’ to view time series of one or more hemodynamic variables.

Data Viewer

Load datalnfo | |Fr|:|rn File System j weith weavelength dependence data j

weith weavelength dependence data

with hemoglobin states data

Detector Time Series Yiewer |

with wavelenath dependence data LI

Hemodynamic Image Yiewer | Pull-down menu for
specifying a data type prior
to launching the View
Detector Time Series
module

Data Processing Info Viewer |

The functionalities provided by the module are:

= Display of time series for an individual detector channel, and its power spectral density (PSD)
vs. frequency.

»  Simultaneous display of multiple time series for a single channel, and their PSDs; this allows
comparisons of different experimental variables (e.g., normalized detector-channel time series
at two measurement wavelengths, three states of hemoglobin [Hb]).

= Stacked display of time series for all detector channels, for a single specified variable.
= Colored contour-surface display of time series for all detector channels, for a single specified
variable.
In addition, the module offers control functions that allow you to easily:

= Switch to a different display variable (e.g., from raw detector data to normalized detector-data
time series, or from deoxy-Hb concentration to HbO, saturation);

= Select which specific channel to display;
= Specify the time interval for the currently displayed variable as well as for its PSD estimate;
= Change the scales on all plots (i.e., zoom in/out);

= Reset the plots to their default display settings; save a user-specified time series for later use
as, for example, a model function in GLM calculations (see Chapter 8, Feature Extraction).
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There are small differences between the GUIs designed for viewing the ‘wavelength dependence’ and
‘hemoglobin states’ data categories. As the GUIs contain nearly the same functionalities, we present a
detailed description of the wavelength-dependent detector data GUI, and refer to the hemoglobin-state

data GUI only to point out the differences between the two.

EEX

J DataView by Wavelength

File Edit View Insert Tools Window Help Others
Individual Time Series for the Specified Detector Data Measurement Geometry
st o] I >
0.17 pz| 02 2 bz 2
D1E Diq 018 M Dzd
0.165 01| o D19 o1 DiE
DE D7 02| D9 D10
016 o J J J _]
p1] o D3 b4 o5
0155+ | | | | | . Wy viewing v
100 200 300 400 500 600 Al v
Scale Y-Axis | Time Fange [frame) 1628 Specify by Graphics | Reset | Exclude Undesired Channel ‘
w10 The Corresponding PSD Freguency Series Detector Yiew Options
5~ . |F|aw Data ﬂ
4k 1 [ SingleWavelengtt |"avelength1 -
= " Multiple Wavelength
53 ;
=
E al 4 Other Yiews
1L 1| ViewGroupTS | MapANTS |
ll " H“ Aa H H |Eulresp0nding to IJpper Figure D ata j
0 01 02 03 04 05 06 O7 08 039 1
Frequency (Hz) Save Time Series|ir Upper Figure «
Scale ¥-Axis Scale X-Axis | Reset |

GUI used for viewing wavelength-dependent detector data.
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Selecting a Specific Source and Detector

The components of the Measurement Geometry field (upper right corner of the GUI depicted on p.
4) allow you to select a specific channel (i.e., a specific source-detector combination) in order to view
its time-dependent signal response.

Use the text field to
input the number of

Measurement Geometry

the source.

This geometry shows the
arrangement of sources
and detectors. It is also
used to specify the number
of the detector channel
you want to view.

The red color identifies
the position of the source
typed in the ‘Source No.’
text field.

Source selection

»Souce Mo ¢ 1 >

Em

=
[t S
[

7

-

There are two ways to select a source:

1. Directly type the source number in the ‘Source No:’ text field,;

2. Use the “<<” and “>>” buttons to scroll through the sources.
identified as a numbered square highlighted in red.

Detector selection

Click each of these
push buttons to specify
the number of the
viewed detector. The
green color identifies
the detector location.

Use the pull-down menu
to change the direction
from which to view the
source-detector
arrangement.

Use the scroll bar to

rapidly view multiple
channels in succession.

The selected source is

You can select a detector by clicking on one of the numbered squares that diagrams the locations
of all optical fibers used for the measurement. The selected detector is highlighted in green.

Alternatively, you can scroll through all the channels’ time series in rapid succession, by using the
scroll bar found near the bottom of the Measurement Geometry field.
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Selecting a Specific Detector Data Set

Wavelength Dependence Data

The components of the Detector View Option field (right side of the GUI depicted on p. 4) allow you
to select a specific wavelength-dependent data type for viewing.

Detector data type: Use the pull-down menu at the top of the Detector View Options field to
select raw, frequency-filtered or filtered-and-normalized data for viewing.

Detector Wiew Options

E

| MHarmalized D ata

Raw Data
 Filtered O ata
MNormalized Data

i |

A 4

IHaw Data

* Single “»avelength |WaveLength1 j

" Multiple W avelength

Number of viewed wavelength data sets: Use the ‘Single Wavelength’ and ‘Multiple Wavelength’
radio buttons in order to view the time series for either a single measurement wavelength or for
both wavelengths simultaneously. If you choose the Single Wavelength option, then use the pull-
down menu next to the radio button to select a wavelength (see p. 7). If you choose the Multiple
Wavelength option, each wavelength’s data will be plotted in a different color.

J DataView by Wavelength
File Edit View Insert Tools Window Help Others

Individual Time Series for the Specified Detector Data Measurement Geometry

&

Scale Y-Axiz| Time Range [frame]

] I SourceNoﬂ J
1.005 .
I |
l|l H H |). \. | EIR N
1 ll ) ) } j‘ I D16 pi7 g ooy Dz
0.995 l \ ! . 4 o1 pyg DIF D14 i
099+ ‘ 1 J ﬂ E 9_9“] M
i - | b g o E o]
0988 . = viewing
100 200 300 400 500 600 NI |
1628 Specify by Graphics | Reset | E xclude Undesired Channel |

Amplitude
(o)

ra
T

UL,

%10 The Corresponding P3SD Frequency Series
T T T T T
|Nolmalized Drata j
1 " Single Wavelenatt |'Wavelength1 -

Detector View Options

s pultiple Wavelength

Other Yiews

07 08

0.9

1

0 L | 0.2 D3 04 D5 0.6
Frequency (Hz) Save Time Series{|in Upper Fiqure
Scale Y-Axis Scale X-Axis | Reset

|Enrrespnnding ta Upper Figure Data ﬂ
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Wavelength specification: As mentioned above (p. 6), if you choose the single-wavelength view,
you also need to specify which wavelength to view, from the pull-down menu next to the Single

Wavelength radio button.

Mormalized D ata j Mormalized D ata j
‘| Single ‘W avelengtt | W avelength 1 LI - » | Single‘avelengtt |“Wavelength 2 ﬂ
" Multiple WavelengthlarStength ] ™ Multiple ‘W avelength

) DataView by Wavelength EJEJ E|

File Edit View Insert Tools Window Help Others

Individual Time Series for the Specified Detector Data Measurement Geometry

I I I Source Moo €< 1 ¥
I

1.005
D21 023 D23 D24 DS
r M D17 D1g M @
0.995 . D11 p1d 019 D14 DiE
099} 1 o8| o7l os| B8] ow
L I

0985}
Wi vieming v

1 1 1 1 1 1
100 200 300 400 500 600 | |

Scale ¥-Axiz | Time Range [frame) 1628 Specify by Graphics | Reset | Exclude Undesired Channel ‘

Detector ¥iew Options

w107 The Corresponding PSD Frequency Series
|Normalized Data j
4r T * Single Wavelengtt |[Wavelength2
§ 3t 1 | Multiple ' avelength
%
= 28 7 Other Views
1h Bl || Tt (e T3 | Map All TS |
ﬁ |C0rresp0nding to Upper Figure Data j
0 01 02 03 04 05 06 07 08 09 1
Frequency (Hz) Save Time Series||in Upper Figue «

Scale Y-Asis Scale X-Asis Reset
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Hemoglobin States Data

The components in the Detector View Option field (right side of the GUI depicted below) allow you to
select a specific hemoglobin-state-dependent data for viewing.

Number of viewed hemoglobin data sets: Use the ‘Single Hb State’ and ‘Multiple Hb States’ radio
buttons in order to view the time series for either a single hemodynamic variable or for Hboxy,
Hbdeoxy and Hbtot simultaneously (the HbO,Sat variable is not included in the multiple states
display; to view HbO,Sat time series, it is necessary to use the single-state option). If you choose the
Single Hb State option, then use the pull-down menu next to the radio button to select a hemodynamic
variable. In the Multiple Hb States option, each variable will be plotted in a different color.

) DataView by Hemoglobin States

File Edit View Insert Tools Window Help Others
w107 Individual Time Series for the Specified Hemoglobin State(s) Measurement Geometry
10t — Hbaoxy i Source Mo << 1 3>
— Hbdeoxy
—— Hbtot | 021 b2 D23 D2y @
i |
| 7 D20l
g 5 ‘ , ; H od o od o
=
g N I v i
Iy, | ! |
; "h o ; i il = o o
(M I i i 1
- " 'i\ * I '-| i bl o2l o3| o4 g
-5 |i | | | | . ) ) Wy viewing v
100 200 300 400 500 600 o |
Scale Y-Axis | Time Range [frame] 1628 Specify by Graphics | Reszet | Exclude Undesired Channel |
x 107" The Corresponding PSD Frequency Series Detector View Options
2l T T T T T T T T T —
ol | | singeHbState  [Heow |
o 10F B
=
2 Br .
o
£ 61 b Other Views
i ‘ | |
2_ <
|C0rresp0nding to Upper Figure Data j
0 0.1 02 03 04 05 06 07 08 09 1
Frequency (Hz) Save Time Series||in Upper Figure ~
Scale Y-Axis Scale X-Axis | Reset |

Hb state specification: As mentioned above, if you choose the single-state view, you also need to
specify which hemodynamic variable to view, using the pull-down menu next to the Single Hb State

radio button.

Detector Yiew Options

" Multiple Hb States
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4 DataView by Hemoglobin States
File Edit View Insert Tools Window Help Others

% 103 Individual Time Series for the Specified Hemoglobin State(s) Measurement Geometry
e _ Source Mo:  ¢¢ 1 3>
D2 D22 D23 Dz4) D25
s 5| i D16 017 D1g)  pig Do
=
EL o1 p1d D13 p14| DiE
=T
ol DB D7 pe| B8] D1
D1| D2 pz| p4| D5
-5 . . . . . L wy viewng |
100 200 300 400 500 600 =] =]

Scale Y-Axis 1628 Exclude Undezired Channel |

Detector ¥Yiew Options

%10 The Corresponding PSD Frequency Series
o T T T T T T T T T —]
126 | @ Single Hb State Hbowxy -
kS )y T | © Mubiple Hb States
=
= 8r 1
=
£ s6r R Other Views
4l |
) View Group T5 | Map AN TS |
—ﬂ\ |Cnrrespnnding to Upper Figure Drata LI
0 0.1 0.2z 0.3 04 0.5 0.6 0T 0.8 0.9 1
Frequency (Hz) Save Time Series||in Upper Figure
Scale Y-Axis Scale X-Axis | Reset

Changing the Time Interval

The detector-data viewer provides two methods for specify a time interval to display.

Specify by Graphics

This choice allows you to graphically specify a time interval by clicking on the ‘Specify by Graphics’
button. This will enable a set of crosshairs, as illustrated below, that you can move by using the
mouse. A time segment is indicated by twice clicking the primary mouse button, the first time to
indicate the beginning of the time interval, and the second time to indicate the end of the time interval.

s 10  Individual Time Sanies for the Bpecifisd Harmaglobin Stata{s)

|
g s i
z Ay [H W ﬂﬂJ\Ln lJ\
°l vy W
= 705 556 508 o o0 560
Scale Y-Auiz| Time Rangs frame) | 1528 Reset
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An updated plot of the data time series is produced, as in the following figure. The precise start and
end measurement frames for the selected time window are displayed in the ‘Time Range (frame)’ text

field found below the upper plot.

-} DataView by Hemoglobin States E] @| le

File Edit WView Insert Tools Window Help Others
Measurement Geometry

w0 1[]‘5 Individual Time Series for the Specified Hemoglobin State(s)
D2 p22| D23

10

|5

(=]
@
o
)
e
)
o
in
o
r
=1

(=]
m

o

Amplitude

5
B
5

Hy wiewing W

A B g
B
E

2 & |2

2

5L

n
oo 250 300

n n
100 150

55 311 Specify by Graphics Reset | Exclude Undesired Channel |

Scale Y-Axis | |Time Fange [frame]
i The Corresponding PSD Frequency Series Detector Wiew Options
& SingleHbState  [Hoowy =]

" Multiple Hb States

x 107

25 1 Other Views
1 1| ViewGoup TS|  Mapants |
|Co|respond|ng to Upper Figure Data j

1] 01 02 03 04 05 06 07 08 09 1
Save Time Series|[ir Upper Figure _~ |

Frequency (Hz)

Amplitude

Scale Y-Axis Scale X-Axis | Resot

Specify by Typing

You can type the starting and ending time frames directly into the ‘Time Range (frame)’ text field.
Pressing the Enter key will update the display. An example of the use of this method is shown here:

=13

) DataView by Hemoglobin States
Fle Edit View Insert Tools Window

Help Others

< Individual Time Series for the Specified Hemoglobin State(s) Measurement Geometry

®x 10
T T T T T T T
Source Mo << 1 >>

o D022 pzal D24 D2g
D1 017 D18 p1d D20
D11 pi1d D13 D14 Di1E

Amplitude

. . . . . -y viewing -
160 180 200 220 240 260 =] |
Exclude Undesired Channel |

Scale Y-Anis | Time Range [frame) | 100 260 Specify by Graphics |  Reset |
Detector Yiew Options

w10 The Corresponding PSD Frequency Series

. T T T T T ]
" Single Hb State Hbasy -

" Multiple Hb States

L L
100 120 140

R

Other ¥Yiews

Amplitude
[+

T | ViewGroup 15 |  Mapants |

| Conesponding to Upper Figure Data_~

A

L
5 E 03 04 05 06 o7 08 08 1
Save Time Series ’Wl

Frequency (Hz)
Scale X-Axis | Reset

=]
o
o
]

Scale Y-Axis
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Reset

Press the ‘Reset’ button in order to restore the starting and ending time frames to their default
values (i.e., 1 and the last measurement time frame of the specified data set, respectively), as

shown in the following figure:

=

-} DataView by Hemoglobin States
File Edit View Insert Tools Window Help Others

b 10‘5 Individual Time Series for the Specified Hemoglobin State(s) Measurement Geometry
Wl . " " " _ Souce Mo << [ 1 »»
p21| 02 bz ped b
o i o1l p1g p1g g b
=
=
= ol pig o1 pig o
= I oel o7l ps| B8] o
1] 2| o3| b4l o
) | [
I

100 200 300 400 500 =]
Scale Y-Axis |T.meﬂange [Frarne] | 1628 | Specify by Eraphics| Reset | Exclude Undesired Channel |

Detector Yiew Options

x% 10"3 The Corresponding PSD Frequency Series
14
* Single Hb State Hboxy -

10 - © Multiple Hb States

T Other Views

Amplitude

8
&
s
View Group TS | Map All TS |
2

| comesponding to Upper Figure Data =

o 01 02 03 04 0.5 0.6 07 0.8 09 1
Frequency (Hz) Save Time Series||in Upper Figure

Scale Y-Axis Scale X-Axis | Reset

Rescaling the Amplitude

You can rescale the vertical axes, for both upper and lower sub-figures, by using their respective
‘Scale Y-Axis’ buttons. By default, each data channel’s time series is scaled to its own minimum and
maximum values. In contrast, using a Scale Y-Axis button will apply a user-defined scale range to all
the channel-based time series plots in the specified data set.

Upper Panel: | Seale ¥-Axis|| Time Range (frame) 1628 Specify by Graphics | Reset

Lower Panel: Scale Y-Axis | Scale X-Axis Reszet

The following is an example of use of the scaling function for upper panel, while use of the scaling
function for lower panel is similar.
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Step 1: Click the Scale Y-Axis button to open a pop-up window as shown below:

) Specify Scales for Upper Figure

Minimum Yalue of Amplitude (default iz min(the entire data set)):
| -0.0016055

Maximum Value of Amplitude (default is max(the entire data set)):
| 00010444

] | Cancel ‘

Step 2: Enter the desired minimum and maximum values for the display range of the vertical
axis. For example:

J Specify Scales for Upper Figure

Minimum Yalue of Amplitude (default iz min(the entire data set)):
| Te-d

Maximum Value of Amplitude (default i= max(the entire data set)):
| Te-d

] | Cancel ‘

Step 3: Click the OK button to close the pop-up window. You will see an updated plot, with
the new vertical scale limits, in the rescaled sub-figure:

-} DataView by Hemoglobin States
File Edit View Insert Tools Window Help Others

™ Individual Time Series for the Specified Hemoglebin State(s) Measurement Geometry

x 10
1 T T T T T T
Source Ma: << 1 >3
- D1g) o17]  p1E oy J
3
E]
§ L T T LN o [E| 014 p14 D1
ol o7 oe| Bl cid
1] oo o3 M s
; ) ) ) ) ) ) Wy wiewing
100 200 300 400 500 600 o |

Exclude Undesired Channel |

Scale Y-Axis| Time Range (frame) 1628 Specify by Graphics Reset |

Detector Yiew Options

w10 ® The Corresponding PSD Frequency Series
il T T - T : T - : T ——
=/ | [* singleHbState  [Hbouy -
= 10 7 " Multiple Hb States
=}
= 8¢ 7
=
5 6r T Other Views
4t ]
View Group TS | Map All TS |
a2l ]
|Conesponding to Upper Figuie Data |

Q 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Frequency (Hz) Save Time Series| in Lpper Figure  ~

Scale Y-Axis Scale X-Axis | Reset

Note: You can reset the minimum and maximum values of the vertical-scale range to their
default values by typing “auto” in the corresponding text fields, as shown below. In addition,
the default vertical scale will automatically be restored if you toggle between the ‘Single
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Wavelength’ and ‘Multiple Wavelength’ options, or between ‘Single Hb State’ and ‘Multiple
Hb States’, or if you select a different single wavelength or a different single Hb state.

J Specify Scales for Upper Figure

Minimum Value of Amplitude (default iz min(the entire data set)):

| auto

Maximum Yalue of Amplitude (default i= max(the entire data set)):

| auta

Ok | Cancel ‘

Excluding Bad Channels

Sometimes, even after performing detector preprocessing, an experimental data set may still contain
data channels that you regard as suspect and would like to exclude from subsequent image
reconstruction and feature extraction computations. The detector data GUIs have an ‘Exclude

Undesired Channel’ utility that allows to manually exclude these channels.

Measurement Geometry

SourceNo:ﬂ’fﬂ
D21 D22 b2y 024 Dz
p1g D20
o1 pid D19 Dp14 D1
o o7 o] ol o
D1

o

[ny]
)
fary
=
0
pary
[un]

1

Clicking on the Exclude Undesired Channel button opens a pop-up window that asks you to confirm
the decision. Change the “no” default setting to “yes” and click the ‘OK’ button to start the process.

- —————
J Channel Exclution Option -_||_|[z|

Da you really want to exclude the channel from the experimental data sets?
[vesima]

[ Ok ] ’ Cancel ]
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After excluding a channel, you will see a redrawn plot of the specified time series, with the message
“Bad Channel Detected” overlaid on it. Simultaneously, the datalnfo file will be automatically updated
with information related to the exclusion. As an example, the following figure shows the channel with

Source 1 and Detector 24 excluded and identified as a bad channel.
=(=1]e3]

J DataYiew by Hemoglobin States

File Edit View Insert Tools Window Help Others

x m" Individual Time Series for the Specified Hemoglobin State(s) Measurement Geometry

< i ' j ' Snurcemnﬂﬁﬂ
v oA o g oo
p1g D2
03| Dbig
o) o9
] [1ey viewing <]

L 1 L 1 1 n
100 200 300 400 500 600 Sl |

Scale Y-Axis| Time Range (frame] 1628 Specify by Graphics Reset | Exclude Undesired Channel
Detector Yiew Options

x m‘s The Corresponding PSD Frequency Series

5F ]
@ Single Hb State | Hbosy -

s

Amplitude

SEEE
B2 )g 3

R

" Multiple Hb States

3k
Other Views

Amplitude

s
View Group TS ‘ Map All TS ‘

1k
| Carresparding to Upper Figure Data |

.
o 01 02 03 04 05 06 07 08 09 1
Save Time Setiesfin Upper Figuie =

Frequency (Hz)

Scals Y-Axis Scale X-Auis | Reset

Note: The manual exclusion process can not be reversed. Therefore you must be very careful,
when using the manual exclusion operation, not to inadvertently exclude a good channel. Note
also that the same “Bad Channel Detected” message shown above also appears when you view
time series for channels that were excluded by NAVI based on the CV threshold computation.

Other Views

The components in the Other Views field (lower right corner of the GUIs depicted on pp. 4 and 8)
allow you to view a specified detector data set in a number of different display formats.

|Eu:urrespu:unu:|ing to Upper Figure Data j

Other Yiews
/ Comegponding bo Lpper Figure Data

T
View Group TS | Map All TS |
A

Cormesponging to Loweer Figure D ata

Corezponding to Upper Figure Data ﬂ

. . IF . | _—W |inUpper Figure -
Save Time Senes“,n Upper Figure ﬂ, ir| radtRom J

ity Lanwer Figure
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View Group TS

This choice (i.e., view groups of time series) allows you to display a selected number of
detector-data time series simultaneously in a stacked format, over any desired interval of time
frames. Several controls are provided to allow adjustment of the number of time series
displayed and the vertical and horizontal axis scales. An example of application of the View
Group TS function is shown in the following figure:

) time-courses for all channels

Figure Display Settings Help

Cloze

Scale
0.02142
0 10 20 30 40 50 60 70 80 90 100 110 120
= Chan. Timelzec] “alue = ) =
= el o 2 o nosss araasr woonario [00218 ) Pesesee] 120 JM
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Map All TS

This choice allows you to display the specified data set as a contour surface, with time plotted
along the x-axis and detector channel along the y-axis. You can change the color scale of the
map by using the “Scale Y-Axis” buttons in the upper and lower panels of the parent GUIL. An
example of application of the Map All TS function is shown in the following figure:

J Detector Channel Time Series Mapping
File Edit View Insert Tools Window RgEs]

200

300 |

o {1

o

Detector Channel

i

400

e £

600

=l -0.8 06 -04 -02 0 0.2 0.4 0.6 0.8 1

Saving a Selected Time Series

This uility allows you to save one or more specific time series, displayed in either the upper or
lower sub-figures, into ASCII files with user-defined filenames. This functionality can be
useful if you discover an interesting temporal behavior that you want to use subsequently in
additional processing steps (e.g., correlation analysis or GLM [see Chap. §]).
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Hemodynamic Image Viewer

The Hemodynamic Image Viewer module provides GUIs (a parent and many children) with
functionalities for viewing individual Hb-state images and for displaying, editing and exporting
selected Hb-state image-pixel time series.

Data Viewer

Load datalnfo | |Fr|:|m File System j

Detector Time Series Yiewer

|with wavelength dependence data ﬂ

Hemodynamic Image Viewer

Data Processing Info Yiewer

The functions for viewing Hb-state images include:

= Display a 2D tiling of an individual 3D hemodynamic image, with a choice of axial, sagittal or
coronal views.

»  Simultaneous display of mutually orthogonal 2D sections of an individual 3D hemodynamic
image.

= Animation of a specified 2D section of an individual 3D hemodynamic image.
* Overlay of 2D sections of a 3D hemodynamic image onto a corresponding MR anatomical
image.

In addition, the control functions for viewing Hb-state images allow you to:

= Switch to a different display variable (i.e., a different Hb state);

= Specify the display time interval for single-pixel time series;

= Change the scales on all plots (i.e., zoom in/out);

= Switch to a different view direction (i.e., axial, sagittal or coronal view)

= Change the grid level for display
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Click the Hemodynamic Image Viewer button to open the parent GUI with its default settings:

»  Time (frame): 1
= Hb State: Hboxy
v View Direction: Axial View (top to bottom)

= Grid Dimensions: 40x40x40

The panel is used for displaying a The panel contains

3D image as a tiling of 2D options used to change
sections, with a choice of axial, the default display
coronal or sagittal view. settings.

-} ImageView (keith_datalnfo -> Original)
File Edit ‘iew Insert

pols  Desktop  wWindow  Help  Others

Qisplay Options:
Tirne (frame) |1—|
21|
Hb State: Hooxy v

|Axial View (Top to Bottorn) i_‘?ﬂ

I Orthogonal View ‘

I Change Display Grid ]

[ Rescale Image ]

[ Create Slice Animation ]

[ Overlay on MRI Image ]

dheindiumiing

ot

-1.35e-007 / -

The colorbar gives the ghlstpanel co(rlltglns o FEM model mesh used for
numerical values associated t}l:m? 1ons use or.thewiﬁng the Image reconstruct
with the displayed image ¢ Image In a varicty o computation.

display format.
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Selecting a time frame
Display Options:

Tirme (frame]): I 1

4 *
1. Entering a number in the ‘Time (frame)’ =l 2
field, or Hb State: |Hbasy -

|.-’-'«:-:ia| “iew [Top to Bottam] ﬂ

Select a time frame for image viewing by:

2. Using the scroll bar to scroll through the

time frames. Orthogonal View |
For example, typing the number 222 in the Change Display Grid ‘
‘Time (frame)’ text field causes the (default)
1** image in the time series to be replaced Rescale Image ‘
with the 222™ image, as shown in the
updated GUI below. Create Slice Animation ‘
|

Owverlay on MRI Image

-} ImageView (keith_datalnfo -> Original)
File Edit Wiew Insert Tools Desktop ‘Window Help Others ~

Display Options:

Time (frame] | 222

! [ d
Hh State: :H-b.o>_<_y w
Axial Wiewr (Top to Boftam) »

B
| B
1l
1
)

’ Orthogonal View I

I Change Display Grid ]

[ Rescale Image ]

[ Create Slice Animation ]

’ Overlay on MRI Image ]

muuuuﬂn

i

T [l b |

= ] FEM Model:
L -
] " \
I Il
.

-T.EBE 008 9 849 [][]9 1.18e-007 -
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Selecting a Hemoglobin State
Display Options:

Use the ‘Hb State:” pull-down menu to specify Time (frama):| 222
the hemodynamic variable you wish to view. o s
F .

or example, sglectlng Hbdeoxy causes the > | b sae =
(default) Hboxy image to be replaced with the S
Hbdeoxy image, as shown in the updated GUI el Views (Top o Bottom) -~ |

below. Orthogonal Yiew |
Change Display Grid
|HI:||:|:-:E
Hbtot Rescale Image

Create Slice Animation

|
|
HbO25at |
|

Owverlay on MRI Image

-} ImageView (keith_datalnfo -> Original)
File Edit View Insert Tools Desktop ‘Window Help Others ~

Display Options:

Time (frame) | 222

I —

sl Views (Top to Bcttom)

’ Orthogonal View ‘

I Change Display Grid ]

[ Rescale Image ]

[ Create Slice Animation ]

’ Overlay on MBI Image l

“ul

b V]

e o

-3.69e-008 7.46e-009 2930008 .
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Selecting the View Direction
Display Options:

Tirme (frame): 222

Below the ‘Hb State:” pull-down menu is a second pull- [T i
down menu that provides you with the ability to choose Hhb State: |Hbow hd

which of the three principal axis directions shall be the === | |Asial View [Top ta Botiom] =
line of sight, if a time series of 3D images is being
viewed. (If the images are 2D, then the functionality

Orthogonal Yiew

described here will be disabled.) The following figure Change Display Grid
shows the result after the ‘Coronal View (Front to
Back)’ is selected for the Hboxy images. Rescale Image

Create Slice Animation ‘

(Top to Bottarm) H Overlay on MRI Image

Axial Wiewy (Top to Bottom)
Sagittal View (Right to Lett)

Caronal Wiewy (Front to Back)

-} ImageView (keith_datalnfo -> Original)
File Edit “iew Insert Tools Desktop ‘Window Help Others o

Display Options:

Time (frame] | 222

A [

Hb State: |Hooxy v
Front to Ba...

’ Orthogonal View ‘

I Change Display Grid ]

[ Rescale Image ]

[ Create Slice Animation ]

’ Overlay on MRI Image ]

FEM Model:

BR __/J

s
ey
Ll 4

vrvesy
WLl

I

-7.68e-008 9.84e-009
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The corresponding result after selection of ‘Sagittal View (Right to Left)’ is:

-} ImageView (keith_datalnfo -> Original)

File Edit Wiew Insert Tools Desktop Window Help  Others £

Display Options:

Tirne (frame) | 222

4 - [7 >|
Hb State: 'H.ta.m_c_\; w
3 al (Right to Left) &

[ Orthogonal View ‘

[ Change Display Grid ]

[ Rescale Image ]

[ Create Slice Animation l

[ Overlay on MRI Image l

LAy
111

111131
1111

111110

=l

-7 68e-008 9.84e-009 1.18e-007 e
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Orthogonal View

Display Options:

The Orthogonal View function allows you to display a
specific image in the form of three mutually orthogonal
planes that intersect at a single, user-specified point.

Clicking on the Orthogonal View button brings up a
second image-display window (i.e., a child GUI), in which

Tirmne (frame): ’_222 |
A i
Hb State: |Hboxy -

|.-‘-'«:-:ia| “iew [Top to Bottom) j

three mutually orthogonal sections (axial, sagittal, and =—=§p

Orthogonal Yiew I

coronal) through the 3D target medium are displayed. (If
the images are 2D, then the functionality described here

Change Display Grid

will be disabled.) The new window contains a set of

Rescale Image

crosshairs. You can use it to select any point in any of the
2D sections, by clicking with the left/primary mouse

button. Upon doing so, a new set of orthogonal 2D
sections will be drawn, all intersecting at the user-selected

|
|
Create Slice Animation |
|

Owverlay on MRI Image

point. The crosshairs will remain active, allowing you to
change the intersection point at will, until you press the
right/secondary mouse button to disable them.

-} navi_orthview

File Edit View Insett Tools Desktop Window Help

Orthogonal View and Slice View of 3D Image

Right Mouse Button to Exit

Coronal Vie Sagittal View

-

Axdial View]

Exit

x 10

10

-5
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Changing Display Grid Display Options:

Time (frame): 222
[l T |

NAVI employs FEM technology for its time series

image reconstructions. Therefore, in order to view Hb_ Sta_‘tez Hbowy =]
these images, it is necessary to interpolate the image | aial View (Top to Botton) |

values from the (geometrically irregular) nodes of the
FEM mesh to a regular 2D or 3D Cartesian grid. We
have set up 40x40 (2D Image) or 40x40x40 (3D == | Change Display Grid
Image) as the default number of Cartesian grid points
per dimension. If you prefer to use a different
gridding, the ‘Change Display Grid’ function allows
you to implement the change.

Orthogonal View |

Rescale Image |

Create Slice Animation |

Owverlay on MREI Image |

Clicking the Change Display Grid button brings up
a new dialog window that allows you to set
parameters for your display grid.

) SetDisplayGrid

=101

Set Parameters for Display Grids

W Select from Grid-Dim Library: |40x40x40 -]

™ Generate a new grid, and add It to library: Run |
A Gnd-Dimension | 40
¥ Grid-Dimension IT

Z Grid-Dimension: | A

oK | QuIT |
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Select from Grid-Dim Library

This selection (default) allows you to specify a set of grid dimensions from the existing grid-
dimension library. The available sets of grid dimensions are listed in the pull-down menu that
is next to the ‘Select from Grid-Dim Library:” checkbox. In the example considered here,
there are two sets of grid dimensions for the FEM model: 20x20x20 and (the default)
40x40x40.

=I5

Set Parameters for Display Grids

¥ Select from Grid-Dim Library: |40x40x40 -l

A40x40x40

™ Generate a new grid, and add It to librarg

H Grid-Dimensian 40
Y Grid-Dimension IT
Z Grid-Dimension: | 40

OK QuIT |

Note: The Grid-Dim Library is a group of files that contains pre-calculated parameters
associated with different sets of grid dimensions that are used for interpolating an image
having an irregular grid (e.g., FEM mesh) onto one with a regular grid. Any FEM model used
by NAVI has its own unique Grid-Dim Library that accompanies the model. You can find the
library in the same folder location where the FEM model is stored. Whenever parameters for a
new set of grid dimensions are specified, the library is automatically updated with the new
information, for later use.

Generate a new grid and add it into library

If none of the sets of grid dimensions available in the grid-dimension library meets your
requirements, you can generate a new one by through the following steps.

Step 1: Check the ‘Generate a new grid and add it into library’ checkbox to enable the
components for generating a new grid: the Run button and the ‘X Grid-Dimension’, Y Grid-
Dimension’ and ‘Z Grid-Dimension’ text fields.
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) sewmployord e

Set Parameters for Display Grids

I™ Select from Grid-Dim Library: 10405401 |

OK | QuIT |

Step 2: Change the numbers in three text fields to the desired grid dimensions, such as
30%30x%30. (The three numbers do not have to all be the same.)

=10

Set Parameters for Display Grids

I™ Select from Grid-Dim Library: 40%40%40 M

¥ Generate a new grid, and add It to librany

KA Grid-Dimension

¥ Grid-Dimension

Z Grid-Dimension:

OK | QuIT |
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Step 3: Click the Run button to start calculation of the interpolation parameters for the
specified set of grid dimensions. While the computation is underway, a progress bar will be

displayed. Following completion of the computation, the new grid dimensions are exported
into the Grid-Dim Library.

=

) Progress Bar

i>enerating Grid Farameters .

Step 4: Select the desired grid from the pull-down menu, for example 30%30x30.

=l

Set Parameters for Display Grids

W Select from Grid-Dim Librany: 30%30%30 -
04040
, _ 20%20x20
™ Generate a new grid, and add It to librany

2 Grid-Dimension

Y Grid-Dimension

2 Grid-Dimension:
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OK or Quit

After you have specified a desired set of grid dimensions, click the OK button to close the
pop-up window and update the image display GUI. Otherwise, click the Quit button to abort
the process of selecting a new set of grid dimensions. The figure below shows the updated
GUI corresponding to the newly generated 30x30x30 grid, for the 122™ image in the Hboxy
time series, with the Axial View 2D sectioning option.

-} ImageView (keith_datalnfo -> Original)
File Edit Wiew Insert Tools Deskiop Window Help Others

Display Options:

Time (frarme) 22

. [ d
Hb State: :Hb‘D)ny' w
Axial Wieww (Top to Bottom) s

’ Orthogonal View J

I Change Display Grid ]

[ Rescale Image ]

[ Create Slice Animation ]

’ Overlay on MRI Image ]

FEM Model:

|
|
|
A

1.1-’-19-[][]8

-7.07e-008
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Changing the Image Color Scale

Display Options:
Time (frame): 222
LT [
Hb State: |Hbozy -

|.f1‘n.:-:ial Wiew [Top to Bottom) j

By default, each image in a time series is
independently scaled, with the minimum image Orthogonal Yiew |
value corresponding to the deepest blue color . .

. ; . Change Display Grid |
and the maximum image value corresponding

to the deepest red. However, you may wish to i
zoom in on a limited range of image values,

and/or enforce a common scale on all images in Create Slice Animation |
a time series. The Rescale Image function
allows you to accomplish either goal. Ceatizsy @ LoVRY ey |

Clicking on the Rescale Image button brings up a pop-up window titled ‘Specify Scales for Image
View’, as shown here:

-} Specify Scales for Image View E||E,[z|

Minimum YValue of Amplitude (using "aute” to reset the scale:
-2.2269-007 |

Maximum Walue of AMPltude (using "auto” to reset the scale).
234356007 |

[ Ok ] ’ Cancel ]

The default values in the two text fields are the minimum and maximum image values, across all time
frames, for the hemodynamic variable being viewed. You may directly type your desired minimum
and maximum values (e.g., -2e-8 and 2¢-8) in the text fields. Then click the OK button to update the
image view with the new color scale.

)} Specify Scales for Image Yiew X|

Minimurn Walue of Amplitude (defaolt is “=aubo):
[ -2s-008

Maxdmum Walue of AMPlitude (defaultis “auto*):
2e-008

] | Canicel |
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If you subsequently wish to return to the default scaling method, click the Rescale Image button a
second time, enter “auto” in both text fields as shown below, and click the OK button.

} Specify Scales for Image Yiew x|

Minimurn Walue of Amplitude (defaoltis st
auto

M =z-imum Walue of AMPlitude [defaultis “auto™):
I auto

ak. | Cancel |
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Slice-Based Animation View - -
Display Options:

Time (frame): 222
[T i
Hb State: |Hboxy -

|.-‘-'«:-:ia| “iew [Top to Bottom) j

The Create Slice Animation function allows
you to generate an animation showing the
temporal  evolution of the displayed Change Display Grid |
hemodynamic variable in a selected 2D section

of the medium. Rescale Image |

Orthogonal Yiew |

Create Slice Animation

Click the Create Slice Animation button to

activate a set of crosshairs, as illustrated Overlay on MRI ImagE|
below:

-} ImageView (keith_datalnfo -> Original)
File Edit “ew Insert Tools Desktop ‘Window Help Others o

I
I
I

Display Options:

Titne (frare) | 222

! [ |
Hb State: :H'b.o>_<_y w
Axial Wiew (Topto Bottom) s

’ Orthogonal View ‘

I Change Display Grid ]

[ Rescale Image ]

I Create Slice Animation ‘

=
-

’ Overlay on MRI Image l I

]
]
1} |

-7.68e-008 9 34e-009 1.18e-007 ! o M

FEM Model:

uun-ii-iﬂ-

T [———
-

o e

o
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Simply place the crosshairs’ intersection point anywhere inside the desired section, and press the
primary mouse button to open a pop-up window titled ‘Specify Time Range for Creating Movie’.

ecify Time Range for Creating Movie

Starting Time:
[1

Ending Time:
| 828

k. Cancel

The default minimum and maximum values are 1 and the length of image time series, respectively. If
you want, you can specify different starting and ending time frames in the text fields. Then click the
OK button to show the animation, for the selected 2D section over the specified range of time frames.
Note that the animation may play in a continuous loop, but the frame counter stops after one complete
cycle.

} Show Movie E| |E||E|
File Edit Wiew Insert Tools Deskiop  Mindow  Help u
NedES k&M@ EODBE| 7
40 ' ' ' ' ' . ' S
25
a0
25
e,
= N &
10
5
5 10 1% 20 25 30 35 40

-32 -



NAVI User’s Guide

Data Viewing

Overlay on MRI Image

The Overlay function allows you to display a
specific NAVI-based image that overlays on an
MRI Image template. Currently, NAVI provides
this function only for the models included in its
brain model library. Otherwise, this function will
be disabled.

Click the Overlay on MRI Image button to
activate a set of crosshairs, then place the
crosshairs’ intersection point anywhere inside the
desired section, and press the primary mouse
button to open a child GUI for overlaying the
NAVI-based image onto a 3D MRI image

Display Options:

=»

Time (frame): | 222

< -+
Hb State: |Hboxy -

|.-‘-'«:-:ia| iew [Top to Bottam) ﬂ

Orthogonal View |

Change Display Grid

Rescale Image |

Create Slice Animation

Owerlay on MRI Image |

template.

Use the scroll bars to
adjust the transparency
of the fNIRS (DOT)

and MR images,
respectively.

Click the Label button
to label the brain
anatomy at a specified

point. \

Click the Export
button to save the
displayed image in a
user-specified format.

I

Use the scroll bar to
view overlays of
different fNIRS image\
slices onto the MRI
template.

) xyoverlay01

Overlay DOT Image on

N

Transparency

Time {frame): 222

Anatomy

A |

Radius (mm) |

10 |

Save Figure

o

Slice: hottom

=

MRI Image

Axial HbOxy

{ d

top
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Automated Anatomical Labeling

The Anatomical Labeling function allows you to label the brain anatomy of a small sphere, whose
default radius is 10 mm, centered at a user-specified position.

3 xyoverlayd EE®
Clle the Label button to Overlay DOT Image on MRI Image
activate a set Of CrOSShairS. Place Transparency Time (frame): 222 Axial HbOxy
the crosshairs over the point you s L
are interested in. Then click the ﬁ i
left button of mouse. -
\\ 070 oa
~_, Anatomy
| Label |
Radius tmm) 10 | - J‘ 'i“
You may change the sphere’s — | 3 uk -
radius by directly entering the 1 f‘v
value of radius in the “Radius”
field Save Figure
T
Slice: 22 botiom 4 A s
h._%:;-.\w:mtﬂ;t;*e —"E’EL@

The brain anatomy

. . Overlay DOT Image on MRI Image
information at the

position you selected. ansparency Time (frame): 222 Atal HbOxy

Dot RI
) Position: L Q|E|Ig|
170286 Y- 1279238 Z: 212 | .
- = Radius: 10 {mm] b
070 080 i

Frecential L 71%
Frontal_Mid L 29%
0%

Anatomy

Radius (mm) | 10 |

The position (blue dot)—

you selected, i.e., the ﬁ'

center of the small .

sphere. S
um—v
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Pixel Time Series View : :
Display Options:

Time (frame): 222

Beyond providing a GUI for viewing images one at < | o
a time, the NAVI Image View module also
Hb State: |Hboxy -

provides a GUI for viewing the temporal evolution

. . . . Aial View [Top to Baottorn -
of hemodynamic variables in selected image | e ) =

pixels. Orthogonal View |
PlacF: a mouse cursor on one of the 2D image Change Display Grid
sections in the View Hemodynamic Images parent

GUI and click the primary mouse button. This Rescale Image

used for viewing detector-channel Hb-state time Create Slice Animation
series. The default pixel has (x,y) coordinates
(20,20) on the specified slice. In the example
shown below no time series is displayed, because
the default pixel coordinates lie outside the
boundaries of the model wused for image
reconstruction.

action will open a child GUI similar to the one |

Owverlay on MRI Image

-} DataView by Image Time-Series -> keith_datalnfo ( Original)

File Edit ‘ew Insert Tools Desktop Window Help  Others ~
%107 Individual Time Series for the Specified Hemoglobin State(s) Selected Image Slice
T T T T T |—|b0}l(y Slice NU: R -
2+ 140 |
1t 430 1
Lot
=]
=
= 20 i
£ Or = h
4 g _
10 :
Al
L L
-2 1 1 1 1 1 [ & 20_. 30 o
100 200 300 400 500 600 Specify ROIG, YD | 20 20 | Z 23
Time Range (frame) | 1828 | | Specify by Graphics | [ Reset | [ Specify Pixel by Graphics
w10 The Corresponding PSD Frequency Series Image View Options
15+ 1 | @ Single Hy State
@ () Multiple Hb States
S 10r 1
=
E Other Views
5 L 4
[ view Group TS || Map ANTS
:(-Zorresponding to I.I.;.a.p;er Figure Data _v
0 01 02 03 04 05 06 07 08 09 1
Frequency (Hz) Save Time Series|
[ Scale Y-Axis [ Scale X-Azis ] [ Reszet ]
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The principal difference between the Detector View and Image Pixel View GUIs is that in the former
the source-detector geometry map is replaced by a small reproduction of the selected 2D section, with
controls for specifying which pixel’s time series (and corresponding PSD) to display:

Measurement Geometry Selected Image Slice

Source Mo: << 1 3 Slice Mo

40
[

E 022l Dz3 %@
pi§  01] D1 opig D 30

D11 p1d D1 D14 @ 20 __L%I
-
be| o7 bsf o 10
p1] 2| b3l b4 E | |
- 10 20 30 40
Wi viewing _ i

Specifty ROI(X, YY) | 26 19 | & 23
[T | ! _

I Specify Pixel by Graphics

Exclude Undesired Channel |

Detail from Detector Time Series Detail from Hemodynamic Image
Viewer GUI Viewer GUI

Specify Pixel by Graphics

This function allows you to specify the display pixel in the selected slice. Click the Specify
Pixel by Graphics button to activate a set of crosshairs. Place the crosshairs over any pixel of
the selected image slice in the upper right corner of the GUIL

) DataView by Image Time-Series -> keith_datalnfo ( Original)
File Edit Vew Insert Tools Desktop MWindow Help Others

1
w107 Individual Time Series for the Specified Hemoglobin State(s) Selected Imagle Slice
| T T T T T T St ae
40 T
e 730
o
=
E_nt N . Adon Mou |
i e
2 vy ] s
05k 10
L
g i 10 20 30 40
| ! | L 1 | }
100 200 300 400 500 600 Specify ROIOGY) | 26 13 | Z 23
]
Time Range (frame) | 1628 Specify by Graphics | [ Reset | | specity piel by Graphics
|
x 10 The Corresponding PSD Frequency Series Image View OFI‘iU"S
35T T T T T T T T T T
3L 1 | ® Single Ho State
] =i ) Muttiple He States
= dd
= T
E 151 1 Other Vie\n:rs
1 - 4
i [ view Group TS | [ Map AN TS
: L UI 2 _énrrespnmdingtu Llp.l.p-ar Figure Data v
0o 01 02 03 04 05 06 o7 08 09 1 |
Frequency (Hz) lin Upper Flgure “

[ scale v-Azis [ scate x-axis | [ reset | |
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Next, click the primary mouse button to display the chosen pixel time series and its PSD. The
following example shows these plots for a selected pixel, whose coordinates are (26,19,23).

As shown in the figure below, the location of the chosen pixel is labeled with a small white
square in the image section.

_ \ by Image Time-Series -> keith_ o ( Ori
File Edit Wiew Insert Tools Desktop Window Help Others ~
10 Individual Time Series for the Specified Hemoglobin State(s) Selected Image Slice .
= : ; ; White square,
Slice Mo: | 23 | . .
— showing which
image pixel is
selected
£
=
T
10 20 30 40
I I I I L I - .
100 200 300 400 500 600 seesityROl6, vy | 26 19 | z 22 €— Coordinates of
Time Range (frame) 1628 [ Specify by Graphics ] [ Reset ] ’ Specify Pixel by Graphics ] Se_leCted 1mage
_ _ pixel
i The Corresponding PSD Frequency Series Image View Options
35T T T T T T T T T T —]
3L | | @ single Hb State |-_;>..
@ 2y T 1 © mutipte Hb States
Z 2t 1
=
£ 15} 1 Other Views
'1 L 4
i [ View Group TS ] [ Map All TS ]
i LL‘l * |C0rresponding to Upper Figure Data vi
0 01 02 03 04 05 06 07 08 09 1
Frequency (Hz) [Saue Time SeriesJ!in Upper Figure v|
[ seale v-axis [ scale x-Axis | [ Reset |

As an alternative to the ‘Specify Pixel by Graphics’ crosshairs, the user can enter the
coordinates of a pixel directly into the ‘Specify ROI (X, Y)’ field.

40

30 .

20 l’& .

10 < .
. ,

-37 -



NAVI User’s Guide Data Viewing

As in the detector-channel display case, the image-pixel GUI allows you to produce a

simultaneous display of multiple hemoglobin states, for one pixel at a time. The following
figure shows an example of this capability.

J DataYiew by Image Time-Series -> keith_datalnfo ( Original)

EEX

File Edit Wiew Insert Tools Deskbop Window Help  Others
% 10'7 Individual Time Series for the Specified Hemoglobin State(s) Selected Image Slice
T T T T T T [ —
1l Hboxy || Slice Mo: ! % !
— Hbdeoxy || 40
| | | | — Hbtot |
05¢ || | | i
a I },- ! [ l|
E INiva N ﬁ
E. 0r i . \ | \ \ . ] i‘ -
< Y OATARA QLVATIN T T WLY ] P AN E
p WA T A |
05 1/
v
L 1
Ak ] 10 20 30 40
1 1 1 1 1 L
100 200 300 400 500 600 Specity ROICE, ¥ | 19 | I 23
Titne Range (frame) 1628 [ Specify by Graphics ] [ Reset ] ’ Specify Pixel by Graphics ]
<10 The Corresponding PSD Frequency Series Image View Options
35 T T T T T T T T T LE—
sl 1 | © Single Ho Stste | iy
@ 2 1 | @ Mutiple Ho States
= Al b
=
= g 1 Other Views
1l J
p TS Map Al TS
05F k )
i |C0rresponding to Upper Figure Data ¥|
0 01 02 03 04 05 06 07 08 039 1
Frequency (Hz) [Saue Time Series Ein Upper Figure  +
[ Scale Y-Axis ] [ Scale X-Axis ]

Note: A difference from the detector-channel display case is that the image-pixel child GUI
does not allow you to switch from one Hb state to another when the ‘Single Hb State’ radio
button is checked. To view time series for a different Hb state, you must return to the parent

GUL

Detector View Options

" Multiple Hb States

Enabled

Image View Options

" Multiple Hb States

Disabled
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Data Processing Info Viewer

The Data Processing Info Viewer module provides a GUI with the functionalities for displaying
information that has been previously recorded in a datalnfo file.

Load datalnfo| |Fom File System |

Yiew Detector Time Series |
Clicking the Data Processing Info Viewer [\Wavelength Dependence o]
button brings up a new GUI with eight named
push buttons and four pull-down menus, as
illustrated below. Clicking each of the push
buttons, (with or without a selection from the
pull-down menu, in the case of the right-side
buttons), allows you to viewing the categorized
datalnfo information identified by the name on
the button.

View Hemodynamic Images |

=P Yiew Data Processing Info |

J DatalnfoView

View Data Processing Info in datalnfo File

Outline ‘ Block Average Data ‘
|Detectnrs ﬂ

Raw Data | Multivariate Analysis |
|PCa =

Preprocessing ‘ Spectral Analysis |
|PSD |

Ewvent Analysis ‘

| Slope j

Reconstruction ‘

E xit
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Outline

This shows you an outline of the datalnfo file contents, which includes: the imager type and
experimental data group name; a listing of which data processing steps have and have not, so
far, been performed; and the folder path and name of the datalnfo file. Clicking on the Outline
button brings up a temporary text file called ‘diary’, containing the desired information. The

figure below shows an example of output file produced by this function.

B diary - Notepad g@@

File Edit Format ‘iew Help

| A
USER SPECIFIED dataInfo FILENAME IS: keith_datainfo.mat

USER SPECIFIED VIEW OPTION IS: Outline wiew

INTRODUCTION: THE CONTENTS DISPLAYED IN THE TEXT FILES ARE EXTRACTED FROM THE USER_SPECIFIED
datainfo FILE ACCORDING TO THE USER_DEFINED VIEW OPTION, IN WHICH,
1. Imager Type : 1 - Brain; 2 - Breast; 3 - Rat; 4 - Limb; 5 - Baby; & - Phantom; 7 - Pigs
2. Data Type : 1 - Detector Data; 2 - Image Data
3. Hemoglobin State : 1 - Hboxy; 2 - Hbdeoxy; 3 - Hbtot; 4 - HbOZSat

DESCRIPTION: The outline Vview option provides users the general information stored in
the user-specified datainfo file that has been created during
the application of the NAVI Software Package.

peginning of search rResults

datainfo =

ImagerType:
BatchProcessing:
FilteringProcessed:
CVProcessed:
NormalizationProcessed:
ReconstructionProcessed:
PCA_SavedResults_N:
MSA_SavedResults_N:
Ica_savedrResults_N
GLM_savedresults_N
P5D_SavedResults_N
C€sD_savedResults_N
COH_savedResults_N:
COR_savedResults_N
slope_savedresults_N
Delay_savedResults_N
Area_savedResults_N
BAIs_SavedResults_N:
BADs_SavedResults_N:
RawDataInfo: [1xl struct]
PreProcessing: [1x1 struct]
Reconstruction: [1x1 struct]
datainfo_file: [1x52 char]

CO0000000000OHREHEHEOR

datainfo_file =

C:\NavIZpliworkh left_motor_cortex‘\keith_datarInfo.mat

End of Search Results v

The meaning or significance of the items included in this window is:

“ImageType: 17 — the target medium was a human brain
“FilteringProcessed: 1" — the detector data have been frequency filtered.
“CVProcessed: 1 — baseline CVs have been calculated, and have been used to exclude
noisy data channels from further processing

“NormalizationProcessed: 1" — the detector data have been normalized
“ReconstructionProcessed: 1” — hemoglobin-state images have been reconstructed

“PCA_SavedResults N: 0" —no recorded results for PCA (Principal Component Analysis)

“MSA_SavedResults N: 0” — no recorded results for MSA (Molgedey-Schuster Analysis)

“ICA_SavedResults N: 0” — no recorded results for ICA (Independent Component Analysis)

“GLM SavedResults N: 0” — no recorded results for GLM (General Model Method)
“RawDatalnfo: [1x1 struct] ” — data structure used to store raw data information
“PreProcessing: [1x1 struct]” — data structure used to store data preprocessing information

“Reconstruction: [1X1 struct]” — data structure used to store image reconstruction information
“datalnfo_file: [1x52 char]” — a string used to identify the name and location of the datalnfo file
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Raw Data

Activation of this function displays information pertaining to the quantity of data collected and
the measurement rate: how many wavelengths, source fibers, and detector fibers were used;
total number of time frames, and number of frames per second; the folder path and names of
the DYNOT-generated files in the experimental data group. Also identifies the geometry
model used for image reconstruction, and contains a table indicating which optical fibers were
used as both a source and a detector, and which were detector-only. Click the Raw Data
button to get the following information:

[ diary - Notepad
File Edit Format View Help

-~
USER SPECIFIED dataInfo FILENAME IS: keith_dataInfo.mat 3
USER SPECIFIED VIEW OPTION IS: Raw Data Info
INTRODUCTION: THE CONTENTS DISPLAYED IN THE TEXT FILES ARE EXTRACTED FROM THE USER_SPECIFIED
dataInfo FILE ACCORDING TO THE USER_DEFINED VIEW OPTION, IN WHICH,

1. Imager Type : 1 - Brain; 2 - Breast; 3 - Rat; 4 - Limb; 5 - Baby; 6 - Phantom; 7 - Pigs

2. Data TyEe : 1 - Detector Data; 2 - Image Data

3. Hemoglobin State : 1 - Hboxy; 2 - Hbdeoxy; 3 - Hbtot; 4 - Hbo2sat

DESCRIPTION: The Raw Data View option provides users the Raw Data information stored in
the user-specified dataInfo file that has been generated during the first use
of the NAVI software pPackage for a particular user-specified measurement.

Beginning of Search Results

RawDataInfo:

samplingRate: 2.1500
waveLength_N: 2 B
source_N: 25
detector_N: 25
channel_N: 650
time_point_N: 628
raw_data_files: {4x1 cell}
source_detector_key: [25x2 double]
gain_setting_file: 'C:\Navizplwork'left_motor_cortex\keith.set’
ModelFilePath: 'C:\NAvVIZpl\models‘brains‘\Left_Motor_Cortex\525D25\"

<> raw_data_files: shows the Tocation and the file names for wavelength-dependent Raw Data sets.
'C:\NAVIZpl\work'left_motor_cortex\keith.wll’
'C:WNAVIZpliwork' Jeft_motor_cortex\keith.wl2’
'Ci\NAVIZpl\work' left_motor_cortexkeith.set’
'C\NAvIZpliwork' Teft_motor_cortexkeith_config. txt’
<> source_detector_key: shows the relationship between detector-index and source-index.

D-Index S-Index
1

1

2 2
3 3
4 4
5 5
6 6
8 &
9 9
10 10
11 11
12 12
13 13
14 14
15 15
16 16
18 18
19 19
20 20
21 21
22 22
23 23
24 24
25 25

end of Search Results
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Preprocessing

This displays information pertaining to the frequency-filtering and normalization operations
applied to the detector data: filter type, cutoff frequency, width of roll off, and size of filter
window; the threshold for the baseline CV computation; the reference signal used for
normalization; the folder path and names of the NAVI-generated processed detector-data files.
Also contains a table indicating which source-detector combinations are excluded from
subsequent processing steps. Click the Preprocessing button to display the following
information.

B diary - Notepad

File Edit Format View Help

| ~
USER SPECIFIED dataInfo FILENAME IS: keith_datarnfo.mat q

USER SPECIFIED VIEW OPTION IS: PreProcessing

INTRODUCTION: THE CONTENTS DISPLAYED IN THE TEXT FILES ARE EXTRACTED FROM THE USER_SPECIFIED —
datarnfo FILE ACCORDING TO THE USER_DEFINED VIEW OPTION, IN WHICH,

1. Imager Type : 1 - Brain; 2 - Breast; 3 - Rat; 4 - Limb; 5 - Baby; 6 - Phantom; 7 - Pigs
2. Data Type : 1 - Detector Data; 2 - Image Data
3. Hemoglobin state : 1 - Hboxy; 2 - Hbdeoxy; 3 - Hbtot; 4 - Hbo2s5at

DESCRIPTION: The PreProcessing View option qrmvides users the Detector Preprocessing information stored in
the user-sepcified dataInfo file that has been generated during the use of Filter Data and
Normalization Modules.

Beginning of Search Results

PreProcessing:

SetFilterParameterProcessed: 1
filter_parameters: [1xl struct]
filtered_data file: [1x55 char]
oodChannels: [650x5 double]
good_channel_index: [1x596 double]
Cv_parameters: [2x650 double]
normalized_data_file: [1x57 char]

<> filter_parameters: shows the user-defined parameters used for the detector preprocessing.

filter_type: { BAND_PASS'}
SamplingRate: 2.1500
cutoff_frequency: [0.0200 0.3000]
widthdrop: [15 15]
cv_threshold: 25
V_baseline_segment: [2x1 double]
normalization_type: 3
baseline_segment: [2x1 double]
detrend_option: 0
detrend_params: []
filter_length: 100

<> Baseline time segments selected in frames (columns 1&2) and in seconds (columns 3&4)
baseline_segment =

B | 54 0 25

<> normalized_data_file: shows the location and file name for the filtered-normalized detector data sets.

C:\NAVIZpl\work'Teft_motor_cortex‘\Detectors\n_f_keith. Nav

<> goodchannels: shows the useful information for source-detector channels used for the experiment.

5 D C-all c-good C-flag
1 1 1 0 0
1 2 2 1
1 3 3 2 1
1 4 4 3 1
1 5 5 4 1
1 ] 6 5 1
1 7 7 [ 1
1 g g 7 1
1 9 ] & 1
1 10 10 1
25 i7 617 589 1
25 18 618 590 1
25 19 819 591 1
25 20 620 592 1
25 21 621 593 1
25 22 622 594 1
25 23 623 595 1
25 24 624 596 1
25 25 625 0 0
25 26 0 0 0

End of Search Results
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Reconstruction

This displays information related to the process of image reconstruction from the detector
data: the number of images reconstructed, and the starting and ending time frames; dimensions
of the interpolation grid; the number of singular values retained and the corresponding
cumulative percentage of the singular-value sum. Also contains a table indicating the
minimum and maximum values, over all time frames and FEM mesh nodes, of the
reconstructed hemodynamic variables.

I diary - Notepad |Z”E|[g|
File Edit Format View Help
| ~
USER SPECIFIED dataInfo FILENAME IS: keith_dataInfo.mat 3
USER SPECIFIED VIEW OPTION IS: Reconstruction
INTRODUCTION: THE CONTENTS DISPLAYED IN THE TEXT FILES ARE EXTRACTED FROM THE USER_SPECIFIED
dataInfo FILE ACCORDING TO THE USER_DEFINED VIEW OPTION, IN WHICH,
1. Imager Type : 1 - Brain; 2 - Breast; 3 - Rat; 4 - Limb; 5 - Baby; 6 - Phantom; 7 - Pigs
2. Data TyEe : 1 - Detector Data; 2 - Image Data
3. Hemoglobin State : 1 - Hboxy; 2 - Hbdeoxy; 3 - Hbtot; 4 - HboO2sat
DESCRIPTION: The Reconstruction View option provides users the Image reconstruction information stored in
the user-specified datainfo file that has been generated during the use of Reconstruction Module.
Beginning of Search Results
Reconstruction:
image_N: 628
startTimepPoint: 1
EndTimePoint: 628
maxTimePoint_N: 512
repeating_N: 1
restTimePoint_N: 116
NodeCoordinate: [5460x4 doublel]
TSVD_N: 54
sv_CP_used: 97
imagescale: [6x2 double]
reconstructed_img_file: {ix4 cell}
Grid_DIM: [40 40 40]
Grid_Lib_N: 1
SetReconstructionParameterProcessed: 1
ModelGeometrysize: [3x2 double]
<= imagescale: shows the minimum and maximum values for Hboxy and Hbdeoxy image series.
Min Max
-1.9785e-007 2.571e-007
-1.5673e-007 1.7871e-007
-1.2052e-007 1.8791e-007
0.6817 0.6943
-0.00033808 0.00040142
-0.00030587 0.00046487
<> ModelGeometrysize: shows the minimum and maximum cordinates for model geometry.
Min{cm) Max{cm)
12.7376 21.0186
3.2B478 23,4385
17.4028 25.2932
<= reconstructed_img_file: sthe loacation and the file names for Hboxy and Hbdeoxy image sets.
'Cr\NAavIZpl\work' left_motor_cortex'\Images'i_n_f_keith_hboxy.Nav’
'C\NAVI2pltwork' left_motor_cortex\Images'i_n_f_keith_hbred. Nav®
'Cr\NAVIZpl\work' left_motor_cortex'\Images'\i_n_f_keith_wll.nav’
"CIA\NAVIZplhwork' left_motor_cortex\Images'i_n_f_keith_wl2. NAV®
end of search Results 3
bl
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Block Average Data

The Block Average Data push button, combined with the data type option, is designed to
display information related to the results derived from Data Generation module in the Data
Analyzer portal. You can get the desired information presented in a text file called “diary” by
clicking the Block Average Data button. You can also find a similar operation that achieves
the same goal in the Data Generation module (see Chapter 7: Block Averaging).

Multivariate Analysis

The Multivariate Analysis push button, combined with its analysis-option function (PCA,
MSA, ICA and GLM), is designed to display information related to the results derived from
the Multivariate Analysis functions in the Data Analyzer portal. Click the Multivariate
Analysis button to get the specified information. You can achieve the same goal by using a
similar function built into the Multivariate Analysis module (see Chapter 8: Feature
Extraction).

Spectral Analysis

The Spectral Analysis push button, combined with its analysis-option function (PSD, CSD,
Cross Correlation and Coherence), is designed to display information related to the results
derived from the Spectral Analysis functions in the Data Analyzer portal. Click the Spectral
Analysis button to get the specified information. You can also achieve the same goal by using
a similar function built into the Spectral Analysis module (see Chapter 8: Feature Extraction).

Event Analysis

The Event Analysis push button, combined with its analysis-option function (Slope, Time
Delay, Area under the Curve), is designed to display information related to the results derived
from the Event Analysis functions in the Data Analyzer portal. Click the Event Analysis
button to get the specified information. You can also achieve the same goal by using a similar
function built into the Event Analysis module (see Chapter 8: Feature Extraction).
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Block Averaging

Introduction

This section describes how to generate block-averaged data sets, using tools and modules built into the
Data Analyzer portal of NAVI. Note that even if you do not want to block-average a given set of time
series, it is necessary to carry out the following sequence of steps in order to enable use of the
functionalities in the Feature Extraction module (Chapter 8).

Data Analyzer
Load datalnfo Fram File Spstem -

Data Type Specification

|Image ﬂ| Hbowxy ﬂ

Data Generation

Feature Extraction

| Multivariate Analyzis ﬂ

PC& -
[ sme

Step 1: Click the Load datalnfo button in the Data Analyzer portal, then specify and load a datalnfo file.
This action will enable the Get Dataset for Analysis button.

Load datalnfo | IFlom File System -

Data Type Specification

|Image ﬂ|Hboxy j

Data Generation

Get Dataset for Analysis |

Feature Extraction

|Multivariate Analysiz j
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Step 2: Specify a data type in the Data Type Specification panel, using the pull-down menus illustrated
in the following figure, before attempting to generate block-average data.

Data Type Specification:

| Irnage ﬂ | Hbzsy ﬂ

| Image ﬂ

Detect-:ur

Step 3: Click on the Get Dataset for Analysis button in the Data Generation panel, which will open the
dialog window illustrated in the following figure. Specify the time range of interest (units are
measurement frames), whose default value is the entire time period for the specified data set.

) Specify time frame rang for data generation [ZI[EI[EI

Starting time (frame:
[ |

Ending time (frame]:
628 |

I Ok l [ Cancel ]

Following this, click on the OK button in order to open a data-type-dependent child GUI (examples are
shown in the following section). The child GUI contains functionalities that allow you to view the

specified original data and to define, confirm and save new, block-averaged data sets that can be used for
further feature extraction.
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GUI for Image Selection

Illustrated below is the GUI that is associated with selection of the ‘Image’ data type. In this figure,
colored rectangles are used to delineate the major components of the GUI, which are described in the
following pages.

J Block Avearge G ixed Keith_FT8-25by8_SD26NR_datalnfo

Block Average Images Generator

New Block Segment Specification

{+ Tupe thraugh K.evbaard | :292:292 |seconds j

" Specify through Event File [ ewt]
[~ Reset

" Specify Graphically Using Mouse

Amplitude

0 50 100 150 200 250

RN REEEANRRRRRRANNNRREERRANRREERRAAEEEERRERREER

View Existing Block Averaged Results |

Yiew | IndividualBlockhvelagelmagej
I Confirm |

Close
" Save & Mot Save 4'

& Parameter Info " View Result I 2

Mate: 2 saved results are determined.

E ew result will be labeled az 3 if it is saved,
.

"sssssEssEssEEEEEEEEEEEE
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View the original information: The components in the RED region are designed to allow you to view
information associated with original data set and with the block segments that you will specify. The
figure on the right side is the FEM model used for image reconstruction. The figure on the left side
contains a plot of the spatial mean time series (amplitude vs. time) of the selected hemodynamic variable,
averaged over the originally specified data set.

Define a new block average data set: The components in the YELLOW region are designed to specify
the parameters (e.g., starting time, ending time, block size) of a new block-averaged data set. Three
methods are provided for you to define the new block average; use the three radio buttons to select the
method that you want to use. The default option is Type through Keyboard, with a single block
segment, defined as the entire time series, specified.

Specify and view an existing block average data set: The components in the GREEN region allow you to
examine and view any previously generated and saved block-average results.

View, save and confirm a block average data set: The components in the BLUE region are designed to
view, save or confirm a desired block average for uses of further data analysis. Initially, the plotted
curves in the blue and red regions are the same; this is a consequence of the default setting described
above (i.e., one block segment, consisting of the entire time series).

Methods for Specifying Parameters of a New Block Average Data Set

NAVI provides three options for block average specification through three radio buttons, which are

=  Type through Keyboard
= Specify through Event File (.evt)
= Specify Graphically Using Mouse

Each of these is appropriate to certain circumstances and experimental protocols, and you will select the
one that fits your needs.

Type through Keyboard

This option is designed primarily for the case where a stimulus is repeatedly applied or a task is
repeatedly performed during the course of a measurement, with a fixed time course and amplitude for all
repetitions. The derived block-average data is the average of all applied stimulus or task episodes.

Please take the following steps to generate a block average data set:

1. Select the time unit using the pull-down menu located in the same row as the Type through
Keyboard radio button. In the example shown on p. 3, the specified time unit is ‘seconds’.

2. Type a string with format ‘starting_time: time__ interval: ending_time’ in the text field next to the
time-unit pull-down menu. For example, ‘25:31:289" means that, starting at 25 seconds and
ending at 289 seconds, sequential 31-second time intervals are marked off.

3. Press the Enter button on your keyboard to start the block averaging computation.

The following figures show the results for the preceding block average generation, which is based on a
experimental data set collected by a UTA research group led by Dr. Hanli Liu.
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Time interval

Starting time (25
seconds)
\

Spatial mean of
the block

~

|

(31 seconds)

LX)

Block Average Images Generator

FEM

Amplitude

= Spatial Mean Time Series for Orig
T

inally Sgecified Hboxy Images
T

100

150
Time (second)

Block Average Results

250

New Block Segment Specification

% Type thiough Keyboard | 25:31:289 Jsecnnds - |

\
¢ Specity thiough Event Fie (ev!) ™
I™ Reset
" Specify Graphically Using Mouse
Mew result will be labeled as 3 it it ie saved.

5 L L L L L
0 5 10 15 20 25
AT RN R R RN AN AN E RN AN AR AR R AR
n
] View IIndeuaIBIDckAverage\mage;l L —

Existing Block Average Results

View Existing Block Averaged Results |

" Save

Save Options

" Wiew Result Fi

Note: 2 saved results are determined.

* Parameter Info

+ Mot Save

Ending time

/@89 seconds)

. Time in
seconds

The figure below shows the same result with time expressed in units of frames.

J Block Avearge GUI - fixed_Keith_FT8-25by8_SD26NR_datalnfo

Block Average Images Generator

10

20

%10 Spatial Mean Time Series for Originally Specified Hboxy Images FEM Model
T T T T T T
@
=
=
=
E
ES
1 1 L 1 1
100 200 300 400 500 600
Time (frame)
Block Average Results New Block Segment Specification
-10
1020 % Type through Keyboard | 5457521 lmv|\
- " Specify through Event Fils [.evt)
3 1 I~ Reset
= " Specify Graphically Using Mouse
g |
New result will be labeled as 3 ifitis saved
-5 1 1 1 1 1 1

30 40

Existing Block Awverage Results

View |Ind|wdua| Block Average Imagej

Confirm

V¥iew Existing Block Averaged Results |

™ Save

Sawve Options

" Parameter Infa " View Result 2

Close

(¢ Mot Save Hote: 2 saved results are detemined

[/

R_Time in

frames
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Specify through Event File (.evt)

This option is designed primarily for the case where the stimuli applied during a measurement session
have been recorded in a DYNOT- or NIRScout-based event file during data collection with the following
format:

frame no pinl pin2 pin3 [pin4d pin5 pin6 pin7 pin8

54 0 0 1 0 0 0 0 0 Event starts with 1 in pin3
56 1 0 0 0 0 0 0 0 continue

121 1 0 0 1 0 0 0 0 Event ends with 1 in pin4
121 0 0 1 0 0 0 0 O Event starts with 1 in pin3
123 1 0 0 0 0 0 0 0 continue

188 o o 0o | 1 0 0 0 0 Event ends with 1 in pina
188 0 0 1 0 0 0 0 0

120 1 0 0 0 0 0 0 0

255 1 o o | 1 o o 0o o

255 0 0 1 0 0 0 0 0

157 1 0 0 0 0 0 0 0

322 1 0 0 1 0 0 0 0

322 0 0 1 0 0 0 0 0

224 1 0 0 0 0 0 0 0

9 o o o | i1 o o 0o o

389 1 0 0 0 0 0 0 0

391 1 0 1 0 0 0 0 0

456 o o o0 |12 o o 0o o

456 1 0 1 0 0 0 0 0

458 1 0 0 0 0 0 0 0

523 0 0 0 1 0 0 0 0

Please take the following steps to generate a block average data set:

1. Specify the time unit using the pull-down menu described above.

2. Select the Specify through Event File (.evt) radio button to bring up a new window, which
displays the spatial mean time series over the originally specified data set, with the starting and
ending times of the block segments extracted from the event file indicated. The same window
also shows the values of the block segments in a text field. You may add, delete or modify the
extracted block segments in the edit text field, if necessary.

3. Click the Finish button to start the process of block average data generation. After a successful
completion, a new block average data set with the defined block segments will replace the
previous one to be shown on the main GUI.

The examples presented below illustrate the preceding process for a block-average generation derived
from an experimental data set and a manually generated event file.
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) Block Avearge GUI -> left_motor_cortex_datalnfo

Amplitude

Amplitude

Block Average Images Generator

Spatial Mean Time Series for Originally Specified Hboxy Images
T

FEM Model

L e a4

x 10

100

Block Average Results

200 300 400 500
Time (frame)

Select time in

{¥,

™ Specify Graphically L=

M result will be labeled as

New Block Segment Specification
™ Type through Keyboard frames - ‘/

ecify through Event File [Levt]

[~ Reset

T

if it is zaved.

frames

100

200

300 400 500 600

T sSelect the Specify

View Individual Block &verage Image -
4 | J Confirm

Existing Block Average Results

View Existing Block Averaged Results |

Save Options

" Save

Close
&+ Mot Save

{+ Parameter Info

" Wiew Result 0

Mote: 0 saved result is determined.

through Event
File (.evt) radio
button

Hboxy

) baGraphiclnputByFile

Time segments extracted
from the event file

x 10 ptial Averggt
T T \ T
A
f £
| Y
| | | | | |
100 200 300 400 500 600
Time (seconds)
Time blacks from event file : | [54 121;121 188;188 255; 255 322: 322 389: 389 456; 456 523; 523 530 Finish
A

Values of the extracted block
segments, which can be modified.

Click Finish to verify the
specification.
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‘n -— I e R eiar b datalafia »Blg‘a_‘i
Block Average Images Generator
<108 Spatial Mean Time Series for Onginally Specified Hboxy Images FEM Model
2 i\ ‘J’RL
g
A ¥ F e
I : =
100 200 300 400 500 600 ;
Time (frame)
The block-
average result Block Average Results New Block Segment Specification
for the specified € Tope tioughKepboard | 1 [tomes <]
bIOCk Segments " Specify through Event File [.evt] =
ezt

" Specify Graphically Using Mouse

Mew result will be labeled a3 1 ifitis saved.

10 20 30 40 50 60

Existing Block Average Results

View Ilndividual Block &verage Imagsj
Confirm

Yiew Existing Block Averaged Results |

Save Options * Parameter Info T View Result 0

Close

" Save ® Mot Save Mate: 0 saved result is determined.

Specify Graphically by Mouse

This option is designed primarily to allow you to define arbitrary block segments. The sequence of steps
to follow in order to use this option are:

1. Specify the time unit using the pull-down menu described above.
2. Select the Specify Graphically by Mouse radio button to bring up a new user interface, which
provides the functions and tools for you to specify, edit or clear block segments.

3. Click the Finish button to start the process of generating the specified block-average data. After
successful completion, a new block-average data set with the defined block segments will replace

the one previously displayed in the main GUI.

The examples presented below illustrate the preceding process of block-average data generation
associated with a deoxyHb image time series derived data collected from a dynamic human head

phantom.
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) Block Avearge GUI -> frontalCortex_datalnfo

Block Average Images Generator

-10 Spatial Mean Time Series Cver Originally Specified Hbdeoxy Images FEM Model

x10
T T T T . B
10 3
E & : | Ty
2 ) o
E -
< 0 ’ I ;
b
£ I I 1 ¥ ‘* ;
0 500 1000 1500 2000 Te—
Time (s)
Block Average Results New Block Segment Specification
10
x10 . . . . ™ Type through Keyboard | |frames j
10 . .
@ " Specify through Event Fils [.evt]
3 s} [~ Reset
= * Specify Graphically Using Mouse
g0
5| Mew result will be labeled as 1 if it iz saved.

0 500 1000 1500 2000

Existing Block Average Results

View | Individual Black Average Imageﬂ
Confirm

View Existing Block Averaged Results |

The default main
GUI for the
specified datalnfo
file, with deoxyHb
images selected.

Save Options f* Parameter Info " Wiew Result a
Cloze
» oz + MotSave Q Mote: 0 saved result is determined.
The GUI used for block-average specification with The number of specified
Specify Graphically by Mouse selected. block segments

J baGraphiclnputByMouse

Block Speciffcation
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Tirme Block/Mo
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= 5 Specih
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o
=
T
0
Clear
255
| I ! I I 1 !
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Specified Time blocks: | [57 B03:1420 1989; 2804 336E] Finish

[~

Clicking this function
allows you to specify a
new block segment.

Clicking this function
allows you to delete an
existing block segment.

The text field used to edit the selected block segments. CIicI-<ing this function
confirms a block segment

specification.
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The block average result
derived by using the
Specify Graphically by
Mouse option

) Block Avearge GUI -> frontalCortex_datalnfo

Amplitude

Amplitude

Block Average Images Generator

0

x 107" Spatial Mean Time Series for Originally Specified Hbdeoxy Images

FEM Model

1 1
1500 2000 2500
Time (frame)

1
1000

I
500

Block Average Resulis

Il Il
3000 3500 4000 —

New Block Segment Specification
" Type through Keyboard frames i

(" Specify through Event File [ewt]
[~ Reset

+ Specify Graphicaly Using Mouse
.

Mew result will be labeled as iFitiz saved

100 200 300 400 500

View Individual Block Average Image
J ‘ J Confirm

Save Options

Cloge

" Save & Mot Save

Existing Block Average Results

View Existing Block Averaged Results |

o

(¥ Parameter Info " Miew Result

Mate: 0 saved result is determined

How to View a Block-Average Result

There are two ways to view a block-average result, using the functions in the Block Average Results

section of the GUI.

1. View the spatial mean block-average result (default option), as shown below.

Amplitude

Block Average Results
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2. View either the individual images in the block-average result, or the mean image averaged across
the entire block. Use the pull-down menu next to the View button to select an option, as
illustrated in the following figure:

Yiew |Inu:|iviu:|ua| Block Awerage Imagej
Confirm |

Temporal Mean of Block Awerage |

Sawve Options

Close
™ Save v Mot Save

Clicking on the View button with the Individual Block Average Image option selected brings up the
following child GUI:

-) |left_motor_cortex_datalnfo -> ImageView (Indivadual Block Average Images)

File Edit View Insert Tools Window Help Others

Display Options: Use the slider to
Time rame) |1 yiew in(_jividual
il images in the block

}l_‘ Hb State average data set.
Axial Viewe (Top to Bottom)  w
;
Jm
1-
i hairs, then place the
crosshairs’  intersection
J
! laying the NIRS image
» _ onto a MR image tem-

= point anywhere inside the
plate.

Click the Overlay on
T MRI Image button to

| CEn Modal desired section, and press
= the left mouse button to

: activate a set of cross-
i open a GUI for over-

SRS
It

-1.01e-008 9.01e-010 1.46e-003
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Use these sliders to adjust the transparency of
the NIRS (DOT) and MRI images,
respectively.

) xyoverlayD1

Dverlay DOT Image on MRI Image

Time 1 Axial HhOxy
Transparency
DT ™M
0.0 0.a0

2

1

@

Save Figure

=] v

(keith_datalnfo -= Indivadual Block &verage Images)

| Close]| | Slice: 22  bottom 4| | d

|

Click the Export button to
save the displayed image with
specified format.

top

Move the slider to see an overlay of
different optical image slices onto the
MR image template.

Similarly, clicking the View button with the Temporal Mean of Block Image option selected brings up
the following GUI:
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7 ImageView (keith_datalnfo -> Temporal Mean of Block Average Images) = -
Elle Edt Vew Insert Tools Desktop ‘Window Help Others £

Display Options:

Time (frame) 1‘ : h_ ThEre iS On!y One
image in this case.

Hb State:
Azial Yiew (Topto Bottom)  w

Click the Overlay on MRI
Image button to activate a

set of crosshairs, then place
the crosshairs’ intersection

point anywhere inside the
desired section, and press
the left mouse button to
TN open a GUI for overlaying

AT
s @S  'm.
L

image template.
-3.83e-002 4.44e-003 1.48e-008 LS »

[Loveriay on MRt image

Overlay on MRI

How to View Previously Generated Block-Average Results

Existing Block Awverage Results

View Existing Block Averaged Results | IGraphicaIIy - I
{* Parameter Info " iewe Result I 1

Mate: 1 saved rezult iz determined.

NAVI automatically determines and displays the number of existing (i.e., previously generated) results
whenever you launch the Data Generation GUI. If saved previously generating results are found, a text
note will tell you how many such results there are.

To view previously generated results, select either the Parameter Info or View Results radio button, and
type a desired result number in the text field next to the View Result radio button. If Parameter Info is
selected, then clicking on the View Existing Block Average Results button opens a new text file that
contains the information regarding the parameter settings for all existing results, including the one you
have specified. If View Result is selected, clicking on the View Existing Block Average Results button
displays the specified existing block average result in the main GUI.
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How to Confirm and Save a Block-Average Result

View |Tem|:u:|ra| Mean of Block .ﬁ.verej
Confirm

Sawve Options

Close
™ Save (+ MatSave

For a newly generated block-average result, ‘Not Save’ is NAVI’s default setting. If you prefer to save
the result into the local NAVI database, you should select ‘Save’ instead of ‘Not Save’. Then the results
will be automatically saved, and the relevant components on the main GUI will be updated to show the
changes. You can view any saved results as described above.

If you want to use a block-average data set for further data analysis (e.g., for correlation analysis or GLM,
as described in Chap. 8), simply click on the Confirm button shown in the upper right corner of the
preceding figure. This will automatically close the main Block Average Images Generator GUI, and will
enable the Feature Extraction modules. A previously generated block-average result also can be
confirmed for use with the feature-extraction modules. Note that it is not necessary to save a block-
average data set in order to confirm it.
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GUI for Detector Selection

If you select ‘Detector’ in the Data Type Specification module (see p. 2), clicking on the Get Dataset
for Analysis button brings up the following GUI:

J Block Avearge GUI - fixed_Keith_FT8-25by8_5D26NR_datalnfo

Block Averaged Detector Signals Generator
S-D Geometry

x10° Original Source-Detector Pair Time Series for Hboxy Detector Signals SowceMNo: | 1

oti| o1z 019 p4org
o6 or] B8] o5l
o] [ [z oz

Amplitude

(SO = (CT -

0 50 1[IJU 1%0 2[I]0 2;0 jj j

Time (second)

Block Average Results R
10" New Block Segment Specification
6F f* Type through Keyboard 0:292:292 |seconds j
@ 4r
E 2l " Specify through Input File  Reset
E 0
E i~ Specify Graphically Uszing Mouse
-2
L . L L " Mew result will be labeled as 1 itis saved.
0 50 100 150 200 250
| View Block Averaged Detector Map | Existing Block Awveraged Results
|with a specified source j Confirm
4 View Existing Block Averaged Results |
Result Save Options (+ Parameter Infa " Wiew Result ]
Cl
" Save &+ Mot Save o%e
Mote: 0 saved result is determined.

The GUI for detectors is similar to one for images, but it has some important differences.

Difference 1: In the upper right corner, the FEM Model image is replaced by S-D Geometry and a
display of the detector array. Using the tools in the S-D Geometry module (the slider, detector buttons
and the text field, whose operations are the same as those described in Chap. 6), you can view the time
series associated with any source-detector pair by clicking on the numbered buttons to specify a detector
and typing a source number in the text field, or by moving the slider.

Difference 2: In the Block Average Results panel, the functions used for image viewing have been
replaced by ones used for a generating colored contour surfaces that summarize the detector responses
(see p. 17). The differences between the image and detector Block Average Results panels are illustrated
in the following figures:
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Functions for detector view Functions for image view

View Block Averaged Detector Map | Vi |T M § Block &
1 iew emporal Mean of Block Awverz =
with a specified source - Confirm Confirm

with a specified source
with all sources
Save Options

Result Save Options
Close Close

" Save f* Mot Save

" Save ¢ Mot Save

The following figure shows a block-average result for the specified detector data set, using the same
block parameters as were used for the corresponding image data.

Time series related to source 1 and detector 13

) | Block Avearge GUI - » fixed_Keith_FT8-25by8_SDZ6NR_datalnfo
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4t j j j j j &+ Type through Keyboard 25:31:286 seconds v
@
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g ol S pecify thraugh Input File ™ Resel
(=9
E ™ Specify Graphically Using taow:
ot
1 L L L L h Mew result will be labeled az 1 it is saved.
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/
__ View Block Averaged 03}4'3"" Map | Existing Block /Averaged Results
|with a specified source j Confirm
Q View Existing Block Averaged Results |
Result Save Options + Parameter Info " View Result il
" Save ' Mot Save M
Mote: 0 saved result f determined.

/ /
/ /
Block average time series related to source 1 and
detector 13, based on the specified block segments.
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Block Averaging

View Block Average Detector Map with a single source (Source 1) specified

mEE

Use the slider to

Block Averaged Detector Surface Map
x 10
2
1
0
-1
2
Time [z): 12 j_| _DJJ:

View Block Average Detector Map with all sources
(i.e., averaged across all source locations)

J DetectorMappingVYiew

File Edit View Insert Tools Window Help

Block Averaged Detector Surface Map

Tmelr [ 12 j J

FEX

select a time frame

Use the slider to

select a time frame
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Feature Extraction

Introduction

The current NAVI package has three Feature Extraction modules (i.e., Multivariate Analysis, Spectral
Analysis and Event Analysis) that apply mathematical functions to a user-defined block-averaged data set
in order to extract its intrinsic features. They become enabled only after you confirm a user-defined
block-average data set through the GUI of the Data Generation module.

You can access each of these modules through the NAVI main screen, as shown here.

Feature Extraction Multivariate &
Spectral Analyziz

Event Analysis

Set Parameters IMurtivariate Analysis j

Start IF‘C.E-. |

Multivariate Analysis: This module provides a suite of functionalities—PCA, MSA, ICA and GLM. You
can use them for estimating the number of distinct physiological rhythms or event-related responses, and
for determining their spatial distributions, within a specified set of time series data.

Spectral Analysis: This module provides a suite of functionalities—PSD, CSD, Coherence, and Cross
Correlation. You can use them for identifying the frequency structure of a specified set of time series
data, and for determining the spatial distributions of spectral features.

Event Analysis: This module provides a suite of functionalities—Slope, Time Delay and Area under
Curve. You can use them for identifying the rate and magnitude of event-related responses in a set of
time series. These types of information are important in, for example, studies of functional connectivity
between different regions of tissue.
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Multivariate Analysis

Feature Extraction

Set Parameters IMurtivariate Analysis j

Start IPC.-'i'-. —+

The “Multivariate Analysis” module contains three components:

= Function Specification (a pull-down menu)
= Set Parameters for (a push button)
= Start (a push button)

Function Specification
Use the pull-down menu to specify an operation, which can be PCA, MSA, ICA, or GLM.

PCA — This function performs principal component analysis (PCA) on the specified data set or
on a user-specified subset of the data. The displayed results include the time courses and spatial
distributions of the derived principal components.

MSA — This function takes a user-selected subset of principal components as its input, and then
performs an extended temporal decomposition, with the algorithm of Molgedey and Schuster (M-
S). The displayed results include the time courses and spatial distributions of the derived M-S
components.

ICA — This function is still under construction. We will notify you when an upgraded NAVI
version containing this functionality becomes available.

GLM — This function performs a general linear model (GLM) computation on the user-specified
data set or subset, with any number of user-specified model functions in the design matrix. The
GLM module automatically supplements these models with terms that account for constant
offsets and linear and quadratic trends (drifts) in the data. The displayed results include the
model functions and the spatial distributions associated with the corresponding GLM coefficient,
t-statistics and p-values, and percentage of variance accounted for.
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Setting Parameters

Clicking on the Set Parameters button brings up a new GUI window. You can use it for setting values of
control parameters.

) SetSSAParameters

Set Parameters for Multivariate Analysis

Specity Parameters for PCA, MSA and 1CA

Nurnber of PCA (ICA) Components for Generating: 30 (¥ Spatial ICA " Temporal ICA
Number of PCA [ICA) Componerts for Displaying 3 ICA Algorithm: [Informese =]
Select PCA Components for M54 123456 hdeex Mumber of ICA Training Steps: 1024

Specify Model Function for General Linear Modelling
& Use Spatial Average of Specified Data as Model Function

" Use User-defined Model Function

Save & Exit ‘ Exit Without Saving

This window contains two panels with the labels:

= Specify Parameters for PCA, MSA and ICA
» Specify Model Function for General Linear Modeling

Here we describe how you can use each of the preceding feature extraction methods.

Specify Parameters for PCA, MSA and ICA

The parameters in this panel define functions for PCA, MSA and ICA

= Number of Principal (Independent) Components to Generate
= Number of Principal (Independent) Components to Display
= Select PCA Components for MSA
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Specify Parameters for PCA. MSA and ICA

& .
Mumber of PCA [ICA] Components for Generating: i SppE T " Temporal IEA
Number of PCA [ICA] Components for Displaying: E ICA Algorithm: | Informea j
Select PCA Components for M5A: 1234586 W Mumber of ICA Training Steps: 024

The first user-specified parameter is the number of principal components you want to calculate
(and save). The default value is 30 and the theoretical maximum value is either the number of
data time frames, or the number of FEM mesh nodes (for image data) or good detector channels
(for detector data), whichever is smaller. You can replace the default setting by typing a desired
number in the text edit field provided.

The second user-specified parameter is the number of principal components you want to display.
The default value is 6, and the maximum permitted value is the number of components defined by
the first parameter. You can replace the default setting by typing a wished number through the
provided text edit.

The third parameter pertains only to MSA computations. The number in this field is the subset of
principal components to use as the starting point for the MSA procedure. The default setting is [1
2 3 4 5 6], which means that MSA will use the first six PCs as input for further decomposition.
You can pick any desired subset of PCs, such as [1 3 5] or [2 3 10 11]. However, the number of
entries in this field cannot be larger than the number specified in the “Number of Components”
parameter field. You should also avoid any repeated selections.

The parameters shown in the right-side column pertain only to ICA computations. The ICA

module is still under construction, and the user’s guide will include information on its use once an
upgraded NAVI version with the ICA utility is available.

Specify Model Function for General Linear Modelin

You can use this panel to define a model function for GLM. Two methods are available for
specifying a model function.

= Use Spatial Average of Specified Data as Model Function (default)

= Use User-defined Model Function

Specify Model Function for General Linear Modelling
* Lise Spatial Average of Specified Data as Model Function

™ LUse User-defined Model Function

The first choice means that you select the spatial mean time series as the model function for the
GLM computation. Unselecting and then reselecting the Use Spatial Average of Specified Data

-4 -
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as Model Function radio button opens a pop-up window in which the spatial mean time series is
plotted. An example of this is shown in the figure below.

J | Block Average Special Mean Time Series

x10° Using Block Average Spatial Mean Time series as Model Function
T T T T T

Amplitude

| | | | |
0 50 100 150 200 250
Time (seconds)

Checking the Use User-Defined Model Function radio button allows you to load other model
functions, which should satisfy the following rules:

= The model functions and the specified data set should have same number of time
frames, if they have the same sampling rate.

= Save the models in an ASCII-format file, with each column constituting one model
function.

Once the user-defined model function is ready, check the Use User-Defined Model Function
radio button in order to open an additional panel, shown below, in the Specify Model Function
for General Linear Modeling GUI. The additional edit text fields allow you to specify the
model function sampling rate and the number of data columns in the external file.

Specify Model Function for General Linear Modelling
" Use Spatial Average of Specified Data as Model Function

* Lse User-defined Model Function

Load Model Function with Sampling Fate: 218

with M odel Mumber: 1

Clicking on the Load Model Function button brings up a browser window that allows you to
navigate to the folder containing the user-defined model function file. You will be able to view
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the user-defined model function(s) after the file is loaded, as in the example shown in the figure
below.

) User-Defined Model Function =10l

1.2 T T

This (blue line) isa
L user-designed

— | “boxcar” function.

1 — R — R — R — -

08 /

06— —

04 7 This (red line) is a
constant term that

L NAVI automatically

o - adds to the GLM

design matrix.

02+ -

nz | | | | | |
0 100 200 300 400 500 600 700

Save & Exit
Click on the Save and Exit button to commit to all settings you have made and to close the Set
Parameters for Multivariate Analysis window with all parameters saved into a temporary file
found in the current working space.

Note: You can start the Set Parameters operation before or after you specify which feature-
extraction method you wish to perform. But you must use Set Parameters at least once for each
datainfo file that you load. Otherwise, NAVI will automatically stop and the Help Dialog
message shown below will pop open, to remind you of this requirement.

J Help Dialog E]|E|E]
Y'ou have not zet parameters for the zelected analyziz yet!
(] 4

Exit without Savin

Click on the Exit without Saving button to abandon all parameter settings you have made and to
close the Set Parameters for Multivariate Analysis window without making any changes to the
working project and its datalnfo file.
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Starting PCA

Selecting the “PCA” through the pull-down window in the Feature Extraction: Multivariate Analysis
module, and then clicking on the Start button, brings up the following user interface for PCA.

J startDataAnalysis E@@

PCA Analysis

Yiew Existing Results ‘

i+ Parameter Info = Result ]

Maote: O result is determined.

Get a New Result |

Mest result is labeled as 1

(v Mot Save i Save

You can use the interface to view previously generated PCA results associated with the specified project,
or to compute a new PCA result from the confirmed block-average data set. You can choose whether or
not to save the new result, by checking the appropriate radio button before starting the process. (Note that
“Not Save” is the default.) NAVI automatically labels each results file with a numerical index that
increases by a single unit after each computation. However, you can manually set the numerical index
value for a new results file. If the number that you type in the “Next result is labeled as” field matches
the number assigned to a previously created file, then the new file will overwrite the old one.

After clicking on the Get a New Result button, a progress-bar window will pop up, and will track the
computational progress. When PCA concludes successfully, the progress bar will automatically close,
and two figures will pop open to present the PCA results. The first figure shows the:

= Position-dependent temporal mean (left top sub-figure)
= Time-dependent spatial mean (right top sub-figure);

= Singular value spectrum (left bottom sub-figure);
= Cumulative percentage of singular values (right bottom sub-figure).
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+) keith_datalnfoPCA: Features of Hboxy of Image Data g@@
File Edit View Insert Tools Window Help
D& A2/ 220
Termporal Mean Image x 10° w10®  Time-Dependent Spatial Mean
40 2
1 ©
o R
g =
=] 0 E 0
ol | =
40 e T q
20 =T A & -
Y-Axis oo Y pis 0 50 100 150 200 250
a Singular Walue Spectrum Cumu\atm@?%@.ﬁér “alues
10 100
S0
< <
2 , B =
= 10 Z a0
£ £
70
7
10 B0
0 5 10 15 20 2% 30 0 3 10 15 20 25 30
SV index SV index

The second figure includes thumbnail images of:

= The time courses of the computed principal components that you chose to display (top row)

= The spatial distributions of the computed principal components (the second row)

e SEE

DEEE RA A/ 2D

Clicking on one of the thumbnail images in the first row causes another figure to pop open, displaying an
enlarged plot of the selected time series.

Click one of the figures in the second row to bring up an image-viewer GUI, which is similar to the one
used for viewing the reconstructed hemoglobin images, with a few components disabled in the Display
Options field. In addition, you can find identifying information in the title bar of the GUI. The example
reproduced below, for instance, is the time series and spatial distribution for Principal Component 1.
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-} | PCA Results
File Edit View Insert Tools Window Help

DE==EdE kA A/ 220

Principal Component 1
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Rescale Image
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) xyoverlay01

Overlay DOT Image on MBI Image

Time 1 Axdal HbOxy
Transparency _ _

Save Figure
Export
liosg -]
[keith_datalnfo -» PCA -» Spatial Distribution of Principal Component 1]
Close Slice: 32 bottom 4 j top

If you have checked the “Save” radio button in the PCA Analysis GUI, NAVI’s file manager will
automatically record the PCA process into the corresponding datalnfo file and save the result in its tree

structure.

The following is an example of the output-file tree structure with three PCA results recorded for the data
set described in the previous chapters.

= ) NAVIZp1
B3 doc Mame
I3 models IEIj Results3
I psrc Elj Results1
B I3y work Elj Results2
= I left_motor_cortex

= ) Analyzedresults
C3) BALs
o
[l Detectars
Il Images
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Starting MSA

Select “MSA” in the pull-down window in the Feature Extraction: Multivariate Analysis module, and
then click the Start button to bring up the MSA Analysis user interface.

J startDataAnalysis

MSA Analysis

View Existing Results ‘

¥ Parameter Info " Result ]

Mote: O result iz determined.

Get a Hew Reszult ‘

MNext result iz labeled as 1

(s Mot Save " Save

The procedure for performing MSA, and the output produced, are fully analogous to those for PCA.

Similarly, if the “Save” option is checked in the MSA Analysis interface, the project file structure will
have an MSA sub-folder under the AnalyzedResults folder, as in the following example:

= ) NAVIZD1 —
D doc b Results 1
2 models ] Results2
I psre = .
= I work

= [ left_motor_cortex
= ) AnalyzedResulis
) BAIs
= isA
) PcA
|2 Detectors
I3 Images

-11 -



NAVI User’s Guide Feature Extraction

Starting GLM

Select “GLM?” through the pull-down window in the Feature Extraction: Multivariate Analysis module,
and then click the Start button to bring up the MSA Analysis user interface.

J startDataAnalysis g@f@

GLM Analysis

Yiew Exizting Results |

f+ Parameter Info = Result n

Mate: 0 result iz determined.

Get a Hew Result |

Mext result iz labeled as 1

(v Mot Save " Save

Quit ‘

As in the cases of PCA and MSA, you can either view previously generated GLM results, or compute a
new one using the GLM Analysis interface. After clicking on the Get a New Result button, a progress
bar pops open during the GLM process, and indicates the computational progress.

A successfully completed GLM application will produce one GUI that contains the following results:

Model function(s) (Column 1)

GLM coefficients (Column 2)

t-statistics (Column 3)

p-values, which are displayed on a logarithmic scale (Column 4)

percentage of variance accounted for by the model functions (Column 5)

Clicking on one of the thumbnail images in the first column causes an additional figure to pop open,
displaying an enlarged plot of the selected model function. Clicking on one of the figures in the second
through fifth columns will bring up an image-viewer GUI similar to the one used for viewing the
reconstructed hemodynamic images, but with the Time (frame), Hb State and Create Slice Animation

-12 -
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options disabled in the Display Options field. If the “Save” option is selected in the GLM Analysis
interface, the project file structure will have a GLM sub-folder under the AnalyzedResults folder.

<} GLM on Hboxy of Image Data - |EI|5|
File Edit Wiew Insert Tools Desktop Window Help a

N de | h|ARAMBDLRL- 2| 0B =

Ll bl | \ Hy ";'”*-.. - .
J\L:l -;l gI|i i II' '|l|” T h ek ’ “ ‘é'

i’ I'.' ‘I f' llI ||’|'|- |||I v / / /

=10] x|

Eile Edit Wew Insert Tools Desktop

A =1 NET R oRNo iy

20E|e

| function 1
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I L I I
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Time Paint

Display Options:

|
1 [
T L |
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Duthogonal View |

Change Display Grid

Gvarlay on MRI Image
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SPECTRAL ANALYSIS

Feature Extraction

Set Parameters ISpectraI Anialysis |

Crozs Correlation
Start IF'SD j Coherence

The “Spectral Analysis” module contains three components, which are

= Function Specification (a pull-down menu)
= Set Parameters for (a push button)
= Start (a push button)

Function Specification

Use the pull down-menu to specify a function, which can be PSD (power spectral density), CSD (cross
spectral density), Cross Correlation, or Coherence.

PSD — Power spectral density is a function used to describe how the power (or amplitude) per
unit frequency in a time series is distributed across frequencies. In NAVI, this function returns
PSD estimates for each channel or pixel time series in the specified data set, using Welch’s
averaged periodogram method. It also provides options for you to record the processing
information into the NAVI file management system, and to visualize results in either the temporal
or spatial domain.

CSD - Cross spectral density is a function used to describe how the power (or amplitude) per unit
frequency, common to two different time series, is distributed across frequencies. In NAVI, this
function returns CSD estimates between a user-defined seed time series and each channel or pixel
time series in the specified data set, via Welch’s method. It also it provides options for you to
record processing information into the NAVI file management system, and to visualize results in
either the temporal or spatial domain.

Coherence — Coherence is a function, with values between 0 and 1, used to indicate how tightly
coordinated two time series are at each frequency. In NAVI, , this function returns coherence
estimates between a user-defined seed time series and each channel or pixel time series in the
specified data set, via Welch’s method. It also provides options for users to record processing
information into the NAVI file management system, and to visualize results in either the temporal
or spatial domain.

Cross Correlation — Cross correlation is a function, with values between -1 and 1, used to estimate
the degree of similarity between two time series for different values of time shift (lag time). In

-14 -
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NAVI, the cross correlation function estimates the correlation between a user-defined seed time
series and each channel or pixel time series in the specified data set. It also provides options for
users to record processing information into the NAVI file management system, and to visualize
results in either the temporal or spatial domain.

Setting Parameters

Clicking on the Set Parameters button in the Spectral Analysis module brings up a GUI window. You
can use it for setting values of control parameters.

) SetSAParameters

Set Parameters for Spectral Analysis

Specify Parameters for PSD, CSD and Coherence

Lenath of FFT: GE Detrend Flag: Linear x

“window harmming -
]
BE Overlap Sample No.

Specify Parameters for Cross Correlation

Max Lag: 512 Scale Optian: e =
[0 [0z [ 150
| K
Save & Exit | Exit without Saving

The window contains three panels with the labels:

= Specify Parameters for PSD, CSD and Coherence
= Specify Parameters for Cross Correlation

»  Specify Parameters for Wavelet Transform [under construction at this time]

Specify Parameters for PSD, CSD and Coherence

Specify Parameters for PSD. CSD and Coherence
Length af FFT: 512 Detrend Flag: Linear h

window: m
amring - Owerlap 5 ample Mo W

- 15 -
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Use this panel to set the following parameters for PSD, CSD and Coherence:

= Length of FFT

=  Window

= Detrend Flag

= Over Sampling No

The Length of FFT parameter defines the number of successive time frames used in each FFT
(fast Fourier transform) computation. Its default value is either 512 time frames or the total
number of time frames in the data set, whichever is smaller.

The Window parameter specifies a data windowing function and its length. Using a window will
improve your ability to resolve spectral features that are close to each other in frequency. The
window length can not be larger than the length of FFT.

The Detrend Flag parameter specifies a detrending option, which can be ‘linear’, ‘mean’ or
‘none’. Selection of ‘mean’ will remove the DC component from the PSD, while ‘linear’ corrects
for the effects of linear drifts in the data time series.

The Overlap Sampling No parameter specifies the number of time frames by which the sections
of data used in the FFT computation will overlap. It must be an integer smaller than the window
length. The default value of 0 produces data sections with no overlap.

Specify Parameters for Cross Correlation

Specify Parameters for Cross Correlation

Man Lag: 2 Scale Option; |N0ne j

This panel is used for setting the following parameters for cross correlation:

= Max Lag

= Scale Option

The Max Lag parameter is the largest time-shift value that you want NAVI to include in it
computation of the cross-correlation function.

The Scale Option defines a manner that normalizes the correlation to the specified scale option
listed as follows:

- 'none' - no scaling (this is the default).

— 'biased’ - scales the raw cross-correlation by the length of the specified
data set .

— 'unbiased' - scales the raw correlation by an amount proportional to the time-
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shift value.

normalizes the cross-correlation so that the auto-correlations at
zero time-lag are identically 1.0.

- 'coeff'

Save & Exit
Click on the Save & Exit button to commit to all the settings you have made and to close the Set

Parameters for Spectral Analysis window with all parameters saved into a temporary file
located in the current workspace.

Exit without Saving

Click on the Exit without Saving button to abandon all parameter settings you have made and to
close the Set Parameters for Spectral Analysis window without any changes to the working
project and its datalnfo file.

Starting PSD

Select “PSD” through the pull-down window in the Feature Extraction: Spectral Analysis module and
then click the Start button to start the computation. The PSD Analysis interface shown below will pop
open.

PSD Analysis

VYiew Existing Results |

(* Parameter Info " Result 0

Mote: 0 result iz determined.

Get a New Result ‘

Mext result is labeled as 1

(« Mot Save " Save

With the PSD Analysis interface, you can either view previously generated PSD results or compute new
ones. Clicking the Get a New Result button brings up a progress bar that tells how close the calculation
is to completion.

=17 -
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When the PSD computation is completed, GUIs will open to display the spatial distribution of PSD as a
function of frequency, and the power-spectral density in each pixel or channel. These GUIs are similar to
ones described in Chapter 6 for displaying hemodynamic images and individual-pixel time series.

If the “Save” option is selected, a tree-structure and output files will be created to store the PSD results, in

a similar manner as described above for other functions in the Data Analyzer portal.

J ImageVYiew (keith_datalnfo -> PSD: Frequency(Hz)=-0.025195)

File Edit View Insert Tools Window Help Others

Display Options:

Freg (frame) 7
2] i

Hh State.
Awial View [Top to Bottom] — +

Orthogonal View
Change Display Grid
Rescale Image

Craate Slice Animation |

Overlay on MRI Image

FEM Model:

Time 7 Axial
Transparency 2l z

Sawve Figure

Export

ipeg T

Owverlay DOT Image on MRI Image

keith_datalnio -» [P5SD: Frequency(Hz)=0.025155)

Close Slice: 33 bottom 4

BER

HbOsxy

j top
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Amplitlde

Amplitude

The figure title shows that PSD
results are being displayed.

25

15

0.5

This is a 2D section of an image
selected from the PSD results, i.e., the
spatial distribution of power at a
selected frequency.

Input Image Hboxy Data for PSD Analysis

Selected Image Slice
T HbDX\;r Slice Mo:
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The top panel shows the original
pixel time series used for PSD
analysis. Note that the indicated
parameters are disabled.

The parameters in this panel also
become disabled. They are

controlled by the parent GUI for
the corresponding image display.
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Starting CSD

Select “CSD” through the pull-down window and then click the Start button to bring up the GUI window
for CSD analysis.

+) startDataAnalysis E@@

CSD Analysis

View Existing Results |

+ Parameter [nfo " Result 1]

Mate: O result is determined.

Get a Mew Result |

Mest result is labeled as 1

¢ Mot Save i Save

Clicking on the Get a New Result button brings up another window that allows you to specify a seed
time series (i.e., a single time series that all those in the image-dataset will be compared to) for the CSD
computation.

-} Specify Seed Time Series For CSD Analysis

Specify Seed

Specify by | |Graphies (ROI by Clicking = |

ROI (%, ¥, Z):

Start CSD
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Specify a Seed Time Series

The GUI provides three ways to specify a seed time series through a pull-down window next to the
“Specify by” push-button inside the Specify Seed box.

| Graphics (RO by Clicking + |
Graphics (RO by Typin

|Jzer-Defined Data

Selecting the “Graphics (ROI by Typing)” option enables the “ROI (X, Y, Z)” text field, which allows
you to type in the (X, Y, Z) coordinates of an image pixel. The corresponding time series will
automatically be displayed in a pop-up window.

e , R o)

Amplitude

1 1 1 L 1 1
100 200 300 400 500 500
_Time (frame)

If the “Graphics (ROI by Clicking)” option is selected, then clicking the “Specify by” button activates a
set of crosshairs. Place the crosshairs over any pixel of the selected image slice in the GUI and then click
the left mouse button. The coordinates of the selected pixel will automatically appear in the “ROI (X, Y,
Z)” field, and the corresponding time series will be displayed in a pop-up window.

-} Specify Seed Time Series For CSD Analysis

Specify Seed

Specify by | | Graphics (ROI by Clicking +

ROI (%Y. 2)

Start C5D
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If the “User-Defined data” option is selected, clicking the Specify by button will open a browser
window that you can use to navigate to a file containing the user-defined seed time series (in a
ASCII-format file, containing a single column of numbers). After this file is selected, the seed
time series is loaded and then displayed in a pop-up window.

Starting CSD

Clicking the Start CSD button will start the specified CSD computation.

completed, the results are displayed in GUIs similar to those for a PSD computation.
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If the Save option is checked in the CSD Analysis window, an output file structure and results files will
be created, analogous to those produced by the other functions in the Data Analyzer portal.
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Starting Cross Correlation

The steps taken to perform a Cross Correlation analysis parallel those used to perform a CSD analysis.
The only difference is that “Cross Correlation” is selected from the pull-down menu of the “Spectral
Analysis” module, prior to clicking the Start button. Saved results are stored in a sub-folder named
“COR” within the project-specific file structure.

-} ImageView (keith_datalnfo -> COR: Delay(Seconds)-0)
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Starting Coherence

The steps taken to perform a Coherence analysis parallel those used to perform either a CSD or Cross
Correlation analysis. The only difference is that “Coherence” is selected from the pull-down menu of the
“Spectral Analysis” module, prior to clicking the Start button. Saved results are stored in a sub-folder

named “COH” within the project-specific file structure.
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Event Analysis

Feature Extraction

|

Set Parameters | IEvent Analysis

Start

| |Sln:|pe Lnialysis —_—'——b e|a_|,| na|_|,|i

Area under Curve

The “Event Analysis” module contains two components, which are

= Function Specification (a pull-down menu)
= Start (a push button)

Note that the Set Parameters button is intentionally disabled in the Feature Extraction module when
“Event Analysis” is selected. Use the block-average data generator to select the time interval(s) that you
are interested in for performing the Event Analysis operations. The figures below illustrate the use of the
Get Dataset for Analysis functionality to select time intervals for slope analysis (left screenshot) or for
delay analysis and area-under-curve computation (right screenshot).
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Function Specification

After Confirming the time interval selection in the block-average image (or detector signals) generator,
use the pull-down menu to specify an operation, which can be Slope, Time Delay or Area under Curve.

Slope Analysis — This utility computes the average slope, within the user-defined time interval,
for each channel or pixel time series in the specified data set. The spatial distribution of slope
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values for all channels or pixels, and the cumulative distribution function for the computed
slopes, are displayed.

Delay Analysis — This functionality computes the time required for each channel or pixel time
series to reach its maximum (absolute) value, following the start of a user-specified time interval.
The spatial distribution of time-delay values for all channels or pixels, and the cumulative
distribution function for the time delays, are displayed.

Area under Curve — This utility computes the area between the time axis and each channel or
pixel time series. The spatial distribution of area-under-curve values for all channels or pixels,
and the cumulative distribution function for the time delays, are displayed.

Starting Slope Analysis

Select “Slope Analysis” from the pull-down menu in the “Event Analysis” module, and then click the
Start button to begin the computation.

After the Slope computation is completed, a GUI will automatically pop up, displaying the results. An
example is shown below. The image in the left-hand side of the GUI is the spatial distribution of the
computed slopes, while the x-y plot on the right-hand side is the corresponding cumulative distribution
function.

lolx]
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N HS | kRO EL- |2 |0BE a0
Click on the Figure for More 20 View i Cumulative Yolume vs. Slope Plot
: QD mree et e
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4 é ;
| !
20 2 70
3 =]
w = B0
=
o 18 =
g Wogg
™I 2 el
k=
. 1 = 40
L
£ 30
L - 0 B
e 2 m
o £
> 1 8]
15 - 10+
[
Y-Axis 2 "o 2 4 5 B '
Amplitude of Slope 1o

Clicking on the image on the left-hand side of the results GUI opens a child GUI, similar to one used for
the PCA image display, that will allow you to view 2D sections of the spatial distribution of slopes,
overlay them onto a structural image, and use the orthogonal-planes 3D image viewer, as shown in the
figures below.

If the “Save” option is selected in the Slope Analysis window, prior to clicking the Get a New Result
button, a file structure similar to those for the other functions in the Data Analyzer portal will be created
to store the computed-slope results, in a sub-folder named “Slope™.
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Starting Delay Analysis

Select “Time Delay” from the pull-down menu in the “Event Analysis” module, and then click the Start
button to begin the computation.

After the Time Delay computation is completed, a GUI similar to the one generated by the Slope
functionality will automatically pop up, displaying the results.

If the “Save” option is selected in the Delay Analysis window, prior to clicking the Get a New Result
button, a file structure similar to those for the other functions in the Data Analyzer portal will be created
to store the computed-slope results, in a sub-folder named “Delay”.

Starting Area under Curve

Select “Area under Curve” from the pull-down menu in the “Event Analysis” module, and then click the
Start button to begin the computation.

After the Area under Curve computation is completed, a GUI similar to the one generated by the Slope
functionality will automatically pop up, displaying the results.

If the “Save” option is selected in the Area under Curve window, prior to clicking the Get a New Result
button, a file structure similar to those for the other functions in the Data Analyzer portal will be created
to store the computed-slope results, in a sub-folder named “Area”.
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FEM Model Generator

Introduction

The FEM Model Generator module in the Utilities portal provides the functionality for you to
reconfigure an existing FEM model to match a user-defined source-detector geometry. The module also
provides visualization utilities to explore important features associated with an existing or newly
generated FEM model (for example, S-D configuration, mesh parameters, weight matrix coefficients, and
reference detector readings.

Launching FEM Model Generator

Take the following steps to launch the FEM Model Generator module:

First, select the “FEM Model Generator” option through the pull-down menu built in the Utilities portal,
as shown below:

Utilities

Start | IFEM Maclel (Generator j

FEM Model Generator

Next, click the Start button to open a GUI for FEM model generation. The module, illustrated in the next
figure, contains six basic components:

The Load function, which is used to specify and load an existing FEM model

Two Set functions, which are used to set source and detector positions to fit your measurement
conditions

The Generate function, which produces a new weight function and new reference-medium
detector readings

The View function, which allows the user to display an existing (i.e., previously generated) FEM
model and the newly generated model.

The Forward FEM Model Running Status window
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Generate Forward FEM Model

FEM Model Information

Source Positions Graphically Set v:

Detector Positions | Graphically Set >

Reference Medium Detector Readings
and Weight Function

FEM Model Information

Forward FEM Model Running Status:

The following sections show you step-by-step how to generate an FEM model for a user-
specified source-detector arrangement.

Loading and Viewing Existing Model

The first step in generating a new FEM model is to load an existing, pre-calculated FEM model through
its modelinfo file. Similar to a datalnfo file, a modelinfo file is model-specific, and has a filename ending
with *_modelinfo.mat’. It contains the information about how the model has been generated.

Clicking the Load button allows you to specify and load a modelinfo file through a browser window. As
an example, let us specify the following modellnfo file that is associated with the basic (9x7) model in the
‘models\brains\Right_Motor_Cortex_9x7’ folder.
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Select a modelinfo file

Look in “.:"_")ngm_Motar_Conex_Em? Lj &= £ B~

My Recent
Documents

Desktop

bY

(o

My Documents

My Computer  Fie name head_box15_D4T32_gid_modelinfomat < Open
7= Fiesof type: |_modelinfo.mat ~| Cancel

A successful modelInfo load operation enables the Set buttons and the View button for further processing.

te Forward FEM Model HE@

Generate Forward FEM Model

Load FEM Model Information

Set Source Positi |Braphically Set vl

Detector Positi !Graphica\l\fSel—v|

Reference Medium Detector Readings
and Weight Function

Generate

FEM Model Information

View

Forward FEM Model Running Status:

|Please "Load" FEM model information file first! ~
Pl & and detec 51 )

GUI for generating FEM model, before an existing model is loaded.

We strongly recommend that you view the loaded FEM model by clicking the View button before you do
anything else. This gives you an opportunity to verify if the model you have specified is appropriate for
creating a new model with your experimental source-detector arrangement. You can find a detailed
description of the use of the model viewer function in the “Viewing Models” section (p. 10) of this
chapter.
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Defining New S-D Configuration

You should first define the source and detector positions for a new FEM model generation. There are two
ways available for you to do so.

Set Source Positions

Set Detector Positions lGraDhica".'H Sat |

The first method allows you graphically set the source/detector configuration by using the GUI that we
have developed for that purpose. The second method is to complete the specification of source and
detector locations by loading pre-generated source/detector configuration files, in which the positions of
sources/detectors are saved in a matrix. You can manually generate the source/detector configuration
files using any available editor. The configuration files must be saved into the project folder containing
the raw data sets, with file names conforming to the following filename syntax:

[raw data file name prefix] +_Config_source.txt (for the source configuration file)

[raw data file name prefix] +_Config_detector.txt (the detector configuration file)

Setting Source Positions

First, you should specify an option from the pull-down menu next to the top (i.e., Source Positions) Set
button. Depending on which of the preceding options you selected, follow the steps in the corresponding
section below.

“Graphically Set” Option

Step 1: Clicking the Set Source Positions button brings up a new GUI titled ‘Graphically Set Source
Positions’. The GUI, shown in the figure below, contains the following components:

= The Set button

= The Clear button

*= The Save & Close button

= The Close button

= Animage of the original FEM model, with the original source configuration displayed

» The Source Positions panel for displaying the new source arrangement

= Atext field for typing a Number of New Sources

= A pull-down menu for specifying view orientation
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Tip: If the sources are not all visible in the default “x-y plane,” you can change the view orientation to “x-
z plane” or *y-z plane” via the pull-down menu in the upper right corner of the GUI.

Step 2: Type the number of source fibers used for the experimental protocol in the Number of New
Sources text field, which is located in the upper middle area of the GUI. Its default value is the number
of sources in the original FEM model.

Tip: If the new source configuration is the same as the original configuration, click the Save & Close
button in the lower left corner to complete the source position setting.

Step 3: Click on the Set button in the upper left corner and move the mouse cursor into the Source
Positions panel to enable the crosshairs. Then move the crosshairs onto the circle corresponding to the
first experimental source position and click the left/primary mouse button. Repeat this process for the
other source locations, until all sources for the new model are specified.

The figure below shows an example of graphically set source positions, where there are 30 source
positions to be set, the first twenty two sources have been specified, and the crosshairs are moved onto the
twenty third source position.




NAVI User’s Guide FEM Model Generator

-} Graphically Set Source Positions

WD @ @ @ @]

e ®ee e s @ & @

—% 200 00— —
PP S 30000 P O =
T t 0000 0 © @
“o00 0@ 0 ® |

TR B e L@ D @
R e

Tip: If you make a mistake while setting the source positions and want to abort the procedure, just click
the right/secondary mouse button to make the crosshairs disappear. Then click the Clear button located
under the Set button, and repeat steps 1-3 to set the source position again.

Tip: If a source position is selected twice, the second selection will be ignored. However, if a source
position is specified more than twice, the source setting process will automatically terminate. You can
reset the source positions by clicking the Clear button and starting over again.

Step 4: Click the Save & Close button in the lower left corner to save your source configuration
settings, after all source positions have been specified for the new model.

“Load Source Config. File” Option

Click the Set Source Positions button on the Generate Forward FEM Model main interface. This
brings up the browser window shown below to allow for navigating to and specifying a source
configuration file that has been pre-generated and saved in the project folder.
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Select a Source Configuration file
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The source configuration file contains a matrix, in which each element stands for one of the source
positions contained in the original FEM model. The value of the element is the label of the source located
at that position, in the new model being generated. If the value of an element is 0, then there is no source
at that position in the new model.

The following matrix shows an example of a source configuration file for a new model design, based on
the original model that has the maximal 9x7 source/detector arrangement.

0O 0 0 0 0 0 O
25 26 27 28 29 30
19 20 21 22 23 24
13 14 15 16 17 18
7 8 9 10 11 12
1 2 3 4 5 6
0 0 0 0 0 O

OO OO OCOOo
OO OO OCOOo
OO OOOoOOo

The source position setting for the new model is complete after the specified source configuration file is
loaded.

Setting Detector Positions

The procedures for setting detector positions are the same as those for setting the source positions, except
that you use the Set button and the pull-down menu design on the ‘Detector Positions’ line of the GUI.
Completion of the detector-position setting process enables the Generate button in the main Generate
Forward FEM Model GUI.

Click the Set Detector Positions button open the GUI for setting detector positions:
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An example of a result for the detector positions setting procedure is shown in the following figure:
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Successful specification of both the source and detector locations enables the Generate button in the

parent GUI.

Load

FEM Model Information

Set

Set

Source Positions |Glaphica||_l,l Set j

Detector Positions |Gfaphica"}' Set ﬂ

Generate

iew

Reference Medium Detector Readings
and Weight Function

FEM Model Information

Generating a New Model

Click the Generate button on the main ‘Generate Forward FEM Model” GUI to start the mesh
generation process with the specified source/detector configuration. During the operation, a pop-
up window will open to allow you to specify a folder in which to save the new model. You can
use the default folder name generated by NAVI, for example, ‘Right_Motor_s30d30°,

-} Please spec... E“§|@

Name of folder to save new model.

dight_hdotor =3

| Ok l | Cancel |

or you can define a name you prefer (provided that the name has no blank spaces and that it does

contain one of the key words

‘Right_Motor’, ‘Left_Motor’,

‘Occipital_Cortex’), for example, ‘Right_Motor_experiment1’.

‘Frontal_Cortex’, or
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Click the OK button to start the process of generating the new model. A successful application of the
user-defined subfolder or in the

Generate button produces a new model, which is located either in a

NAVI-generated default folder.
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= 5 models
Bl I3 brains

|2) Frontal_Cortex

H () Left_Motor_Cortex_9x7
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Viewing Models
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Size
36,617 KB
4KB
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16 KB
7kB
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FEM File
FEM File
FEM File
DAT File
FEM File
JPEG Image
JPEG Image

You can view the original model or the newly generated one using the View button included in the
Generate Forward FEM Model main GUI. Clicking the button brings up a child GUI with the following

four functions:

= Qutline (this is the default mode)
* FEM Mesh & S/D

= Detector Reading

=  Weight Function

Outline

Clicking on the Outline button displays four types of FEM model information in the model information

window:

* FEM Mesh
= Source/Detector Configuration
= Forward FEM Model

= Forward FEM Model (S/D configuration changed)
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T HEH

Model Information

Model Information: OUTLINE

FEM Mesh:
Dimension of Mesh: 3D
FEM Mesh & S/D Number of Nodes: 4211

Number of Elements: 18049
Format of Mesh File:  GID Format
Detector Reading Mesh File: D:wsers\yongl1iemse‘headdatabase15\box15 9x7\head box15 DAT32 gid-msh

Source/Detector Configuration:
Number of Sources: 63
Number of Detectors: 63
Source File: C:users\yongxutnavi0limodelsibrains\Right_Mator_Cortex_9x7\box15_sdcoords_9x7
Detector File: C:luserstyongxuinavi0limodelsibrains'Right_Motor_Cortex_9x7W\box15_sdcoords_9x7

Weight Function

Forward FEM Model:

Detector Readings: C:\users\yongxulnavi0limodelsibrains\Right_Motor_Cortex_9x7\\det. FEM
Weight Function: C-lusersiyongxuinavi0timodelsibrains\Right_Motor_Cortex_9x7Vw.FEM

Forward FEM Model (S/D configuration changed):

Number of Sources: 30

Number of Detectors: 30

Source File: C-users\yongxutnavi0limodelsibrains\Right_Motor_Cortex_9x7\box15_sdcoords_9x7_new

Detector File: Clwserstyongxuinavi01imodelsibrains'\Right_Mator_Cortex_9x7box15_sdcoords_9x7_new

Detector Readings: C:\usersiyongxu'navil1imodelsibrains\Right_Motor_Cortex_9x7\Right_Motor_s30d30\det FEM
Close Weight Function: C-luserslyongxuinavi0fimodels\brains'Right_Motor_Cortex_3x7\Right_Mator_s30d30w FEM

FEM Mesh & S/D

This function allows you to view the model geometry and the source/detector positions for the original
FEM model, or for the newly generated FEM model, and gives you a choice of viewing planes.

Tip: It is important to make sure the source/detector positions you have set exactly match your
experimental source/detector configuration.  Performing the following steps, you can
conveniently check if your setting is right: 1) Click the FEM Mesh & S/D push-button; 2) Click
the Changed radio button; 3) (if necessary) Choose the most advantageous viewing plane. You
will see all source and detector positions you have set, as shown in the figures below. Then you
can carefully check to see if all sources and detectors are located at the right positions.

Examples of the use of the viewer function, as applied to both the original model and the newly
generated one, are shown below.
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) View FEM Model DEx

Model Information FEM Mesh and S/D Mesh and S/D Information
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Detector Reading

This function allows you to view the reference medium detector readings. Click the Detector Reading
button to produce a plot of reference medium detector readings in the View FEM Model interface.

The upper figure is a contour-surface plot of detector readings, and the lower figure is a plot of detector
readings, on a logarithmic scale, for the detectors associated with a specific source. You can select a
different source position using the scroll bar located at the bottom of the GUI. You also can toggle
between the original and changed FEM models by checking either the Original or Changed radio button
on the left side of the GUI.

J View FEM Model

Model Information Reference Medium Detector Readings (base 10 logarithmic scales)

FEM Mesh & S/D

Detector Reading

Weight Function

5 10 18 20 2 30
Model to Be Viewed Detector
n Source: 5
O Original 10 : ‘ : |
(%) Changed
10° | i
o
=
5
2
T i
5
o
o
8
10 _
10° I L L ! !
0 4 10 15 20 25 30
Source: ‘|— I >J ‘ 5 ‘
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Weight Function

Click the Weight Function button to produce a graphical display of the weight function, for either the
original or the newly generated FEM model.

The upper figure shows the weight function matrix; the nearly uniform appearance is a consequence of
the large range (6-9 orders of magnitude) of weight values in the model, with only a few elements in the
matrix having weights on the order of unity while the great majority of weight values are orders of
magnitude smaller. The bottom figure is a plot of the weight function for one S/D channel, in all FEM
mesh nodes. You can select a different S/D channel by using the slider at the bottom of the window.
Also, you can choose to show the weight function for either the original or the newly generated FEM
model by checking either the Original or Changed radio button on the left side of the GUI.

<} View FEM Model

Model Information Weight Function

FEM Mesh & S/D

=
=]
=

S/D Channel

Detector Reading

@
=
=

Weight Function

=]
=
=

500 1000 1500 2000 2500 3000
Model to Be Viewed Mesh Node

i Source: 1 Detector: &
() Original x 10

(%) Changed

Weight Function

| | | | |
500 1000 1500 2000 2500 3000

S/D Channel: s 4[ b| Source: | Detectur:: 5

-14 -



NAVI User’s Guide Raw Data Editor

Raw Data Editor

Introduction

The Raw Data Editor module in the Utilities portal supports editing of a DYNOT or NIRScout data file
group that cannot (for reasons presented subsequently) be analyzed directly by NAVI, into one or more
subsets that can be. Editing capabilities include:

1) Selection of desired time segments from a larger time series

2) Apply a time-averaging process to an existing raw data set, or to a subset derived from
item (1)

3) Sort raw data from multisite measurements into subsets corresponding to distinct regions
(e.g., left and right motor cortex), enabling analysis of the daughter files by NAVI

4) Access the FEM Model Generator module to create site-based FEM models in support of
site-based image reconstruction

Multi-Site Measurement Setup

A. Different sites with concurrent source illumination.

Figure 1 shows an example of the optical-fiber layout from a DYNOT measurement intended to explore
multiple regions simultaneously. In practice this can be achieved by using optode designs available from
NIRx that divide the optical power to two or more transmitting bundles. The considered example
explores the effect of a table tilt maneuver on a subject lying in the supine position, while the subject’s
forehead, left and right forearms, and left gastrocnemius muscle were simultaneously monitored using the
indicated illumination-detection geometry. Similar measurements can, for example, involve data
collected from the left and right frontal and parietal regions of the head. For the particular case
considered here, data were collected by simultaneously illuminating each site using a time-multiplexing
scheme and optodes that support co-located measurements.  [We encourage readers to explore this data
as a reminder of the importance that subject orientation can have on data collection. A description of the
precise protocol applied can be found at the end of this chapter.]

The Original Raw Data Files:

In the considered measurement, the DYNOT imager generated raw data files that contain information
from all four sites. Direct processing of the original raw data set using NAVI would result in a mixing of
information from all sites. To avoid this it is necessary to sort the data in accordance with the optode
arrangement for each site. In the example here, the original files are named:

Doug_Tilt_Studyl.wll
Doug_Tilt_Studyl.wl2
Doug_Tilt_Study1.set
Doug_Tilt_Studyl config.txt

pPOONME
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In ‘Doug_Tilt_Studyl config.txt’, we find the following information:

Yo ——————— fourSitesData_config.-txt--- - - - ——————-————————
raw_data_name="Doug_Tilt_Studyl-;
SamplingRate=7.94;
wavelLength N=2;
source N=8;
detector_N=30;
time_point_N=5500;
source_detector _key=[1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
20 21 22 23 24 25 26 27 28 29 30;...
111122223 3 3 3 4 4 4 4 5 5 5
5 6 6 6 6 7 7 7 7 8 8];

Cerebral Apparatus .
Patient’s Left Frontal Lobe Site 2

000
@) e)12)10
Forearm apparatus site 3 @ @ @ oot STHE 4

O OCOO0OLB®OOOO
Q0O O0O0BOOOOOO
OO0 OOOO OCO0O0ODB®BOOOO
OOO0O0O0OLOOO OOO00O0O0OO0O0OO
OCO00BA OOOO OOOOOOOOOO

Gastrocnemius Apparatus
Patient's Right Leg
Arrangement from Back Side of Cuff

Patient’s Proximal
White Velcro

Red Velcro

Figure 1. Diagram of a four-site measurement setup and its site-based source-detector
arrangement. Note that each optode serves both as a source and a detector.

Preparation of the site-based information

To successfully use the Raw Data Editor module to separate the original data into multiple site-related
subsets, the user needs to provide the correct optode information for the particular experimental setup.
Table 1 is an example of the user-prepared site-based information identified from the setup shown in
Figure 1 and from the contents of the ‘Doug_Tilt_Studyl config.txt’ file.

Table 1. The relationship among source groups, source / detector indexes and the measured sites.
Source Source / Detector Indexes
Group Site 1 (S/D) Site 2 (S/D) Site 3(S/D) Site4 (S/D)
1 1/1 1/2 1/3 1/4
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2 2/5 2/6 217 2/8
3 3/9 3/10 3/11 3/12
4 4/13 4114 4/15 4/16
5 5/17 5/18 5/19 5/20
6 6/21 6/22 6/23 6/24
7 7125 7126 7127 7128
8 8/29 8/30

Total Source/Detector No. 8/8 8/8 717 717

Launching Raw Data Editor

Take the following steps to lunch the Raw Data Editor module:

First, use the pull-down menu in the Utilities portal to select the ‘Raw Data Editor’ option, as shown in

Figure 2:
Utilities
Start | FEM todel Generatar ﬂ
FEM hacel Generator
Figure 2. The NAVI GUI components for launching the Raw Data Editor
B RawDataEditor EI@

DYNOT-Based Raw Data Editor

— Parameter Setup

is

Specify a DYNOT-bazed raw experimental dataset:

MultiSite Stuchy? Mo ) Yes Set Parameters
Specify the time ranger=s) for the new subdstaset(s): 1 1000

Specity the average window size for the new subdataset(=): 1

A

— Execution
There are no mufti-site-based subdatasets created yet at this moment.
<
<
Generate New Subdataset(s)

Figure 3. The Raw Data
Editor child GUI, which

launched when the

Load button in Fig. 2 is
pressed.

Parameter Setup

Execution
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Next, click on the Start button to open the Raw Data Editor GUI. Components of the GUI are
divided into two panels, Parameter Setup and Execution, as shown in Figure 3.

Step by Step Data Editing Process

Step 1: Specify a raw dataset through the config.txt file

Click the Browser button in the Raw Data Editor GUI shown in Figure 3 to specify and load a user-
desired raw data set through its config.txt file. Following this operation, the Raw Data Editor module will
automatically show the user which config.txt file has been selected and where the corresponding raw data
group files are located. Also listed are default values for two editable fields corresponding to the time
range (by default, the first and last time frames in the time series) and the window size for time averaging
the data (by default, 1). Figure 4 shows an example of the GUI after a raw data is specified through the
Browser button.

RawDataEditor EI@

DYNOT-Based Raw Data Editor

— Parameter Setup

Specity a DYMOT-based raw experimental dataset:

[ESTWILITISMeS LIoUG

muttiSite Study? Mo @ Yes Set Parameters

Specify the time range(s) for the new subdataset(s) 1 5500
Specify the average window size for the newy subdatazet(s): 1
— Execution

Generate Hew Subdataset(s) Close

Figure 4. The Raw Data Editor GUI

The dataset specified is located in ‘CATEMP\demodata\test\MultiSite4’, the file name root is
‘Doug_Tilt_Studyl’, and there are 5500 recorded time frames in the data time series.
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Step 2: Set parameters for separation of multi-site raw data

Parameters associated with source-detector arrangement

The Raw Data Editor module provides two methods for users to specify the parameters associated with
the optode arrangement employed during data collection. In one method, the user can directly type the
desired parameter values through a GUI developed for setting the data-editing parameters. In the other,
the user can edit the original config.txt file by introducing additional information about the site-related
optode arrangement. NAVI will then extract the site-related information and transfer the relevant
information to various data fields of the GUI. The config.txt file containing the site-based information
can be either generated manually (current) after data collection, or automatically (under construction)
during data collection.

While both editing features can achieve the same outcome, data editing through the GUI affords
additional flexibility. For instance, in cases where data are collected from a single site, it can nevertheless
be of interest to explore a selected ROI. This can be achieved by simply identifying the optode subset of
interest. Alternatively, editing of the config.txt file can be most efficient in cases where data truly are
collected from distinct sites.

An example of the format used for editing the config.txt file is:

%The updated Doug_Tilt_Studyl _config.txt file:
Y ————————— The original information--- - - - ———————————————
raw_data name="Doug Tilt_Studyl-;
SamplingRate=7.94;
wavelLength_ N=2;
source_N=8;
detector_N=30;
time_point_N=5500;
source_detector_key=[1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
20 21 22 23 24 25 26 27 28 29 30;...
111122223 3 3 3 4 4 4 4 5 5 5
5 6 6 6 6 7 7 7 7 8 8];
Y ———— - The updated information-----———————————————————————

multi_site N=4;

source_detector_key sitel=[ 1 5 9 13 17 21 25 29;...
123 4 5 6 7 8];
source_detector_key site2=[ 2 6 10 14 18 22 26 30;..
12 3 4 5 6 7 8];
source_detector_key site3=[ 3 7 11 15 19 23 27;...
12 3 4 5 6 7];
source_detector_key site4=[ 4 8 12 16 20 24 28;...
12 3 4 5 6 717];

Clicking on the ‘Set Parameters’ button in Figure 4 will bring up the child GUI shown in Figure 5, which
contains fields for the user to specify the desired number of sites (up to four), to input the site-based
optode indices (source-detector arrangement) corresponding to the original raw data, to define site-based
folder/file names for storing the separated subsets, and also to launch the FEM Model Generator for
generating site-based FEM maodels, if necessary. If the config.txt file has been updated with the muti-site
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information, the site-based parameter values can be extracted from it and used to specify the number-of-
sites and optode-index information shown in Fig. 5. Otherwise, a similar GUI will appear with the
default values shown in Figure 6, where, the number of sites has the default value of 1 (the top panel) and

only the optode indices belonging to original config.txt file are listed.

n MultiSitesSDArrangement

Site Numkber

Source-Detecor Arrangement and FEM Model Generation for Multi Site Measurement

[E=1 Bl 5

The multi site infarmation is found in the specified caonfig file

Howe many stes are included inthe specified raw dataset: 4

— Site-Related Parameters and Computationsl Model;

Source Indexes: Detector Indexes: Mame for Mew Subdataset FEM Model for Images
—Site 1
12345678 159131721 2529 Sitel Generate FEM Model
— Site 2
12345678 2 610 14 18 22 26 30 Site? Generate FEM Model
— Site
1234567 3 7111519 23 27 Site3 Generate FEM Model
— =ite 4
1234567 4 51216 20 24 28 Site4 Generate FEM Model

Close

Figure 5. The GUI used for parameter setup when the muti-site information is recorded in the

modified config.txt file.

 MultiSitesSDArrangement

Stte: Info

Source-Detecor Arrangement and FEM Model Generation for Multi Site Measurement

How many sites are included in the specified raw dataset?

There iz no multi site-based information found inthe config file. ¥ou can manually specify it
through the GUI or cloze the window and prepare it using the configure file.

Source Indexes:
— Site 1

— Site-Relsted Parameters and Computational Mocel

Detector Indexes: hiame far Mew Subdataset

FEM Model for mages

[KEKEEEFEEET] |

[cenerate FEm Model]

— Site 2

L 1 [ s ]

'Generate FEM Model

— Site

[Generate FEM Model]

— Site 4

[cenerate FEM Mouel]

Close

Figure 6. The default GUI used for parameter setup when muti-site information is not included in

the config.txt file.
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To subdivide the raw data in the second case, you should first change the default number of sites from 1

to 4, which will result in a change in the appearance of the GUI, as shown in Figure 7a.

) MultiSitesSDArrangement

Site Int

Source-Detecor Arrangement and FEM Model Generation for Multi Site Measurement

Hoey many sites are included in the specified raw dataset?

There is no mult ste-based information found in the config file. You can manuslly specify it
through the GUI or close the window and prepare it using the configure file

4

— Site-Relsted Parameters and Computational Mocel:
Source Indexes: Detector Incdexes: Mame far Mew Subdataset FEN Model for Images
— Site 1
Site1 Generate FEM Model
— Site 2
ez Generate FEM Model|
— Site
Site3 Generate FEM Model
— Site 4
Sited Generate FEM Model

Figure 7a. The updated GUI after the site number is modified to 4 from the default value shown in

Figure 6.

Next, you should manually type the site-based source and detector indices into the blank source- and
detector-index fields seen in Figure 7a. The result is shown in Figure 7b. Note that this arrangement is
identical to that in Figure 5, where these parameter values were extracted from the config.txt file directly.

B rultiSitesSDArrangement

Site Number

[E=3 BR[|

Source-Detecor Arrangement and FEM Model Generation for Multi Site Measurement

The mutti site information is found in the specified config file.

Hoere many sites are included in the specified raw dataset: 4

— Site-Related Parameters and Computational Mocle!

Source Indexes: Detector Indexes:

— Site 1

hame for Mew Subdataset

FEM Madel for Images

12345678 15 91317 21 25 29

Site1

\Generate FEM Model

— Site 2

12345678 2 61014 18 22 26 30

Site2

Generate FEM Model

— Site

1234567 371151923 27

Site3

Generate FEM Model

— Site 4

1234567 4 81216 20 24 28

Shted

Generate FEM Model

Figure 7b. The updated GUI after the site-based source and detector indexes are typed in.
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Step 3: Create site-based FEM models

It is emphasized that it is not necessary to execute this step in order to separate the site-based raw data.
However, the Generate FEM Model buttons seen in Figs. 5-7 provide a convenient access to NAVI’s
FEM Model Generator module, if it is needed (see Chap. 9). The site-based FEM models must be
available for subsequent analysis of the separated data with NAVI, especially for image reconstruction.

Clicking on the Generate FEM Model button for any site GUI shown in Figs. 5-7 will bring up the FEM
Model Generator GUI. As described in Chap. 9, this module also can be accessed through the main
NAVI GUL.

Generate Forward FEM Model EI@

Generate Forward FEM Model

Load FEM Model Information
Set Source Positions Graphically Set .
Set Detector Positions | Graphically Set \
Generate Reference Medium Detector Readings

and Weight Function

View FEM Model Information

Forward FEM Model Running Status:

Please "Load" FEM model information file first!

. Exit . Help

Figure 8. The FEM Model Generator GUI.

For the particular data set described in this chapter we select the ‘Frontal_Cortex’ brain model, as an
example to show how site-based models can be generated from the pre-existing models in our model
library. So far, most of our FEM model library development efforts have been focused on analysis of data
collected from brain studies. In practice, analysis of the particular data set considered here would need to
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proceed from segmented anatomical priors obtained from the corresponding body sites (i.e., head,
forearm, leg).

The parent model and the derived sub-models are presented in Figure 9a-f. Please consult Chapter 9 of
the NAVI User’s Guide to learn details about the use of the FEM Model Generator.

B View FEM Model ==

The parent model. Model Information FEM Mesh and S/D Mesh and S/D Information
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(Figure 9a)
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The FEM Model for Site 2: Site2 s8d8 (Figure 9c)

View FEM Model

Model Information

 Outline
FEM Mesh & S/D
Petectur Readi..J
Eeight Function

cm)

=y

[t}
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Close
The FEM Model for Site 3: Site3 s7d7 (Figure 8d)
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The FEM Model for Site 4: Site4 s7d7 (Figure 9e)

B View FEM Madel =R =

. FEM Mesh and S/D Mesh and S/D Information
Model Information sshan

MNo. of Nodes: 4921
Ma. of Elements: 21144

MNo. of Sources: 7
MNo. of Detectors: 7

2
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The parent model and its site-based sub-models in the file system (Figure 9f)

v [ o
@bv| . v Computer » OS{C) » TEMP » models » Brains » Frontal_Cortex » v|6,| | Search Frontol_ Cortex e ‘
Organize « [ Open Include in library = Share with + =~ @
* Mame Date modified Type Size *
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@ Documents Sitel_sBd8 312:10 PM  File Folder
J) Music Site?_sBdd File Folder
[&] Pictures Site3_s7d7 File Felder
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|| coords.FEM FEM File
Z'-.";bCOmPUtEf £l [ detFEM FEM File
L] OSI*C_;] . || detector_coord_new File
e = FEMModel JPEG Image
| MATLAB ) _ 3
X %3 GRID Object File Library 3
— 3 GRID 0001 File Libran
| MININT s param | bject File Library
| Perflogs &= head_box021 JPEG Image
Program Files b ] head_box021_modellnfo MATLAB MAT-file
. TESCUrCES | mri_nird1.dat DAT File 1
. richyao f*] reconstruction_parameters MATLAB MAT-file
. SmartDraw 2008 || sd_coords.FEM FEM File
. TEMP | | source_coord_new File
b demodata = termnp_t01 2 JPEG Image
| els B
m;‘? = temp_102 51PM  JPEGImage
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Breacts | [w.FEM 50 PM FEM File 190>
(et - [ w | v
Sited4_s7d7 Date modified: 6/28/2009 12:25 PM
'l File Folder
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Step 4: Confirm the parameter specifications.

The parameter setup will not be completed until you click on the Confirm button at the bottom of the
GUI shown in Figs. 5-7. Following this operation, that GUI will automatically close, the Execution panel
of the Raw Data Editor GUI will be updated, and the Generate New Subdataset(s) button will be
enabled, as shown in Figure 10.

RawDataEditor EI@

DYMNOT-Based Raw Data Editor

— Parameter Setup

Specify a DYMNOT-hased raww experimental dataset: Browser

hultizite Study? Ma @ Yes Set Parameters

Specify the time range(=s) for the new subdataseti(s): 1 5500

Specify the average windowy size for the new subdataset(s): 1

— Execution

G
A
|

Generate Hew Subdataset(s) Close

Figure 10. The Raw Data Editor GUI following confirmation of the specified parameter values.

Step 5: Specify the desired time range and/or the average window size

You can use the GUI shown in Figure 10 to modify the default time range in order to remove undesired
time segment. You also can specify an average window size of N > 1, and NAVI will apply a time
averaging process to generate a new data set smaller than the original one (i.e., data down-sampling), by
averaging successive groups of N consecutive raw data values for each channel. For the particular
example described in this chapter, we keep the default values and do not change either of these two
parameters.

Step 6: Generate New Site-Based Subdatasets

Click on the Generate New Subdataset(s) to start the process of separating the original raw data files
and generating the site-based data files. Following completion of this operation, the GUI will be updated
as shown in Figure 11.
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F: )

u RawDataEditor E'@

DYNOT-Based Raw Data Editor

— Parameter Setup

Specity a DYNOT-based raw experimental dataset:

CATEMPWdemodatatestiMultiSited\Doug_Tik_Study1 _config tx

MultiSite Study? (™) Mo i@ Yes Set Parameters

Specify the time range(s) for the neyy subdataset(s); 2500

Specity the average window size for the new subdataset(=): 1

— Execution

4 subdatasets have been created in C:ITEMP\demodatatest\WMultiSited

Generate Hew Subdataset(s)

Figure 11. The Raw Data Editor GUI after the user-defined subsets have been created and
saved to the file system.

Figures 12a-e show how the original raw dataset and the derived site-based subsets are named and stored
in the file system.

The original raw data:

C:TEMP\demodata\test\MutltiSite4\Doug_Tilt_Study1*** (Figure 12a)
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@Uv| o v Computer » O5(C) » TEMP » demodata » test » MultiSited »

Organize « Mew Folder Include in library + Share with +

B videos o Mame
PM WL2 File 15,04
PM WL1 File 15,03
1240 PM  Text Document

PM  SET File
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]
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4 M Computer
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File Folder

. Program Files File Falder

m

J Tesources
richyao
J SmartDraw 2009
a4 TEMP
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. multiSite
> g test
Fl models
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J Horses 2 e = ;

8 items

Figure 12a. Raw Data file and the newly created folders for 4 sites

The derived subdataset for Site 1:

C:TEMP\demodata\test\MutltiSite4\Site1\Doug_Tilt_Studyl_Site1*** (Figure 12b)

e pescvact o]0 ]
@n\‘_/nv| . ¢ Computer » OS5(C:} » TEMP » demodata » test » MultiSited » Sitel Pl |
Organize » New Folder Include in library Share with = = - i \9’\
@ Documents i Mame ° Date modified Type Size
& Music
=] Pictures || Doug_Tilt_Studyl _Sitel.cet SET File
B video: || Doug_Tilt_Studyl_Sitel.wil L1 File 6,1¢
|| Doug_Tilt_Studyl_Sitel.wi2 WL2 File 6,1¢
18 Computer | Doug_Tilt_Studyl_Sitel_cenfig Text Document
& osc)
Wiuides
MATLAR £
Memusage
MIMINT
PerfLogs
Program Files
rESOUrCES
richyao
SrnartDraw 2003
TEMP
demodata
. left_motor_cortex
multiSite
. test
models
Brains = (e = = »
4 tems
[

Figure 12b. The new experimental-like files for Site 1
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The derived subdataset for Site 2:

C:TEMP\demodata\test\MutltiSite4\Site2\Doug_Tilt_Studyl_Site2*** (Figure 12c)

N e e

B Documents
& Music
=] Pictures

ﬂ Videos

1M Computer
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HWiSuides
MATLAB
Memusage
MININT
Perflogs
Pragram Files
resources
richyao
SmartDraw 2009
TEMP
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. left_motor_cortex
multiSite
. test
. models

Brains

4 items

Organize = New Folder Include in library «

m

@Qvl | » Computer » OS(C) » TEMP » demodata » test » MultiSited » Site2

Share with =

Name

Doug_Tilt_Studyl_Site2.set
Doug_Tilt_Stucyl_Site2 wil
Doug_Tilt_Studyl_Site2 wi2
Doug_Tilt_Studyl_Site2_config

m

o |

0 @

~ [ 43 ||| Search site2

Figure 12c. The derived experimental-like group files for Site 2

The derived subdataset for Site 3:

C:TEMP\demodata\test\MutltiSite4\Site3\Doug_Tilt_Studyl Site3*** (Figure 12d)

e e
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Figure 12d. The derived experimental-like group files for Site 3
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The derived subdataset for Site 4:

C:TEMP\demodata\test\MutltiSite4\Site3\Doug_Tilt_Studyl_Sited*** (Figure 12e)

Send Fedback ||| B |[mE3m]

@Qe\ |+ Computer » OS(C) » TEMP » demodats b test b MultiSited b Sited ~ [+2 | |[ search sites o

Organize » New Folder Include in library » Share with v =~ Al @

=
I} Documents m Mame Date modified Type Size

o Music
=] Pictures | Doug_Tilt_Studyl_Sited.set
E Videos | Doug_Tilt_Studyl_Sited.wll
|| Doug_Tikt_Stuch1_Sited.wi2
/8 Computer | Doug_Tilt_Studyl _Sited_config
& osc
. HWGuides
. MATLAB
. Memusage
. MININT
. Perflogs

m

. Program Files
. resources
i richyao
. SmartDraw 2009
. TEMP
. demodata
left_motor_cortex
multiSite
test
. models

Erains

4 items

Figure 12e. The derived experimental-like group files for Site 4

Another Type of Measurement Setup

Different sites explored using single source illumination with time multiplexing.

Figure 13 shows an example of a two-site measurement setup and its site-based source-detector
arrangement. The particular arrangement was achieved using a DYNOT 264 system (32 sources, 64
detectors) with half of the available optodes. Here our goal is to separate the data into left and right
regions of the head.

i Detector

. Source and Detector

I Number

Figure 13. Diagram of a two-site measurement setup and its site-based
source-detector arrangement.
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The Original Raw Data Files:

In the considered measurement, the DYNOT imager generated raw data files that contain information
from both sites. The files are named:

1. chris.wll

2. chris.wl2

3. chris.set

4. chris_config.txt

In “chris_config.txt’, we find the following information:

Yo ——————— twoSitesData_config.txt---- - — - ————————————
raw_data _name="chris”;
SamplingRate=;
wavelLength N=2;
source N=16;
detector_N=30;
source_detector _key=[1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
20 21 22 23 24 25 26 27 28 29 30;...

12345678910 11 12 13 14 1516 O O O
O 0 0O O OO O O 0 0 0]:

Subsequently, the config.txt was manually modified to:

%The updated chris _config.txt file:
Yo ————————— The original information--- - - - - - ——— - ——————————
raw_data _name="chris”;
SamplingRate=7.94;
wavelLength N=2;
source N=16;
detector_N=30;
source_detector _key=[1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
20 21 22 23 24 25 26 27 28 29 30;...

12345678910 11 12 13 14 1516 O O O
O 0 0O O OO O O 0 0 0]:
Yo ———— - The updated information---- - - - ———————————————————__
multi_site_N=2;

source_detector_key sitel=[1 2 345 6 7 8 17 18 19 20 21 22 23;...
12345678 0 0 0 0 0O 0 O0];
source_detector_key site2=[9 10 11 12 13 14 15 16 24 25 26 27 28 29
30;...
9 10 11 12 13 14 1516 O O O O O O
0];

Preparation of the site-based information

Table 2 is an example of the user-prepared site-based information identified from the experimental setup
shown in Figure 13 and from the corresponding modified config.txt file.

=17 -
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Table 2. The relationship among source groups and source/detector indices for the Fig. 13 measurement sites.

Source Source/Detector Indexes
Group Site 1 Site 2
1/1 -

2 212 -

3 3/3 -

4 4/4 -

5 5/5 -

6 6/6 -

7 717 -

8 8/8 -

9 - 9/9
10 - 10/10
11 - 11/11
12 - 12/12
13 - 13/13
14 - 14/14
15 - 15/15
16 - 16/16

0 0/17 -

0 0/18 -

0 0/19 -

0 0/20 -

0 0/21 -

0 0/22 .

0 0/23 -

0 - 0/24

0 - 0/15

0 - 0/26

0 - 0/27

0 - 0/28

0 - 0/29

0 - 0/30

Total Source/Detector No. 8/15 8/15

-18 -
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naviSPM

Introduction

The naviSPM module in the Utilities portal uses functionalities found in the SPM (Statistical Parametric
Mapping) freeware package to extend the capability of NAVI to fit users’ needs for statistical analysis of
hemodynamic image time series. Several of the currently favored techniques for interpretation of
neuroimaging data collected during designed experiments are available at this time, for both Level-1
(within-session and within-subject) and Level-2 (across multiple sessions or subjects) analyses. The
functions currently available include: Level-1 general linear model (GLM) analysis of fNIRS
hemodynamic time series images, to evaluate the position-dependent relationships between image values
and user-specified temporal models; and Level-1 and Level-2 assessment of the statistical significance of
the GLM model-fitting coefficients (t-test, ANOVA), or of user-defined contrasts of two or more models.

Launching naviSPM

Select the ‘naviSPM’ option from the drop-down menu in the Utilities portal (lower-right corner of the
NAVI main GUI),

Utilities

Start | nEiSPh |

FEM Model Generator
Rawy Data Editor

— EED

and then click the Start button to launch the main naviSPM GUI. An annotated screenshot of the GUI is
shown in the next figure.
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The functions in this sub-

module are used to access
and edit individual NAVI-
based detector/image data
sets.

/T he functions in this sub-
module are used to view
Level-1 (within-subject)
SPM results, using either
NAYVI-based or SPM-based

\Visualization tools.

/T his sub-module is used to
perform Level-2 (across
subjects) SPM analysis, and
then to view the results using
NAVI-based visualization

Qols.

Statistical Parametric Mapping
(OYMOT-Based Meuroimaging Analysis)

SPM: Level 1 (within-subject)

~XC Single Data Specification

Mo file has been specified yet.

Datatype:  Image - Hb-oxy -]
Specify | |**_datalnfo.mat -

— Model specification, review and

Mumber of groups: | 2 Mumber of subjects: [5, 5]

r g
Specify Review
Resuts Yisualization
MNAVI Viewer SPM Viewer
— SPM: Lewel 2 (hetween-subject
— Muttiple Data Specification
Specify Arrange data order: @ Mo fes

\Con{ras‘t specification, result visuslization

Specify NAVI Viewer

Level-1 Analysis with naviSPM

This sub-module is used to
perform Level-1 (within-
subject) GLM analyses:
specification of design
matrices and estimation of
parameter values.

The functions in this sub-
module are used to access
multiple GLM-derived
detector/image data sets,
which then serve as the input
for Level-2 analysis.

The following steps are carried out using the functions and utilities in the ‘SPM: Level 1 (within-subject)’

module.

Step 1: Specify, edit, and save a NAVI-based detector/image data set.

e In the ‘Single Data Specification’ sub-module, use the drop-down menus in the ‘Data type:’ line
to specify your choice of detector or image data and your hemoglobin isoform selection.

SPh: Lewvel 1 (within-subject)

Single Data Specification

Datatype:  |Imags vj-

Image:

Mo file has bee

Hi-oxy - Data type:

,j Specify | ***_datainfo.mat

Ma file has been specified yet.

SPW: Level 1 (within-subject)

Single Data Specification

v- Hb-oxy vJ.
Hb-oxy

Hb-deoxy
Hi-total

e From the drop-down menu next to the ‘Specify’ button, select ‘*** datalnfo.mat’ (the default
option) to read in a dataset that has not already been processed with naviSPM. Select ‘pre-defined
Hb dataset’ if you want to review or perform additional analysis on a dataset that was processed
with naviSPM on a previous occasion.

— SPM: Level 1 (within-zubject)
Single Data Specification
Datatype: |Image v: Hi-cxy -
" datalnfo mat -

Mo file bas e G S
Pre-defined Hb dataset

|
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e To generate a new NAVI-based data set for GLM analysis (i.e., you are using the
k%% datalnfo.mat’ option):

o Press the ‘Specify’ button, causing a navigator window to pop up. Navigate to the folder
containing the main NAVI-generated datalnfo file for your dataset. Select that file and press
the ‘Open’ button in the window’s lower right corner.

2J Specify Datalnfo File
Look in: I || ketth j - =5 B
L Name) Date modif... Type Size

=
H.ecﬁ:’; . AnalyzedResults
=t Flaces . conditionfiles

- . Detectors

i . Images
Desktop

, Left_Motor_s25d25

j‘“ | naviSPM
I

] . old
Doug ] keith_datalnfo.mat

A
Computer
L

Network

Filz name: Ikeith_datalrrfo.mat

Files of type: | Datainfo Files (*_datalnfo.mat)

o If you selected ‘Image’ from the ‘Data type:” drop-down menu, then the preceding pop-up
window will be replaced by a new one, containing two text fields. Enter the first and last time
frame that you want to include in your GLM analysis; the default settings are 1 and the last
time frame in your dataset. Press the ‘OK’ button.

) Specifmﬂlg "

Starting time (frame):
1

Ending time (frame):
23|

| ok || cancel |

o The preceding pop-up window will be replaced by either the Image Data Editor or Detector
Data Editor GUI, depending on which data type you selected. Other than their title lines,
these GUIs are the same as the ones described in Chap. 7: Block Averaging. Please refer to
that chapter, if necessary, for explanation of how to use the Data Editor GUIs. Press the
Confirm button when you are ready to proceed.
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9] Block Average GUI -> keith_datalnfo [ e

Image Data Editor

FEM Model

%10 Spatial Mean Time Series Over Criginally Specified Hboxy Images

Amplitude

| 1 1 1
0 50 100 150 200 250

Time (s)
Block Average Results New Block Segment Specification
@ Type through Keyboard 0:292:292 seconds v |
@ (7 Specify through Event File (avt)
E [[] Reset
?;:. (") Specify Graphically Using Mouse
P
Newy result will be labeled as 1 it it is saved.
. L L L L
0 50 100 150 200 250
- 1 Existing Block Average Results
Inclivicual Block Average Ima.. -
. Confirm -
[View Existing Block Averaged Results | Graphically -
Save Options (@) Parameter Info () View Result 0
| .
(D) Save (@) Mot Save Mate: 0 saved result is determined.

o The preceding action will cause a navigator window to pop up; naviSPM will generate a
default name for the file that will be created, which the user is permitted to modify. At the
same time, naviSPM will specify a default location for the file, which also is modifiable by
the user. Note that the default file location is a folder called ‘navi_data’, which is a sub-folder
of ‘naviSPM’, which is located in the same folder as the datalnfo file. If the
...\naviSPM\navi_data path does not already exist, naviSPM will create it at this time. Press
the ‘Save’ button in the lower right corner to save the file and close the pop-up window and
Data Editor GUI. At the same time, the ‘Single Data Specification’ sub-module will
automatically update to show the path and name of the datalnfo file that you selected.
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Save in: I |, navi_data

L Name Date modified Type

e .
| keith_image_Hboxy.mat
Recent Places _] -meage- o

Desktop

Doug Pfei

File name: |
Save as type: |MAT-fiIes *.mat)

"

Single Data Specification

Data type:  Image - . Hb-oxy - .

Specify | [***_datalnfo mat b4 .

| Mmavimanuahkeitikeith_datainfo met |

e To load a pre-existing NAVI-based data set for GLM analysis (i.e., you are using the ‘pre-defined

Hb dataset’ option):

o Press the ‘Specify’ button, causing a navigator window to pop up. Navigate to the folder
containing a naviSPM-generated data file for your dataset. If the default file name and path
settings were used when the file was created (as described under the preceding set of bullet
points), then it will be located in a ...\naviSPM\navi_data folder, and the name syntax will be

“#*%* [detector|image] Hb[deoxy|oxy|tot].mat’, where *** is the
originally gave to the raw data files.

name that the user

Single Data Specification

Datatype:  |Image - . Hb-oxy - .

Specify | Pre-defined Hb dataset -|

Mo file has been specified yvet.

"




NAVI User’s Guide naviSPM

i

91 Specify a pre-generated navi datase

| navi_data

Namef Date modif.. Type

] keith_im age_Hboxy.mat

Recent Places A keith_image_Hboxy2 mat

Desktop

L
Doug Pfeil

LY
Computer
L%

Network

File name: |ke'rth_image_Hbmw.mat

Files of type: |MATfiles (- mat)

o Select the .mat file for the dataset that you wish to process and press the ‘Open’ button in the
window’s lower right corner. The pop-up window will close, and the ‘Single Data
Specification’ sub-module will automatically update to show the path and name of the
datalnfo file that you selected.

Single Data Specification

Data type: | Image - - Hb-oxy - .

 Specify | Pre-defined Hb dataset -
| M:navimanualkethinawiSPMinayi_datakeith_image_Hboxy mat |

Step 2: Specify a GLM design matrix, hemodynamic response function, and other parameters for Level-1
GLM analysis.

e In the ‘Model specification, review and estimates’ sub-module, press the ‘Specify’ button to
launch the ‘Parameter Setup for GLM Analysis (Level 1)’ GUIL (Note that the ‘Review’ button
will remain grayed out throughout the naviSPM session, as its functionalities are still under
construction at this time.)

fodel specification, review and estimates
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naviSPM_setParameters_Level

Parameter Setup for GLM Analysis (Level 1)

Directory for GLM results: | \navimanualkethinaviSPMispm_resultst

— Data Infa
Type: Hb State: Sampling Freg. Scans: hesh Mode Mo
Image Hivoxy 2.15 823

NIRS deta file with the directary: [N \navimanuallieith\naviSPinavi_datalkeith_image_Hbaoxy ms

— Model Specification

@ MAVI-based procedu... Confirm Model Specification
1. Specify unit for design |
i b =N |seans hd BF Paremeter Specification
2. Specity basis function: none .,' 61611 6 0 30 ew BF
3. Specify (multiple) conditions: Creste a conditon file?
Load a pre-defined file? none v. View Convolution Model(s)
4. Temporal fitering? | none w | Highpass frequency cutoff (s | 123 View DCT Sat
5. Temporal autocorrelation’s
Pre-coloting: |none .' Gauzsian FWHM (2): 4 View Filter Matrix
Pre-whitening: none = View Filter Matrix (W)
SPM-based procedu... Start Model Specification

o The ‘Data Info’ module has several fields containing (grayed out) information extracted from
the .mat file that was specified in Step 1. Examine the contents of these fields to confirm that

O

you have selected the dataset that you intended.

Directory for GLM resuts | \navimanualbeithinaviSPMispm_resutts)

— Data Info
Type: Hhb State: Sampling Freo.; Scans: Mezsh Made Mo
Image Hhboxy 215 625 3487

MIRS data file with the directory: M \navimanualkeithinavisPiinavi_datalkeith_image_Hboxy me

In the ‘Directory for GLM results:” line of the ‘Data Info’ module, naviSPM supplies a
default location for the output of the computations that will be carried out. If you want the
output to go somewhere else, select the ‘user-defined’ option from the drop-down menu.
Selecting ‘user-defined’ causes a ‘Browse for Folder’ window to pop up, which you can use

either to navigate to an existing folder or to create a new one.
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— Data Info
Tyhe: Hk State: Sampling Freg.: Scans: Mesh Mode Mo
Image Hboxy 215 6525 3457
MRS data file with the directory: M \navimanualkeithinavisPMinavi_datalkeith_image_Hboxy.ms
Directory for GLM results! |p\navimanualkeithinaviSPMispm_resutts) vj

| M navimanuallketh\navisPMispm_resultst
— Model Specification |

Browse For Folder

Pick a Directory

4 | navimanual o
J figures
4 . keith

> 1. AnalyzedResults
. conditionfiles B
. Detectors
. Images
. Left_Motor_s25d25

4 . navisPM e

. navi_data

m

. spm_results
. old
. src_modelgenerater_05102011_p -

Folder: spm_results

o) Comm )

o The ‘Model Specification’ module provides two methods for specification of design matrices
and other user-defined parameters. These are the (default) ‘NAVI-based procedure’ and the
‘SPM-based procedure’. Either one produces a .mat file that holds all the information about
the specified dataset and about the GLM computation. The information is stored in a
MATLAB structure array based on the SPM data structure, and it is stored in a user-
designated folder. The default location for the name syntax for the file is [the folder
containing the dataset’s primary datalnfo file]\naviSPM\ spm_results. The default filename
syntax is ‘naviSPM_’ pre-pended to the name of the file that was generated
(“*** datalnfo.mat’ option) or specified (‘pre-defined Hb dataset’ option) in Step 1.

o The principal difference between the ‘NAVI-based procedure’ and ‘SPM-based procedure’
methods is that the former provides capabilities for the user to explicitly explore models and
parameters before their selection is finalized, and the latter does not.
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— Model Specification

@ MNAVI-based procedu... Confirm Model Specification
1. Specify unt for design scans s
i BF Parameter Specification
2. Specify basis function: | none — 616811 60 30 dew BF
3. Specify (multiple) conditions: Creste & conditon file?
Load & pre-defined file? |none - View Corvolution Model(s
4. Temporal fiteting?  none w | Hiohpass frequency cutoff ()| 123 View DCT Set

5. Temporal autocarrelation

Pre-caoloring: |none -~ | FAussian FPYWHM (3 4 View Filter Matrix
Pre-whitening: none - view Filter Matrix (W
SPM-based procedu... | Start Model Specification

Method 1: Specify the model and other parameters using NAVI-based procedure

1) Select either ‘scans’ (the default) or ‘seconds’ from the ‘Specify unit for design’ drop-down
menu.

1. Specify unit for design | zcans ,'
|

sCans

2. Specify basiz function:

2) Select a hemodynamic response function (HRF) from the ‘Specify Basis Function:” drop-down
menu. The ‘HRF Parameter Specification’ field and ‘View BF’ button, which are grayed out
under the default ‘none’ selection, become enabled when you select any of the other options from
the menu.' Press the “View BE’ button to open a pop-up window containing a plot of the HRF
that you have selected.

! The purpose of using an HRF is to account for the empirical fact that the hemodynamic correlates of a change in
neural activity are not perfectly synchronized with that activity. Thus if a subject is, for example, presented with a
brief visual stimulus (flash of light), the subject’s primary visual cortex activity will increase immediately but the
resulting inrush of oxygenated blood to that region typically will begin 1-2 seconds later, peak ~6 sec after stimulus
onset, and persist for a few tens of seconds. Therefore it is recommended that you select an HRF option other than
‘none’ for your data analyses. (However, you may find that ‘none’ is useful for testing, training and demonstration

purposes.)
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2. Specify baszis function: \nane ] G161 1 60 30
i
3. Specify (multiple) condit ;:ane l'rtc:
Load a pre-defined filg hrf (with time derivative) L

4. Temporal fitering? |non| Fourier set s
Fourier set (Hanning)
5. Temporal autocarrelation Gamma functions

. Finite Impulse Response
Pre-coloring: |none

Boynton
Gauss
Pre-whitening: none - View Filter Matrix [W
g e e o | S 1D -

HRF Parameter Specification

2. Specify basiz function: ke (wit... v' 6161160 32

The number of user-adjustable parameters is different for different HRF types. When you
make a selection, the significance of each parameter is displayed in the MATLAB command
window. For example, if you select the ‘hrf” option (or ‘hrf (with time derivative)’ or ‘hrf (with
time and dispersion derivatives)’), there are seven parameters whose default values can be
modified:

>>

p =

p(l) - delay of response (relative to onset); p(2) - delay of
undershoot (relative to onset) ; p(3) - dispersion of
response; p(4) - dispersion of undershoot; p(5) - ratio of
response to undershoot; p(6) - onset (seconds); p(7) - length

of kernel (seconds) ;

The numerical values assigned to the parameters affect the shape of the plotted function,
influencing features such as the time to maximum and minimum value and the dispersion (width)
of the positive- and negative-going peaks. Because of interactions between the parameters’
effects, the first five do not correspond directly to specific features of the HRF such as the time-
to-peak or the peak width. Even so, each parameter has a primary role in shaping the overall
response function. These are:

p(1). The principal determinant of the time (in seconds) at which the response reaches its
maximally positive value, with respect to the onset of the experimental condition (e.g., the
beginning or the end of a stimulus block that the hemodynamic variables are responding
to). Increasing P1 increases the time-to-peak.

p(2). The principal determinant of the time (sec) at which the response reaches its maximally
negative value, with respect to the onset of the experimental condition. Increasing P2
increases the time-to-peak.

p(3). The principal determinant of the width (sec), or “dispersion,” of the positive-going peak.

p(4). The principal determinant of the dispersion (sec) of the negative-going peak.

-10 -
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p(5). Approximately equal to the ratio (dimensionless) of the maximum positive value to the
(absolute value of the) maximally negative value; the approximation improves as the time
lag between the maximum and minimum values increases.

p(6). The time lag (sec) between the change in experimental condition and the beginning of the
associated hemodynamic response,

p(7). The total duration (sec) of the response function. Note that this does not guarantee that the
response will have decayed away by this number of seconds, only that it will not be
evaluated at longer times. Remember to visually inspect the HRF to ensure that it has the
properties you expect!

File Edit View Insert Tools Desktop Window Help
DEeEda k Qaae € 08 =0
bf: hrf —> Parameter: [6 16 1 1 & 0 32]

0.1

0.08

0.06

0.04

The HRFs corresponding to several of the other menu options, with the default parameter values
selected in every case, are shown in the next figure. You will notice that in some cases a plot
contains more than one curve. In these cases, naviSPM will separately convolve each of the
plotted functions with the experimental design models that you will specify in the next step.

Y Figure 1: Plot bf = Figure 1: Plot bf o=k
IF\IE Edit View Insert Tools Desktop Window Help i | File Edit View Insert Tools Desktop Window Help ~
| — —

Deds kaams €08 = O DEEES ket €08 8O

bf: hrf (with time derivative) —> Parameter: [6 16 1 1 6 0 32] f (with time and dispersion derivatives) —> Parameter: [6 16 1.01 1 6
T T T T T T T T

0.1 . 0.1

008

L 0.08}---

0.06 i 0.06
0o i 0.04
002
0020 F R
0
0
002}
-0.02 : : : B [
i i i | i i 0.04
0 5 10 15 20 25 30
Time [s] Time [s]
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Eerol P ==
File Edit View Insert Tools Desktop Window Help L File Edit View Insert Tools Desktop Window Help ¥
&S kaRads € 0B =0 &S kaRads € 0B =0

bf: Fourier set —» Parameter: [4 32]

TAWWANALN N

bf: Gamma functions —= Parameter: [4 32]
T T T T

0 01 02 03 04 05 06 07 08 X 0 5 10 15 20 25 30
Time [s] Time [s]
File Edit View Insert Tools Desktop Window Help B File Edit View Insert Tools Desktop Window Help N
D& &k RaMe € 08 O D& k& RaMe (¥ 0B O
bf: Finite Impulse Response —> Parameter: [4 32] bf: Gauss —> Parameter: [5 32]
1
| M M —
(U] S R e .
R e Il —
02
0

0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time [s] Time [s]

3) In this next step you will use one of the functionalities available under ‘Specify (multiple)
conditions:’ to generate a measurement-specific design matrix for GLM. The design matrix has
the same number of rows as the number of data time frames in the dataset, and a number of
columns equal to the number of different patterns of hemodynamic variation that you think may
be present in the image or detector data. A simple demonstrational example of a design matrix is:

(1 1 1 1]
1 101
1 011
00 01
01 11
X20101’
1 011
1 0 01
1111
01 01
00 11
10 0 0 I

where the alternating 1s and Os in the first three columns indicate the time frames when an
experimental condition (e.g., a sensory stimulus, motor task, or cognitive challenge) was present
(1 = “on”) or absent (0 = “off”). Models of this type are commonly referred to as “boxcar
functions.” Note, however, that experimental-condition models are not required to be periodic, or
to have “on” and “off” periods of equal duration, or to have only two states. For example, if a task
has more than one difficulty level, the corresponding column of the design matrix might use
values of 0, 1, 2, ... to denote the different levels (0 = “off,” 1 = “easy,” 2 = “more difficult,” ...).
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Alternatively, the design matrix could have a distinct column for each task level, each having the
sort of binary off/on structure as depicted above.

The fourth, constant-value column in the preceding design-matrix example is analogous to
the intercept in the general formula for a straight line. Its purpose is to account for the non-zero
time-average value that may be present in the image or detector time series. In contrast to the
experimental design models considered in the preceding paragraph, this model accounts for a
phenomenon that likely is present in the data (i.e., different mean values in different pixels or
channels) but probably will not be of interest to you. It is included in the design matrix in order to
“soak up” a percentage of the data variance that, if not accounted for in this way, could negatively
impact your ability to see the true effects of the experimental-design conditions. In order to
account for an even larger percentage of the uninteresting data variance, the design matrix also
may include linear, quadratic, and higher-order trend terms in addition to the constant. However,
if it is not convenient for you to specify these yourself, naviSPM has the ability to generate them
for you, as is subsequently described.

A third type of model that sometimes is included in a design matrix is a column of numbers
proportional to an external physiological (e.g., blood pressure) or physical (e.g., accelerometer or
other macroscopic-motion detector) measurement that was performed at the same time as the
fNIRS measurement. These time series are considered because they also may account for some
percentage of the data variance, in a manner that is unrelated to the direct effects of the
experimental design. If you want to include models of this type in the design matrix, it is
necessary to read them into naviSPM from an external ASCII file;> naviSPM is not able to
generate them, and at present they can not be represented in either the .mat-file or the .evt-file
format described below.

If correctly formatted experimental design time series already are present in a file, then use
the ‘Load a pre-defined file?” drop-down menu to select type of file that you are using. The three
file types that are available in the menu are:

e ‘user-defined stimulus design matrix (*.dat)’. The design matrix is stores in an ASCII
text file have the extension ‘.dat’. It has as many rows as there are time frames in the
fNIRS dataset. The number of columns in the file is equal to the sum of the number of
experimental conditions, the number of ancillary measurements, and the number of trend
terms (constant, linear, etc.) that you choose to explicitly specify. Each column specifies
a numerical value for the corresponding model, at every time frame.

3. Specity (multiple) conditions: Create a conditon file

Load a pre-defined file? |none v. View Conv
4

nane
user-defined condiftion file (*.mat)
experimental event file (* evt)

4. Tewporal fiteting? none

5. Temporal autocorrelation’

Pre-coloring:. |none e

2 NIRx imaging systems offer you the ability to record ancillary data collected simultaneously with your fNIRS
measurements in the .evt file that is part of the output of every recording session, and to synchronize the external
data streams with the fNIRS time frames.
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|, condtiorfiles

L Name Date medif... Type

e ;* :
e | 7| boxcar.dat
Recert Places

Desktop

Doug

LY

Computer

L

Network

File name: Ibu:m:ar.dat

Files of type: [ASCllile ("dat)

This data-entry option is the one that you must use if there will be more than two
levels (off/on) in the experimental-condition columns of the design matrix. Note that
naviSPM will automatically generate the constant-valued design-matrix column, so you
should not explicitly include one in your ASCII file.

‘experimental event file (*.evt)’. The starting and ending time frames for the time
intervals in which the experimental condition is “on” are specified in the experimental
.evt file, in a manner similar to that used to indicate the starting and ending time frames
for block averaging (Chapter 7). The naviSPM .evt-file option is still under construction
at this time, and will be made available in a future release of NAVL.

3. Specity (multiple) conditions: Create a conditan file

Load a pre-defined file? |none LI View Conw

nane

user-defined condiftion file {*.mat)
- i &

3. Temporal autocorrelation experimental eent file { -\"ﬂl .

user-defined stimulus design matrix (* dat)

Pre-coloring. |none =

4. Tewporal fiteting? none

‘user-defined condition file (*.mat)’. Parameters sufficient to fully characterize one or
more design-matrix columns of the boxcar type are contained in a MATLAB binary file,
in three cell arrays named ‘durations’, ‘names’ and ‘onsets’. For the demonstration
dataset considered in this user’s guide, the contents of these fields are:

o durations{l1} =31 31 31 31 31 31 31 31

o names{l} = Left Finger tapping

o onsets{l} =54 123 192 261 330 399 468 537
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3. Specify (multiple) conditions: Create & conditan file

Load a pre-defined file?  none Ll Wiew Conwe

naoneg

itering?
4. Temporal fitering™  none user-defined condiftion file {* mat)

experimental event file {* evt)
user-defined stimulus design matrix (* .dat)
Pre-coloring: none e

"

91 Select an user-defined condiftion file (*.mat)

Look in: I , condtionfiles

5. Temporal autocarrelation’

= Namef Date modif... Type
e
Recert Places

Desktop

I

4| condition_scans.mat
] condition_seconds.mat

Doug

A

Computer
A
gl

Metwork

File name: Icondition_scans mat

Files of type: | MATiles (mat)

One way to generate a file having the correct format is to use the ‘Create a condition
file?’ functionality of naviSPM, as described below. Alternatively, if you are a proficient
in MATLAB you can generate a cell array having the indicated format at the MATLAB
command window (http://www.mathworks.com/help/techdoc/ref/cell.html). When you
do, make certain that you use the same time unit [frames (scans), in the preceding
example]

If you do not have a file containing correctly formatted experimental design time series, then
press the ‘Create’ button next to ‘Create a condition file?’ to launch the ‘Condition File Setup for
GLM’ pop-up window, as shown in the following figure.

3. Specify (multiple) condition:s: Creste a conditan file?

Load & pre-defined file? | user-defined condiftio... v View Convolution Model(s)

"
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Condition File Setup for GLM Analysis

— Condition File

Condition file name: condition_scans mat
Directory for condition file: | N \navimanualleith\conditionfilest

Sampling frequency (HZ): 215 @ =cans
Unit for design:

Mo. of conditions: 1 (7) seconds

— Conditiong =) Specification

Speified condition(s)

Close

In the ‘Condition File’ module, you may:

e Accept the default ‘Condition file name:’ or change it to one that you prefer.

e Accept the default location for the conditions file, or else select ‘user-defined’ from the drop-
down menu adjacent to ‘Directory for condition file:’. The latter action will launch a ‘Browse
For Folder’ window, which you can use to navigate to the folder where you want to store the
conditions file, or else create a new folder for that purpose.

e Select the time unit you want for the ‘durations’ and ‘onsets’ cell arrays, using the radio
buttons adjacent to ‘Unit for design:’. (In some cases you may subsequently need to convert
between frames and seconds. To assist you in this, the data sampling rate read from the

datalnfo file is shown in the ‘Sampling Frequency (Hz):’ field, but it is not editable.)

e In the text field adjacent to ‘No. of conditions:’, indicate the number of boxcar-type model
function that you want to include in the design matrix.

After making your selections, press the ‘Specify’ button in the ‘Condition(s) Specification’
module to launch the ‘Specify condition 1’ pop-up window shown in the following figure.
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Onzet(s)
[1,10,30]

Duration(s}
[5.55]

| ok || cancel |

Here you may:
e Accept the default ‘Name:’ or change it to one that you prefer.

e In the ‘Onset(s)’ field, specify the correct starting time frames (or time in seconds, depending
on which unit you selected in the ‘Condition File’ module) for each boxcar segment (e.g.,
each presentation of a particular stimulus) associated with the experimental condition.

e In the ‘Duration(s)’ field, specify the correct starting time (frames or seconds, depending on
which unit you selected in the ‘Condition File’ module) for each boxcar segment associated
with the experimental condition.

Press the ‘OK’ button at the bottom of the window. If you entered a number larger than 1 in the
‘No. of conditions’ field, the window will refresh and the title will change to ‘Specify condition
2’. Repeat the preceding sequence of steps for each remaining experimental condition. The
window will automatically close when you press ‘OK” for the final condition.

Press the ‘Confirm’ button in the ‘Condition(s) Specification’ module to save the conditions
file with the file name and location that you specified in the ‘Condition File’ module; the
‘Condition File Setup for GLM’ window will automatically close. Alternatively, press the ‘Close’
button to exit without saving any of the changes you have made.

After you either load a conditions-defining file or use naviSPM to create one, the ‘View
Convolution Model(s)’ will be enabled, as shown here:

3. Specify (multiple) conditions: Cresate a conditan file?

Load & pre-cefined file?  user-defined condiftio... |§'l-l1ew Convolution Model(s) |

Press that button in order to launch the two windows shown in the following figure. The first one
contains plots of the time series that show the state (e.g., present or absent, difficulty level) of
each experimental condition as a function of time, before (blue curve) and after (green) they have
been convolved with the HRF (the simple ‘hrf” model was used for the example depicted here).
Also shown is the spatial mean time series (red curve) for the hemodynamic variable you are
analyzing, so that you can directly see whether there is good temporal alignment between the data
and the design-matrix models. The second window is a graphical depiction of the design matrix,
after the experimental conditions have been convolved with the HRF. In this second window,
shades of gray are used to represent the numerical values that are shown along the y-axis in the
first window. Note that, as indicated above, naviSPM automatically generates the constant-value
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term (last column) of the design matrix. (Note that these graphics windows will not automatically
close, but must be closed manually.)

conavesvos S ===

File Edit View Insert Tools Desktop Window Help | File Edit View Insert Tools Desktop Window Help ™
IDeEas k fRame || 08| =0 D&k RO ®|(E (D >
Model 1 Design Matrix

Time Frame

The next figures show the convolved models and design matrix for the case of ‘hrf (with time and
dispersion derivatives)’, which is the HRF used to generate results shown in subsequent figures.

¢ Convoluted Design Matrix
File Edit View Insert Tools Desktop Window Help File Edit View Insert Tools Desktop Window Help
DedE KA NE® € 08|58 Dedg HAANS L 08[s ~

Model 1 Design Matrix
12 T T T

1

0.8

0.6

04

02

0

02 LA

300
Time Frame

4) If you want naviSPM to generate design-matrix columns to account for data variance unrelated to
the experimental design, select ‘DCT’ (discrete cosine transform) from the ‘Temporal Filtering?’
drop-down menu. This will enable the adjacent ‘Highpass frequency cutoff (s):” text field and the
‘View DCT Set’ button.

4. Temporal fitering? | none > Highpess frequency cutoff (s 123 View DCT Set

5. Temporal autocarre
E DCT

4. Temporal fitering? DT v | Highpass frequency cutoff (=1 | 128

Press the button to launch the two windows shown in the following figure. The curves shown in
these figures (overlaid colored x-y plots in the first, separated gray-scale surface map in the
second) are additional design-matrix columns that define sinusoidal rhythms having different
frequencies. Their purpose is to “soak up” temporal variability in the hemodynamic data that is
not related to the experimental conditions.
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CaPe e B I

File Edit Wiew Insert Tools Desktop Window Help File Edit View Insert Tools Desktop Window Help ‘N‘
DEEE| | Rams|E DE - EErEINCEREEEE
Discrete consine transform (DCT) set: hpf cutoff =128s DCT set: hpf cutoff =128s

T T T T

. . . . . .
100 200 300 400 500 600
Time Frame

The significance of the number in the ‘Highpass frequency cutoff (s):” field is that
fluctuations with periods longer than the indicated value will be suppressed (i.e., partially
accounted for by the sinusoidal models), while shorter-period fluctuations will be regarded as part
of the signal you are trying to account for with the experimental-condition models. You may enter
a number smaller than the 128-seconds default value if you also want to suppress shorter-period
fluctuations, and press the ‘View DCT Set’ button again to view the result. (Note that these
graphics windows will not automatically close, but must be closed manually.)

4. Temporal fitering? |pcT = | Highpsss frequency cutoff (s)

CEE ==ro

File Edit View Insert Tools Desktop Window Help File Edit View Insert Tools Desktop Window Help
NEHa k| Qaa®s £ 0E =0 L EINEEREERIDE

Discrete consine transform (DCT) set: hpf cutoff =64s DCT set: hpf cutoff =64s

DCT set

[ TV TR T TR T TR}
W~ W N

. . . . . .
100 200 300 400 500 600
Time Frame

5) In order to maximize the accuracy of the statistical inferences that you will draw from the GLM
computations, it is important to account for the fact that the value of a hemodynamic variable at
one time frame is correlated with the values it has at the frames immediately preceding and
following it, and that the correlation falls off as the lag between two time frames increases. This
phenomenon is called “serial correlation.”

Two methods for dealing with serial correlation are available in the ‘Temporal
autocorrelation?’ step. One approach is known as pre-coloring, which means that the data are
assumed to have serial correlations, and the GLM formulation includes a mathematical term that
explicitly models the dependence of the correlation on the time interval between two data values.
The other approach is known as pre-whitening, which means that before the GLM computation is
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performed the data time series are mathematically pre-treated using an algorithm that attempts to
remove the influence of each data value on the ones that come after it in time.

To apply pre-coloring to your data, select either the ‘Gaussian’ or the ‘hrf” option from the
‘Pre-coloring:” drop-down menu. If you select ‘Gaussian’, you will have the option of specifying
a FWHM (full-width at half-maximum; for a Gaussian, 1 FWHM = 2.355 standard deviations)
that is different from the 4-second default value (the FWHM value that you use will presumably
be based on independent estimates you have made on the duration of the serial correlation).

5. Temporal autocorrelation

Pre-colaring: |none ,' Causzian PYHM (=) 4 View Filter Matrix
|
Pre-whitenina Ee s s . View Filter Matrix [W
hrf

5. Tempaoral autocorrelation®

T e L b
Pre-coloring: |Gaussian - | Eaussian PAHM () 4 - View Filter Matrix ]
A |

If you select ‘hrf’, then the GLM computation will proceed under the assumption that the serial
correlation is proportional to the value of the hemodynamic response function, adjusted so that
the maximum serial correlation occurs when the time lag is zero (since every data value is
perfectly correlated with itself).

5. Temporal autocorrelation’s

Pre-coloring: |wrf ,' Gauzsian PYwHM (=0 4 [ Wiew Filter Matrix
|
none .
Pre-whitening cayussian View Filter Matri= {W

hrf

5. Temporal autocorrelstion’

Pre-colaring: i ,' Gaussian PYWHM (=) 4 View Filter Matrix

Press the ‘View Filter Matrix’ button to open a window in which the serial correlation matrix is
displayed as a color-scale map, as shown in the following figure.
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Gaussian serial correlation matrix hrf serial correlation matrix
oo S === O . ==
File Edit View Insert Tools Desktop Window Help £ File Edit View Insert Tools Desktop Window Help LY
DEEE K AaA0e €| 0850 DS kaaN® ¥/ 08 80

To pre-whiten your data, select ‘AR(1)’ (autoregression of order 1; this is the only option
available at this time) from the ‘Pre-whitening:” drop-down menu.

5. Temporal autocorrelation’

Pre-coloring: none ~ | Faussian PYyHM () 4 ew Filter Matrix
Pre-whitening. none v' aw Filter Matriz (W
PM-baszed prgiizlgh] dodel Specification

5. Temporal autocorrelation®

Pre-coloring: none ~ | Zausszian PHM (s 4 ew Filter Mat

Pre-whitening: AR(1) v | | View Filter Matrix (W) |

For every pixel or channel time series in your dataset, the AR(1) algorithm fits the data to a
model of the form x(z,)=a+b-x(¢_,), and it finds those values for the coefficients a and b that

minimize the difference between x(z,) and a+b-x(z_,). The GLM computation subsequently
operates upon the residual, r(#,)=x(f,)—a—b-x(¢_), which has substantially less serial

correlation than the original data. Press the ‘View Filter Matrix (W)’ button to open a window
that displays a color-scale map showing which data values are used as predictors for each
subsequent one, as shown in the following figure. (Note that, since only order-1 autoregression is
used at present, what is seen is a simple identity matrix.)
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6) Press the ‘Confirm Model Specification’ button at the top of the ‘Model Specification’ module, to
generate a design matrix incorporating the experimental conditions, HRF, and more advanced
options that you have specified. During this process a graphics pop-up window will open,
showing a gray-scale map of the columns of the design matrix that are related to experimental
conditions (and also the constant term, but not the sinusoidal trend terms that you may have
specified).

@ MAVI-based procedu... | Caonfirm Model Specification

\J

’7 Model Specification
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¥ SPM8 (Doug Pfeil): Graphics

File Edit View Insert Tools Desktop Window Help Colours Clear SPM-Print  Results-Fig TASKS L]

Statistical analysis: Design

Bn {1l none*hifl)
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images
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Sampling period sec © 046512
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Method 2: Specify the model and other parameters using SPM-based procedure

The SPM-based procedure is still under construction at this time, and will be made available in a
future release of NAVL

1) Select the ‘SPM-based procedure’ radio button located at the bottom of the “Model Specification’
module.

2) Press the ‘Start Model Specification’ button, then follow the program requests in order to
generate the GLM model function(s), HRF, detrending options and serial correlation correction
options that are analogous to those described above.

Step 3: In the ‘Model specification, review and estimates’ sub-module, press the ‘Estimate’
button to start the process of solving the GLM equation: Y = Xp + E.

Model specification, review and estimates

Specify Review
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The variables in the GLM equation are:

e Y is the matrix of hemodynamic data. Its dimensions are N,xN,, where N, is the number of
measurement time frames and N, is the number of pixels (for image data) or channels (for
detector data).

e X is the design matrix that was generated in Step 2. Its dimensions are N,xN,,, where N, is the
total number of models (including the constant and any terms that you may have included to
account for subject motion or other sources of variance not related to the experimental design).

e [ is a N,xN, matrix of numbers that, when multiplied by X, produces linear combinations of
design-matrix columns that are the maximally accurate approximations to the hemodynamic time
series. This matrix is the unknown quantity that is solved for in the GLM computation; hence it is
referred to as the “GLM-parameter matrix” or “GLM-coefficient matrix.”

e E is the “error term” or “residual term.” It has the same dimensions as Y and is the quantity that
the GLM algorithm seeks to minimize (i.e., the more accurately Xp approximates to Y, the
smaller E becomes). The E matrix also is useful for evaluating whether theoretical assumptions
that underlie the GLM technique are violated: for example, ideally every column of E will have
the same standard deviation, the correlation between any two columns of E will be zero, and the
elements of E will be normally distributed.

For estimation of B, naviSPM uses a SPM-based algorithm called ReML (restricted maximum likelihood)
to compute a least-squares solution to an overdetermined system of linear equations. Under ideal
conditions the ReML solution is the same as the solution obtained with any other method for solving
systems of linear equations. But ReML is more robust than other methods to non-ideal effects, such as the
presence of uncontrolled sources of variance in the measurement data.

In practice, you should notice that the estimation process runs quickly if you used a pre-coloring
option to correct for serial autocorrelation (or if you did not use either method). In contrast, if you used
the pre-whitening option, then naviSPM will resort to an iterative nonlinear optimization algorithm to
solve the GLM equation. The optimization algorithm frequently converges, but convergence is not
guaranteed. If it fails to converge for the dataset you are analyzing, you will need to re-generate the
conditions file using a different serial correlation correction.

When the GLM computation is complete, a Help dialog pop-up will open, displaying the path an
name of the output file.

CETE—

The estimated resultz are stored in
M:wnavimanualhkeithhhaviSPMepm_resultz\naviSPR_keith_image_Hboxw. mat and
cah be viewed uzing "naviviewer' or "spmiiewer’ with navisPh.

[

Step 4: Display the results of the GLM computation
e Use NAVI Viewer to display results from your analysis of reconstructed image time series.

o Press the ‘NAVI Viewer’ button in the ‘Results Visualization’ sub-module to launch the
‘NAVI-Based SPM Result Viewer’ GUI shown in the following figure.

’7 Results Yisuslization

SPM Viewer
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) [ o ]

NAVI-Based SPM Result Viewer

— Wieswy SPM results

Specify SPM Result (*.mat) l =-- Please specify an existing SPM result file first.

Wiew Beta Image
Specify Contrast (SPM Contrast Manager)

Specified Contrast:

Save the specified resuts. |ASCI Format v- j

o Press the ‘Specify SPM Result (*.mat)’ button in the ‘NAVI-Based SPM Result Viewer’
GUI. This will open a navigator pop-up window, as illustrated here. Navigate to and select
the naviSPM_*** mat file for your dataset (recall that default location is the [raw data
path]\naviSPM\spm_results’ sub-folder). The path and file you select will appear in the text
field adjacent to the ‘Specify SPM Result (*.mat)’ button. A new text line also will appear in
the GUI, to remind you of how many GLM coefficients were computed in Step 3 (i.e.,
number of models in the design matrix).

M Pick an NAVI-based SPM result file ==

Look in: I |, spm_results j = i EEEE

*} j] navisPM_keith_image_Hboxy.mat
ert Places

Desktop

U

Doug

J_:. Namef Date medif.. Type Size

Computer

[

Network

File name: I

Files of type: [MATiles (mat)
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¥ naviSPM_resultsViewer

NAVI-Based SPM Result Viewer

— Wiewy SPM results

[SFECif&" SPM Result (*.mat) ] I \navimanualkethinaviSPMispm_resutsinaviSPM_keth_image_t

Thete are 4 GLM coefficierts (betaz) found in the specified SPM results.

Beta Image . Eeta:

Specify Contrast (SPM Contrast Manager) p-value:

Specified Contrast:

[T] save the specified resuts. | ASCI Format - | ﬂ

o From the drop-down menu adjacent to the ‘View’ button, select the GLM-related parameter
that you want to view. The available menu selections, as shown in the following figure, are:

93 naviSPM_resultsViewer

NAVI-Based SPM Result Viewer

— Wiewe SPM results

[Speciﬁr SPM Result (* mat) ] M \navimanualkethinaviSPMispm_resuts'navisSPM_keith_image_F

There are 4 GLWW coefficients (betasz) found in the specified SPM results.

Beta Image vJ. Eeta: 1

- Beta Image
SPECITY O Cortrast Image
ResMS Image
Specified Cont SPMit} Image

SPMit} Image Thresholded
[ savethe sp SPMF } Image

SPMIF } Image Thresholded

= ‘Beta Image’: A “beta” (i.e., Greek letter f) is one of the coefficients that the GLM model
uses to explain fluctuations in the image data in terms of the temporal models in the
design matrix. This is expressed mathematically as y(¢) = f12x1(¢) + faox2(?) ... + Barxad?),
where y(f) is the time-varying image value in a given image voxel, and x(¢), x,(¢), ...,
x)(f) are the models included in the design matrix. The ReML algorithm finds the
specific values for S, f, ... , i that make the two sides of the preceding equation as
nearly equal as possible.

= ‘Contrast Image’: A contrast is a weighted sum of one or more models from the design
matrix, embodying a biological hypothesis that you wish to evaluate. For example,
suppose that the models x,(¢) and x,(¢) tell you when two different experimental stimuli
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(e.g., a low-pitched sound and a high-pitched sound) were presented to the subject, and
you want to know if the second induces a larger hemodynamic response than the first
does. The resulting contrast image will show you the value of the difference 5, — f,
which is close to zero in voxels where the two experimental conditions have comparable
effects, positive in voxels where the second has a larger absolute effect that the first, and
negative in voxels where the first has a larger absolute effect that the second.

= ‘ResMS Image’: The term ‘ResMS’ is an abbreviation for “residual mean square”; in
other words, a ResMS image shows you the spatial distribution of values in the E matrix
described above (see Step 3). Inspection of this image, which ideally will show little if
any spatial structure, can assist you in deciding how well your design matrix satisfies the
theoretical assumptions underlying the GLM analysis.

= ‘SPM({t} Image’: Interpretation of beta and contrast values can be difficult, because they
are determined by two distinct factors: 1) how closely the time-varying GLM models
approximate the time-varying hemodynamic image values; 2) the magnitude or amplitude
of the fluctuations in each voxel. To allow for an unambiguous assessment, naviSPM can
compute a t-statistic that simultaneously considers both of the preceding factors. The t-
statistic is a normalized, dimensionless number. Let us continue to use the hypothetical
example considered in the ‘Contrast Image’ item. Then the SPM{t} image has positive
values in voxels where the second experimental condition has a larger relative effect that
the first, and is negative in voxels where the first has a larger relative effect that the
second.

=  ‘SPM{t} Image Thresholded’: For the preceding menu option, the displayed image will
show you the t-statistic values in all image voxels. But the computed value of a t-statistic
will rarely be exactly zero, even in voxels where the hemodynamic effects of the two
experimental conditions really do have the same amplitude. If you choose the ‘SPM{t}
Image Thesholded’ option, the displayed image will have non-zero values in only the
voxels where the t-statistic is statistically significant and is positive-valued. (To see
which voxels have statistically significant negative t-statistic values, it is necessary to
specify another contrast that reverses the algebraic signs of the first contrast.)

= ‘SPM{F} Image’: Some biological hypotheses involve comparisons of three or more
experimental conditions. For example, you may want to know if there are any differences
among the hemodynamic responses elicited by three auditory stimuli, that is, whether or
not S, f> and f; are all the same. Other hypotheses involve comparisons among two or
more contrasts, for example, if f,—/f; is different from f;—pf,. These types of
comparisons can be performed by using the F-test capability of naviSPM. The F-statistic
is a dimensionless quantity that has large values if the experimental conditions induce
different hemodynamic responses (which in turn give rise to different beta values or
contrasts of beta values).

= ‘SPM{F} Image Thresholded’: If you choose the ‘SPM{F} Image’ option, the displayed
image will show you the F-statistic values in all image voxels. If you choose the
‘SPM{F} Image Thesholded’ option, the displayed image will have non-zero values in
only the voxels where the F-statistic is statistically significant.

o Example for viewing a beta image:
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= Select ‘Beta Image’ from the drop-down menu.

Beta Image

There are 4 GLM coefficients (betas) found inthe specified SPM results.

- Eeta: 1

»  Enter a model number (i.e., design-matrix column) in the ‘Beta:’ text field.

= Press the ‘View’ button. The spatial distribution of the GLM coefficient you have
selected will be displayed in a GUI having the same appearance and functionalities as the
GUI for viewing reconstructed images (Chapter 6).
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o Example for viewing a contrast image:

= Select ‘Contrast Image’ from the drop-down menu. This will disable the ‘Beta:” field and
enable the ‘Specify Contrast (SPM Contrast Manager)’ button.

| Specify Contrast (SPM Cortrast Manager) |

Specified Contrast:

= Press the ‘Specify Contrast (SPM Contrast Manager)’ button to launch the ‘SPM contrast
manager’ GUL.

Contrast Image - .

[ Specify Contrast (SPM Cortrast Manager) |

Specified Contrast:

» Press the ‘Define new contrast...” button in the ‘SPM contrast manager’ window. This
will launch the ‘define contrast..’ utility. In the ‘name’ field, enter a name for the
contrast you are going to define. In the ‘#ype’ field, select the ‘t-contrast’ radio button.

Select contrasts...

[IZ@) t-contrasts || F-contrasts all ‘

FE Fupe) - name
no T contrasts defined -

1o confrast(s)

Design matrix

- [ [ [ |
I Reset | Done parameter estmabiliy

| 2]

=  For this demonstration, we will consider the hypothetical example described above: the
models x;(f) and x,(¢) tell you when two different experimental stimuli (e.g., a low-
pitched sound and a high-pitched sound) were presented to the subject, and you want to
know if the second induces a larger hemodynamic response than the first does. Place the
cursor in the ‘contrast’ field and type “-1 17, then press the ‘...submit’ button. (A value of
0 is automatically assigned to all models that follow the last one that you explicitly
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assigned a value to. If you were interested in the difference between the first and third
GLM models, then you would type “-1 0 1” in the ‘contrast’ field.)

S5PM contrast manages

name

@

fipe

» Examine the graphical display of the contrast you have defined, in the right-hand side of
the ‘SPM contrast manager’ window, to ensure that it is what you intended. When you
are satisfied, press the ‘OK’ button near the bottom of the window. Then press the ‘Done’
button near the bottom of the ‘SPM contrast manager’ window.

5PM contrast manage:
name

firpe
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Select contrasts...

| F-contrasts all ‘

R Hupe)  name

001 {T} : lowpitchhighpitch -

Diesign matrix

mmm— I
Done || parameter estimatility

Define new contrast... | Reset

]

= Press the ‘View’ button in the ‘NAVI-Based SPM Result Viewer’ window. Proceed as in
the ‘Beta Image’ case.

Contrast Image - .

Specify Contrast (SPM Contrast Manager)

Specified Cortrast: T-contrast

i ImageView (Contrast Image:[-1 1 0 0]}
File Edit View Insert Tools Desktop Window Help Others

Display Options:

Hb State: Hooxy -
Axial View (Top to Bottom)

Orthogonal View
Change Display Grid
Rescale Image

Create Slice Animation

Overlay on MRI Image
Th

-8.34e-008 9.55e-008 3.20e-007
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=  NOTE: Although you can go through the motions of defining an F-contrast instead of a
t-contrast, you will get the following warning dialog pop-up when you press the ‘View’
button. At this time naviSPM is not set up to display F-contrast values directly.

<} Warning Dialog 0] x|
Pleasze zpecify a t-contrast before viewing the image.

o Example for viewing a ResMS image:

= Select ‘ResMS Image’ from the drop-down menu.

Wiew | ResMS Image -

=  Press the ‘“View’ button, and proceed as in the ‘Beta Image’ case.

ImageView (REsMS Image: error estimate!

File Edit View Insert Tools Desktop Window Help Others k]

---n-- =
|

Hh State: |Hooxy -
Axial View (Top to Bottom)

‘ Orthogonal View |

‘ Change Display Grid ‘

‘ Rescale Image ‘

Create Slice Animation

| Overlay on MRI Image ‘

--H--E

1. 499 029

8.04e-015 1.81e-014

o Example for computing and viewing a SPM {t} image:

= Select ‘SPM{t} Image’ from the drop-down menu. This will enable the ‘Specify Contrast
(SPM Contrast Manager)’ button.
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| Specify Cortrast (SPM Contrast Manager) |

Specified Contrast: | T-contrast |

= Press the ‘Specify Contrast (SPM Contrast Manager)’ button to launch the ‘SPM contrast
manager’ GUI.

| View | |sPuit image -

Specified Contrast: | T-contrast |

= Proceed as in the ‘Contrast Image’ case.

o Ifyou want to generate a t-statistic map for a single model, you can enter a single “1”
in the ‘contrast’ field. Enter “1” to get a t-statistic map for the first model, “0 1” for
the second model, “0 0 1” for the third, etc.
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SPM contrast manage:

SPM contrast manage:

001 {T} : lowpitchhighpitch

}: del

[A=a=R=R=Ry
| view :lSPMﬂ}hnage ,]

| Specify Confrast (SPM Cortrast Manager) |

Specified Contrast: | T-cantrast |
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ImageView (SPM‘{t} Image: t-statistic maj

File Edit View Insert Tools Desktop Window Help Others

Display Options:

|

Hb State: |Hooxy -
Axial View (Top to Bottom) -

Orthogonal View
Change Display Grid
Rescale Image

Create Slice Animation

Overlay on MRI Image

[
)
)
)
)
P
F

-3.92e+000 5.47e-002 5.02e+000 ¥ -

o Example for computing and viewing a thresholded SPM{t} image:

Select ‘SPM{t} Image Thresholded’ from the drop-down menu. This will enable the
‘Specify Contrast (SPM Contrast Manager)’ button and the ‘p-value:’ text field.

— 1
View || |SPM{t}image Thresholded - [l Eeta: 1
_____________ -
I Specify Contrast (SPM Contrast Manager) I p-walle: 0.0s

Enter a statistical significance level in the ‘p-value’ field. For example, if you enter
“0.05,” the resulting plot will show you the t-statistic values in all voxels where the
contrast is statistically significant at the p<0.05 level (one-side t-test, not corrected for
multiple tests). In all other voxels, the original t-statistic values will be changed to zero.

View SPM{t} Image Threshaolded - Eeta: 1
I Specify Contrast (SPM Contrast Manager) I | B-value 0.05 I
. |

Press the ‘Specify Contrast (SPM Contrast Manager)’ button to launch the ‘SPM contrast
manager’ GUL

Proceed as in the ‘Contrast Image’ case.
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B [mageView (Thresholded SPM{t} Image: p-value = 0.05 [
File Edit View Insert Toaols Desktop Window Help Others »

---Hu- T

Hh State: |Hooxy
Axial View (Top to Bottom)

| Orthogonal View ‘

| Change Display Grid |

Rescale Image

Create Slice Animation

| Overlay on MRI Image |

EEIrT

0.00e+000 2.08e+000 4.69e+000

= To change the p-value threshold, simply enter the new value in the ‘p-value’ field and
press the ‘“View’ button. It is not necessary to repeat the contrast specification process.

o Example for viewing a SPM{F} image:

=  Select ‘SPM{F} Image’ from the drop-down menu. This will enable the ‘Specify
Contrast (SPM Contrast Manager)’ button.

Specified Contraszt: -cortrast

= Press the ‘Specify Contrast (SPM Contrast Manager)’ button to launch the ‘SPM contrast
manager’ GUL.

Wiew SPMIF } Image -

Specified Contrast: -COrtrast
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Press the ‘Define new contrast...” button in the ‘SPM contrast manager’ window. This
will launch the ‘define contrast..’ utility. In the ‘name’ field, enter a name for the
contrast you are going to define. In the ‘type’ field, select the ‘F-contrast’ radio button.

e fupel - name
001 {T}: lowpitchhighpitch
002 {T} : tstatsinglemodel

For this demonstration, we will consider the hypothetical example of three distinct
experimental auditory stimuli: there may be a difference between the hemodynamic
responses associated with the first and second, and there may be a difference between the
hemodynamic responses associated with the first and third, and you want to know
whether there is a significant difference between the differences anywhere in the brain.
Place the cursor in the ‘contrast’ field and type either “1 -1 [Enter key] -1 0 1” or “1 -1 0
0; -1 01 0”. Then press the ‘...submit’ button.

name

L
[ —
I —
I
I —
—
I
I —
[

|
|
|
s L
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» Examine the graphical display of the contrast you have defined, in the right-hand side of
the ‘SPM contrast manager’ window, to ensure that it is what you intended. When you
are satisfied, press the ‘OK’ button near the bottom of the window. Then press the ‘Done’
button near the bottom of the ‘SPM contrast manager’ window.

Hatme

L
[
—
I —
I —
I —
I
I —
I

111111

|
|
|
s L

= Press the ‘View’ button in the ‘NAVI-Based SPM Result Viewer’ window. Proceed as in
the ‘Beta Image’ case.
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u ImageView (SPM{F} Image: F-statistic ma :E

£

File Edit View Insert Tools Desktop Window Help Others

Display Options: I
1
|

Hb State: |Hooxy -
Axial View (Top to Bottom) -

I Orthogonal View J

I Change Display Grid I

I Rescale Image I

Create Slice Animation

I Owerlay on MRI Image I

341e+000 6.49e+001 1.42e+002 L

o Example for viewing a thresholded SPM{F} image:

Select ‘SPM{F} Image Thresholded’ from the drop-down menu. This will enable the
‘Specify Contrast (SPM Contrast Manager)’ button and the ‘p-value:’ text field.

r
I SPMIF } Image Thresholded - (1 Eeta: 1
ot |

I Specify Contrast (SPM Contrast Manager) J p-value: 0.0s

Specified Contrast: F-contrast

Enter a statistical significance level in the ‘p-value’ field. For example, if you were to
enter “le-12,” the resulting plot would show you the F-statistic values in all voxels where
the contrast is statistically significant at the p<le-12 level (not corrected for multiple
tests). In all other voxels, the original F-statistic values will be changed to zero.

SPM{F } Image Thresholded - Eeta: 1
I Specify Contrast (SPM Contrast Manager) I p-valle;

Press the ‘Specify Contrast (SPM Contrast Manager)’ button to launch the ‘SPM contrast
manager’ GUI.
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»  Proceed as in the ‘SPM{F} Image’ case.

(f i
B ImageView (Thresholded SPMF} Image: p-value = 1e-017) [P
File Edit WView Insert Tools Desktop Window Help Others N

Display Options:

|

Hi State: |Hooxy -
Axial View (Top to Bottom) -

I Orthogonal View I

I Change Display Grid ]

I Rescale Image I

Create Slice Animation

[ Overlay on MRI Image I

FEM Model:

' B K
all
Al
2113
Al
E R
A10A

0. [][]e+l][][] 6.30e+001 1.42e+002 Vo I

o Ifyou specify a contrast matrix containing only one row, then the resulting F-test will
be equivalent to a two-sided t-test performed on the same contrast. The reason is that
in this special case, the F-statistic value for any voxel is the square of the t-statistic
value for that same voxel. That is, F-statistic values are always non-negative, whereas
t-statistics may be either positive or negative. Thus the thresholded SPM{F} will
have non-zero values in all voxels where the F-statistic is statistically significant,
whether the contrast value is positive or negative.

» To change the p-value threshold, simply enter the new value in the ‘p-value’ field and
press the ‘View’ button. It is not necessary to repeat the contrast specification process.

e Use NAVI Viewer to display results from your analysis of detector-channel time series. The
NAVI Viewer utility for detector time-series data is still under construction at this time, and
will be made available in a future release of NAVL.

e Use SPM Viewer to display results from your analysis of reconstructed image time series. The
SPM Viewer is still under construction at this time, and will be made available in a future
release of NAVI
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Level-2 Analysis with naviSPM

The following steps are carried out using the functions and utilities in the ‘SPM: Level 2 (between-

subject) module.

Step 1: Specify and load multiple SPM Level-1 data sets.

e In the ‘Multiple Data Specification’ sub-module, enter the number of groups in the ‘Number of
groups:’ field, and the numbers of subjects in each group in the ‘Number of subjects:’ field.

Specify the
number of
groups.

naviSPM

Statistical Parametric Mapping
(DY MNOT-Based Meuroimaging Analysis)

— 5Pt Level 1 (within-sukject)

— Single Data Specification

Datatype:  Image

Specify | |***_datalnfo.mat

Mo file bas been specified yet

— Model specification, review and

— Results Visualization

NAVI Viewer

SPM Viewer

P Level 2 (between-subject)

Muttiple Data Specification

Arrange cata order:

Mumibet of groups

@) No es

Specify the
number of subjects
in each group.

2 Mumber of subjects: [5, 5]

— Contrast specification, result visualization

Specify MNANI Viewer

e Press the ‘Specify’ button to launch a navigator window, as shown in the following figure. Use it
to navigate to and select a naviSPM_ *** mat file containing previously generated Level-1 results,
for each subject in turn.

— SPM: Level 2 (hetween-subject)

| | :
Specity Arrange data orcer:
1 l

Murnber of groups:i' 2 | Mumber of suhjects:é- [2,2]

— Contrast specification, result visulization

&N Yiewer
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Specify Group1 Subject1 NAVI-based SPM result file

Look in: |’f‘_:}spm_resuhs j & =5 Eol-
. @ navisPM_hc011_image_Hboxy.mat
i & @naviSPM_th11_image_Hbt0t3.mat

@ navisPM_hc011_image_Hboxy3.mat
My Recent @naviSPM_th 11_image_Hbdeoxy3.mat
Documents | A \isPM_hc011_image_Hbtot2.mat
@naviSF‘M_th 11_image_Hboxy2.mat

; '@naviSF‘M_th 11_image_Hbdeoxy2.mat

T navisPM_hc011_image_Hbtotl.mat

Ceain @naviSF‘M_th 11_image_Hboxy 1.mat
- @ navisPM_ha011_image_Hbdeoxy 1.mat
// [CascI
My Documents

My Computer  File name: |naviSPM_hc:D'| 1_image_Hbtot 1.mat j Iﬂ%l
i  Fiesoftype: |MAT iles (mat) = el |

So that you won’t lose your place during the process of loading multiple datasets, the title bar
initially reads ‘Specify Groupl Subject] NAVI-based SPM result file’, and after the first file
is loaded this changes to ‘Specify Groupl Subject2 NAVI-based SPM result file’, etc. After
the file for the last subject in the first group has been loaded, the title changes to ‘Specify
Group2 Subject] NAVI-based SPM result file’, etc.

However, naviSPM does not compare the names of the files that you load to ensure that they
are all of the same data-type field (“ image ” vs. “ detector ) or the same hemoglobin
isoform field (“ Hbdeoxy” vs. “ Hboxy” vs. “ Hbtot”), or to ensure that you haven’t loaded
the same file more than once. Carefully examine the name of each file before pressing the
‘Open’ button, to ensure that you are loading the correct one.

If the design matrices for different subjects don’t all have exactly the same ordering of
experimental conditions, then it is necessary for you to re-arrange the columns of the design
matrices so that they do all have the same condition order. To do this, select the ‘Yes’ radio
button adjacent to ‘Arrange data order:’. This will launch a user interface that allows you to
permute the design-matrix columns for selected data sets, in a convenient way.

O

— SPM: Lewvel 2 (hetvween-zubject)
— Multiple Data Specification

Specify Arrange data order: ThMo (5 Yes

MNumber of groups: i _2 | Numberofsubjeds:i_[z;l-ﬁ]- |

— Contrast specification, result visulization

Specify AN Wiewer

Identify which dataset(s) need re-sequencing of design-matrix columns, by entering the group
number in the ‘Group:’ field and the subject number(s) in the ‘Subject(s):” field. Note that if
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two or more subjects in a single group have the same incorrect ordering of design-matrix
columns, you may permute the columns of all of their design matrices in one operation.

) naviSPM_ConditionOrder =13

Adjust Order of Conditions in Loaded Data

— Specify Data & Order

Specify Data:: Group: [ 1 |
|

:Subject(s): | 121 | 1

Specify Order:

Old Condition Order. | ' 56 7] |

Mew Condition Order: | M623457) |

[ Confirm ] ’ Acljust more data ] [ Close ]

o In the ‘New Condition Order:’ field, enter the sequence in which you want to arrange the
design-matrix columns, so that they will match the ordering of columns in the other datasets’
design matrices.

} naviSPM_ConditionOrder (=13

Adjust Order of Conditions in Loaded Data

— Specify Data & Order

Specify Data: Group: [ 1

Suhject(s): | 2] |

Specify Order:
Old Condition Order; | } 55 7] |

[ Confirm ] ’ Adjust more data ] [ Close ]

o Press the ‘Confirm’ button the implement the re-ordering that you have specified.

-43 -



NAVI User’s Guide

) naviSPM_ConditionOrder

— Specify Data & Order

Adjust Order of Conditions in Loaded Data

Specify Data:

Group: [ 1

Subject(s) |

12]

Specify Order:

0Old Condition Order; |

Mewy Condition Order: |

623457 |
Feooooo
I[ Confirm ]l ’ Acljust more data ] [ Close ]
—— = = d

naviSPM

o Press the ‘Adjust more data’ button if there are additional datasets with inconsistently ordered
design-matrix columns, or ‘Close’ to close the ‘Adjust Order of Conditions in Loaded Data’

window.

} naviSPM_ConditionOrder

— Specify Data & Order

Adjust Order of Conditions in Loaded Data

Specify Data:

Group: [ 1

Subject(s): |

121

Specify Order:

Old Condition Order; |

Mew Caondition Order: |

Hez3457|

[ Canfirm

] 1 ’ Adjust more data ]: I[

Step 2: Specify the F-test contrast matrix or t-test contrast matrix.

Press the ‘Specify’ button in the ‘Contrast specification, result visualization’ sub-module. This

will launch the ‘SPM contrast manager’ GUI.

— SPh: Level 2 (hetvween-zubject)

— Muttiple Data Specification

Arrange data order: (ThNo (3 Yes

— Contrast specification, result visulization

g |
| Specify I

MAN] Yiewer

- 44 -



NAVI User’s Guide naviSPM

<} |SPM contrast manager

~ Select contrasts...
’V fenrast (=) F-cortrasts 2l J
ﬁ&ype} :hame
Design matrix
Define new confrast.. | Reset | Dore ] ' paratieter estinabiity

e Press the ‘Define new contrast...” button in the ‘SPM contrast manager’ window. Proceed in the
same manner as described above for generating Level-1 SPF{F} images or Level-1 SPF{t}
images.

o The type of biological hypothesis that you will most commonly be evaluating is that an
experimental condition, or some combination of conditions, elicits a different hemodynamic
response in one group of subjects than in another group. For example, suppose that:

= Models x(¢) and x,(?) tell you when a low-pitched and a high-pitched sound, respectively,
were presented to the subjects.

* One subject group comprises people who play musical instruments professionally, while
the other group consists of control subjects who work in other fields.

*  You want to know if the difference between the hemodynamic responses to the two
sounds is larger in the first subject group than in the second.

=  The design matrix for each subject also includes three other temporal models that are not
relevant to this hypothesis.

*  You would test the preceding hypothesis by specifying

Constant term in

Design matrix models Design matrix models composite (2-group)
for subject group 1 for subject group 2 design matrix
I* contrast — [—1 10000 0O0OO0OO 0}
2™ contrast—> L 0O 0 0 0 0 1 -1 0 0 0 0

as the F-contrast matrix.

= Note that it is also permissible to specify a contrast (i.e., an individual row of the contrast
matrix) that includes information from both groups. For example, suppose that the
biological hypothesis you want to evaluate is that there is a difference between the inter-
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group response differences for experimental condition 3 and for experimental condition
4. You can test that hypothesis by specifying

001 00O0O0-1000
000-100O0 O01O0FPO

as the F-contrast matrix.

o Ifyou are testing a hypothesis involving a simple comparison between two conditions, it may
be more appropriate to perform a t-test. For example, suppose that the biological hypothesis
you want to evaluate is that there is a difference between the two groups’ hemodynamic
responses to condition 5. You can test that hypothesis by specifying

[0 00010000 -1 0]

as the t-contrast matrix.

e  When you press the ‘Done’ button in the ‘SPM contrast manager’ window, a pop-up window will
open asking if you want to save the contrast-generation results (default answer is ‘yes’), and
suggesting a name for the results file. If you wish, you can modify or replace the file name.
Pressing the ‘OK’ button will simultaneously close the pop-up window and launch a navigator
window, which you can use to select a folder in which to save the results (default is the current
directory of MATLAB).

Step 3: Viewing a SPM{F} image, or a thresholded SPM{F} image.
e Press the ‘NAVI Viewer’ button in the ‘Contrast specification, result visualization’ sub-module.
This will launch the ‘NAVI-based SPM Result” GUI.

— SPM: Level 2 (hetween-zubject)
— Multiple Data Specification

Arrange data order: O Mo @ Yes

Murmber of groups: | 2 | MNumber of subjeds:% 12,21

— Contrast specification, result visulization

|
Specify | MAY] Yigwer :

-} naviSPM_resultsViewer L2

NAVI-Based SPM Result Viewer

Wiewy SPM Level 2 Result

EéPM{F}Image v.E p-value: (i
Saved results

[asci Format v
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e Select an option (‘SPM{F} Image’, ‘SPM{F} Image Thresholded’, ‘SPM{t} Image’, ‘SPM{t}
Image Thresholded’) from the drop-down menu that is adjacent to the ‘View’ button.

o Press the ‘Load’ button to launch a navigator window. Use it to locate and select a file
containing the Level-2 contrast that you want to view, and press the ‘Open’ button to load it.

* The only exception to the preceding would occur if you are still in the same naviSPM
session in which you generated the Level-2 contrast you want to view, and it is the most
recently generated contrast, and you have selected the correct contrast type (i.e., F or t)
from the drop-down menu. In this case, you can bypass the ‘Load’ operation and simply
press the ‘View’ button.

o If you selected one of the ‘Thresholded’ items from the drop-down menu, enter your choice
of significance level in the ‘p-value:’ field.

e Press the ‘View’ button. The spatial distribution of the t- or F-statistic you have selected
will be displayed in a GUI having the same appearance and functionalities as the GUI for
viewing reconstructed images (Chapter 6).

-} ImageView (SPM{F} Image: F-statistic map)
File Edit ‘iew Insert Tools Desktop ‘Window Help ©Others £

Display Options:
---- [ |
Hb State: '
Axial View (Top to Bottom) s
I Orthogonal View J
I Change Display Grid I
. _'g."' i I Rescale Image I

[ Overlay on MBI Image l

FEM Model:

_

0.00e+000 3.11e+000 7.00e+000

o Ifyou chose either the ‘SPM{F} Image’ or the ‘SPM{t} Image’ option, the displayed
image will show you the statistic values in all image voxels. If you chose either the
‘SPM{F} Image Thesholded’ or the ‘SPM{t} Image Thesholded’ option, the
displayed image will have non-zero values in only the voxels where the statistic is
statistically significant.
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AppendiX: Monkey Brain Atlas

Introduction

We have developed a rhesus-monkey brain atlas, for DYNOT/NIRScout users whose research
interests include 3D optical image reconstruction and functional mapping of the monkey
brain. The atlas is based from two MRI maps: a whole-head image obtained from a single
animal, and a group-average brain-only image derived from scans of 112 animals. For our
atlas, we replaced the brain elements of the whole-head image with the group-brain image.
The resulting hybrid atlas will be representative of a larger number of individual animals.

Hybrid Monkey Map & Segmentation

In order to produce the hybrid rhesus monkey atlas, it was necessary to merge a high-
resolution 3D MR image of a rhesus monkey head (healthy, young, male) and a population-
average MRI-based rhesus macaque brain atlas (112 monkeys: 80 males, 32 females
[D.G. McLaren et al., Neurolmage 45, 52 (2009)]). By carefully measuring the dimensions of
the single-animal brain and the group-average brain along their principal axes and executing
an affine transformation, we substituted the group brain for the individual brain to produce the
hybrid monkey atlas. Figures A1-A3 show the individual rhesus monkey head, the group-
averaged brain and the hybrid rhesus monkey head MR images, respectively.

Figure Al. Individual rhesus macaque MRI
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Figure A2. Group-averaged rhesus macaque brain MRI

Figure A3. Hybrid rhesus macaque head MRI

The hybrid monkey head has been segmented into six tissue types: skin, muscle, skull,
cerebrospinal fluid (CSF), gray matter, and white matter. Figure A4 shows a representative
segmented 2D axial section, where skin is color-coded white, muscle is light blue, skull is
blue, CSF is yellow, gray matter is red, and white matter is green.

(@) Hybrid MRI map (b) Segmentation of hybrid MRI map

Figure A4. Segmentation of hybrid rhesus macaque atlas
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FEM Mesh & Models

Based on the segmentations of the hybrid monkey head, we have generated 3D finite element
method (FEM) meshes for numerically solving the diffusion equation constituting the forward
problem of diffuse optical tomography (DOT). Taking the characteristics of optical imaging
(e.g., light penetration depth of several centimeters) into account, the whole monkey head is
divided into several optical imaging regions/pieces, and then a segmented FEM mesh was
generated for each region. Axial, coronal and sagittal views of one of the region meshes is
shown in Figure A5.

Figure A5. Segmented FEM mesh of an optical imaging region

In order to reconstruct the 3D optical images of monkey brain, we need to load into NAVI the
FEM model that matches the experimental imaging region and source/detector configuration.
A FEM model contains reference detector readings and weight functions that can be obtained
by numerically solving the DOT forward problem. The monkey brain FEM models for each
of the imaging regions have been computed and saved in a FEM model database.

As an example, Figure A6 illustrates a monkey-brain FEM model that has 64 sources and 64
detectors on the skull surface. The imaging region for this model is shown in Figure A5. The
FEM model is saved in ...\NIRXpackage\NIRX_ NAVI\navi_models\monkey brain_64x64\".
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Figure A6. A monkey FEM model with 64 sources and 64 detectors

FEM Model Generator

You can use the ‘FEM Model Generator’ module in the Utilities portal of NAVI to generate a
monkey brain model that matches the user-defined source/detector geometry. The steps are
detailed in Chapter 9 of NAVI User’s Guide. The ‘FEM Model Generator’ GUI is illustrated
in the following figure:

. (Generate Forward FEM Model

Generate Forward FEM Model

FEM Model Information

set Soures Psions
Set Detector Positions
Generate Reference Medium Detector Readings

and Weight Function

View FEM Model Information

Forward FEM Model Running Status:

Please "Load" FEM model information file first!
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Image Reconstruction & Functional Mapping

The steps involved in using NAVI to reconstruct monkey brain optical images are the same as
those that are described in detail in Chapters 1-6 of the NAVI User’s Guide. When you use
NAVI’s Hemodynamic Image Viewer to display reconstructed 3D monkey brain images, the
viewer will overlay the optical images onto the hybrid monkey brain MRI if you click the
‘Overlay on MRI Image’ button and select a sliced image by mouse (see Chap. 6 for a
complete description of this functionality). Figures A7 and A8 show an example, in which
the Hemodynamic Image Viewer is used to view images reconstructed from experimental
data collected from a dynamic phantom monkey head, and to overlay the optical image
information onto the structural MR image.

| File  Edit ‘iew Insert Tools Deskiop Window Help Others

Display Options:
L )|
1 |_ » |

Hb State: |Hetot v
:Sag'rttal Wiewy (Right to Left) =

’ Orthogonal View ‘

I Change Display Grid ]

[ Rescale Image ]

[ Create Slice Animation ]

’ Overlay on MRI Image l

-3.26e-008 9.66e-008 2.58e-007

Figure A7. Images reconstructed from monkey-phantom experimental data.
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(a) Axial view (b) Sagittal view

QOverlay DOT Image on MRI Image

HbTol

Transparency
DoT MR

(c) Coronal view

Figure A8. Images reconstructed from monkey-phantom experimental data
overlaid onto the hybrid monkey brain MRI.
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FEM Brain Model Generator

Introduction

Brain Model Generator is a MATLAB-based, interactive FEM model-generation tool. It
allows users to modify and customize the FEM brain models that are supplied with
NAVI, to match novel experimental source/detector geometries.

Installation

The system requirements for the current release of ModelGenerator include having a
MATLAB 7.x release installed on your computer, and that you have the Image
Processing Toolbox in addition to basic MATLAB.

To install the p-file version (i.e., code that is executable but not editable) of
ModelGenerator, please follow these steps:

1. Place the installation CD/external hard disk in your computer, and navigate to a
directory called ‘src_modelgenerator_p".

2. Copy the entire folder and save it in your computer’s NAVI workspace. For
example, if NAVI is located in a folder called ‘C:\NIR Xpackage’, then you would
create a subfolder called ‘C:\NIRXpackage\NIRX BrainModelGenerator’ and
copy the src_modelgenerator_p files into it. The resulting file structure will
contain a sub-folder that is called
‘C:\NIRXpackage\NIRX_BrainModelGenerator\src_modelgenerator p’.

3. Add the newly created folder to the MATLAB search path by doing the
following:

— Launch MATLAB by double-clicking the MATLAB icon on your desktop.

— Select ‘Set Path...’ from the File menu, or type “pathtool” at the MATLAB
prompt. This will open the Set Path dialog box, which is used to view and
modify the MATLAB search path.

— Navigate to the src_modelgenerator_p folder in your computer by clicking on
the ‘Add with Subfolders...” button. This will cause the Browse for Folder
window, containing a searchable directory tree, to pop up. Locate the
src_modelgenerator p folder and then click on the OK button to place
src_modelgenerator_p and all its subfolders into the MATLAB search path.

— Save the changes you have made for later use by clicking on the Save button
in the Set Path dialog box. Then click on the Close button, after which you
may exit from MATLAB.



Launching FEM Brain Model Generator

Type “brainmodel” at the MATLAB command prompt and press the Enter key. The main
interface for FEM Brain Model Generator, shown in the following figure, will open.

r . , =
xyBrainModels_v65 =1
Load | Brain Model Information omating Images| 80 _a EEG 1020 System | clear

Locate DOT Imaging Region

5 Manually Setting
Measured S/D Coordinates

Data Format | ncne

Set Detector Positions
Set Source Positions
Generate FEM Brain Model
View Generated FEM Model
Load FEM Model Information

Generator Running Status

Fleas  first LOAD the brain model information file from the FEM brain model database. i .

 Exit | _ Help | E

Loading Brain Model Information

Clicking on the Load button shown at the top of the preceding figure will open the pop-
up window shown in the following figure. You can use this ‘pick Brain model
information file’ window to specify an existing file containing brain-model information.
The appropriate file will be located in the ...\NIRX_Brain_Library\BrainModelbase\’ folder that
comes bundled with NAVI (see Chap. 1, p. 1), and it will have the name ‘brain_modelsIinfo.mat’.
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As illustrated in the following figure, successful loading of the brain_modelsinfo.mat file
enables several buttons that initially were “grayed out” (see p. 1). These buttons are used
to perform the next set of processing steps.

FEM Brain Model Generator
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Pleas e LOCATE the DOT imaging Region.




In order to accurately locate the DOT imaging region and optode positions, an extended
EEG 10-20 system is overlaid onto our image atlas, as shown in the preceding figure
(green dots, yellow text labels). The original coordinates of the 10-20 system were
obtained from EEGLAB (http://sccn.ucsd.edu/eeglab/) and were co-registered with our
image atlas via an affine transformation.

The definition of the extended 10-20 system is shown in the following figure. The labels
Nz, Iz, T9, and T10 (circled) denote the nasion, inion, left and right pre-auricular points,
respectively; these are commonly used reference-voltage points for scalp EEG
measurements.
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http://sccn.ucsd.edu/eeglab/

Locating DOT Imaging Region

The Generator provides you with two ways to locate a DOT imaging region: Manually
Setting and Measured S/D Coordinates. Click on one of the radio buttons below the
Locate button to indicate your choice of method.

1. Manually Setting option
Manually Setting is the default method for locating the imaging region.

Step 1: Click the on button located in the upper right portion of the GUI, next to the
words “Rotating Image.” Move the mouse cursor onto the meshed 3D head
image, press and hold down the primary mouse button, and rotate the head
image by moving the mouse. The purpose of rotating the image is to bring the
aspect of the head that you are interested in (e.g., the occipital cortex region)

into view.
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20 15

Y X

Generator Running Status

Pleas e first LOAD the brain model information file from the FEM brain model database. -~
Pleas & LOCATE the DOT imaging Region. S ) 2

Exit Help | <

Step 2: Click on the Locate button that is inside the DOT Imaging Region box, move
the mouse cursor onto the head region that you want to specify, and click the
primary mouse button.



In the example shown below, a user is specifying the occipital cortex as the DOT image
region.

Move the mouse cursor onto the occipital cortex
region, then click the primary mouse button.
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Generator Running Status
Please first LOAD the brain model information file from the FEM brain model database. -~
Pless e LOCATE the DOT imaging Region.

Pleas e s pecify the DOT imaging region by mouse.

Exit Help -

Clicking the primary mouse button causes four images to appear in the GUI, as shown in
the following figure. The upper-left sub-figure shows the position that you specified as a
red dot, and the other three sub-figures are the three pre-defined DOT imaging regions
that are closest to the selected point.
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FEM Brain Model Generator
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Move the mouse cursor onto the image and click the
primary mouse button to select this FEM model as
your imaging region.

Step 3: Move the mouse cursor onto one of the three DOT image regions that have
appeared in the GUI, and click the primary mouse button to select it as your
DOT imaging region.

As illustrated in the following figure, selection of an imaging region enables the two Set
buttons, which previously were grayed out. In addition, a magnified representation of the
DOT imaging region you selected will appear in the GUI.
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Proceed to the next step, Setting Source and Detector Positions, on page 13.

2. Measured S/D Coordinates option

You also can locate the DOT imaging region by loading the measured source/detector
coordinates from a file that contains that information. In order to register the
source/detector positions on our FEM brain model, you first have to measure the
coordinates of fiducial points on the subject’s head surface, then measure the
source/detector positions. At this time, the generator is configured to accept fiducial
data from the Polhemus Patriot 3D Tracking System (http://polhemus.com) or a
specific format of measured data that is called user-defined format data. The capability
for accepting fiducial data from other surface rendering systems is under construction.

There are thirteen 10-20 system positions on the head surface that are selected as
fiducial points. The locations, names, and measuring order of the points are shown in
the following figure.


http://polhemus.com/

Fiducial Points: Definition and measuring order

1. Nz (Nasion)

2. Lpa (Left pre-auricular)
3. Rpa (Right pre-auricular)
4. Iz (Inion)

5. Cz Length (Nz,Cz) 0.5L;, Length(Lpa,Cz)=0.5 L,
6. Fpz Length(Nz,Fpz) = 0.11,
7. Fz Length (Nz,Fz) = 0.31;
8. Pz Length (Nz, Pz) = 0.71,
9. Oz Length (Nz,0z) = 0.91,
10. T7 Length (Lpa,T7) = 0.11L;
11. C3 Length (Lpa,C3) = 0.3L;
12. C4 Length (Lpa,C4) = 0.7L;
13. T8 Length (Lpa,T8) = 0.91L,

[L; = Length(Nz,Iz), L, = Length (Lpa,Rpa) ]

If you use the Polhemus Patriot 3D Tracking System to digitize points, the system must
be have two sensors: a stylus and a receiver. The stylus is used to digitize points, and
the receiver is rigidly fixed to the subject’s head as a reference point during digitization,
and is used for moving error correction. The Appendix to this chapter contains a



detailed description of how to save the data recorded using a Patriot system in a format
that the brain model generator can read.

If you use a different 3D tracking systems to digitize the points, you may send us your
measured data and our software developers will add a new feature to the brain model
generator to allow you to load your digitized data. Alternatively, if you edit and save
your measured data in a text (ASCII) file having the format summarized in the
following table, the current version of the brain model generator can load it. You must
arrange the digitized data in a table of space-separated numbers, with each row
containing the X, Y, and Z coordinates for one digitized point. Note that all fiducial
points and source and detector positions must be digitized in the same reference frame
and in units of centimeters.

User-defined data format

X Y Z
Point 1 X1 Y1 Z;
Point 2 X Y2 Z;
Point n Xn Yn Z,

In our product CD or external hard disk, there are two demonstration sets of digitized
data saved in a folder called

...\NIRXpackage\NIRX _BrainModelGenerator\digitizing_demodata\.
One of the demo data sets was obtained using a Polhemus Patriot, while the other is in
the above-described user-defined format. You can open the latter file in any text editor
(e.g., Notepad, WordPad) or spreadsheet program (e.g., Excel) in order to examine the
data format.

Use the following sequence of steps to locate the DOT imaging region:

Step 1: Click the Measured S/D Coordinates radio button, and then select one of the
listed data formats from the Data Format pull-down menu. For example, the
Polhemus Patriot Format was selected here.
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Locate DOT Imaging Region

) Manually Setting
@ Measured S/D Coordinates

Data Format | none

f
none

PATRIOT (Polhemus)

Us er-defined k

Step 2: Click the Locate button that is in the DOT Imaging Region box. This action
will open a pop-up window, which you will use to navigate to the folder
where the files containing the measured source/detector coordinates are
stored. Load the measured fiducial-point coordinates file first, then the
detector coordinates file, and finally the source coordinates file.
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After the three measured coordinate files are successfully loaded, the measured
source/detector coordinates will be registered onto the corresponding DOT imaging
region of the standard FEM brain model, and the model source/detector positions will
be located automatically. The imaging region and measured source/detector positions
are shown in the GUI, as illustrated below.
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Proceed to the next step, Generating FEM Brain Model, on page 19.

Setting Source and Detector Positions

To generate a new FEM model, you should first define the source and detector positions.
The Generator allows you to graphically set the source/detector configuration, using a
“child” GUI developed for that purpose.

1. Setting Detector Positions

Step 1: Clicking the Set button next to the words “Detector Positions,” as illustrated
here, brings up a new GUI titled Graphically Set Detector Positions.

Set Detector Positions

Set Source Positions

13
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Step 2: If necessary, rotate the imaging region to make sure that you are able to see all
of the possible detector positions (the pink dots in the preceding figure). To do
this, click the on button next to the words “Rotating Image,” move the mouse
cursor onto the meshed image, press and hold down the primary mouse button,
and rotate the image by moving the mouse. A result of this type of rotation is
shown in the next figure:
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Step 3: Type the number of detectors used to collect imaging data in the Number of
Detectors text field located in the left middle area of the Graphically Set
Detector Positions GUI.

Step 4: Click the Set button in the upper left corner, move the mouse cursor onto the
first detector position, and click the primary mouse button. Then move the
cursor onto the next detector position and click the primary mouse button
again. Repeat this process until all detectors are specified for the new model.

If you make a mistake during setting the detector positions and want to delete a detector
location you already have set, click the Clear button under the Set button to delete the
most recently set detector. Then click the Set button again to continue setting detector
positions.
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Step 5: Click the Save & Close button in the lower left corner of the Graphically Set
Detector Positions GUI to save your detector configuration setting after all
detector positions have been specified for the new model.

Shown here is an example of a completed detector-positions setting, where there were 24
detector positions to be set.
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2. Setting Source Positions
The steps for setting source positions are parallel to those given above for setting
detector positions.

Step 1: Clicking the Set button next to the words “Source Positions” in the parent GUI,
as illustrated in the next figure, brings up a new GUI titled Graphically Set
Source Positions.
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For guidance, the detector positions you already have specified are shown in the imaging
region.

Step 2: If necessary, rotate the imaging region to make sure that you are able to see all
of the possible source positions (the pink dots in the preceding figure). To do
this, click the on button next to the words “Rotating Image,” move the mouse
cursor onto the meshed image, press and hold down the primary mouse button,
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and rotate the image by moving the mouse. A result of this type of rotation is
shown in the next figure.
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Step 3: Type the number of sources used to collect imaging data in the Number of
Sources text field located in the left middle area of the Graphically Set
Sources GUI

Step 4: Click the Set button in the upper left corner, move the mouse cursor onto the
first source position, and click the primary mouse button. Then move the
cursor onto the next source position and click the primary mouse button again.
Repeat this process until all sources are specified for the new model.

If you make a mistake during setting the source positions and want to delete a source
location you already have set, click the Clear button under the Set button to delete the
most recently set source. Then click the Set button again to continue setting source
positions.
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Step 5: Click the Save & Close button in the lower left corner of the Graphically Set
Source Positions GUI to save your source configuration setting after all source
positions have been specified for the new model.

Shown here is an example of a completed source positions setting, where there were 12
source positions to be set.
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Once the source/detector configuration is successfully set, the Generate button in the
parent GUI will be enabled. Both the detector and source positions you have set will be
labeled, as shown in the following figure, with detector positions marked by green dots,
source positions by red dots, and co-located source/detector positions (if there are any) by
pink dots.
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Generating FEM Brain Model

Click the Generate button in the FEM Brain Model Generator GUI to start the process of
generating forward-problem solutions for the selected FEM model and source/detector
configuration. During the operation, a progress bar will pop up to show you how the
calculations are proceeding.

@ D V_QE?@

Generating FEM Model ...

Upon completion of the model generation step, a new window will open, with a text field
in which you can specify a folder where you want to save the new model. You can either
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use the default folder name suggested by the Generator, or define a name you prefer;
note, however, that any name you enter may not contain any blank spaces, and must
contain the default key word (this is the 'box1', 'box2', ..., or 'box72' prefix in the
suggested name). For example, 'box8_experimentl' is a permissible user-defined folder
name. Then click the OK button to store the FEM model in the specified folder.

J Please specify the name of folder to save new model @

Name of folder to save generated model:
| box8_512D24

UKt | Cancel I

After the saving, a warning dialog box will open. The complete path for the folder where
the generated FEM model was saved is shown in the box.

J) New FEM Model

Generated model is saved in:
N:\Shared_Folders\Yong_Xu‘\BrainModelbase\FEMLibs\box8_S512D24%

Bah|

A successful FEM model generation enables the View button for further processing.

Viewing Generated FEM Model

You can view either pre-existing models or a newly generated one using the View button
inside the Generated FEM Model box in the FEM Brain Model Generator GUI. Clicking
on the View button brings up another GUI, as shown in the next figure, with the
following four functions:

Outline (this is the default)
Detectors

Sources

D&S
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1. Outline

Clicking the Outline button displays four types of FEM model information in the model
information window:

=  FEM Mesh: numerical information about the mesh

= Source/Detector Configuration: numerical information about the sources
and detectors, and names of the files containing the new coordinates

= Forward FEM Model: names of generated files containing output from the
forward-problem computations

) xyBMView_v65 Q@@

Model Information

Outline
Detectors
Sources FEM Mesh:
4256

Number of Nodes:

D&S Number of Tetrahedrons: 18393

Number of Surface Triangles: 2532
Mesh Dimensionincm: [11.0147 47462 5.987]

Model Information: OUTLINE

Source/Detector Configuration:
Number of Sources: 12
Number of Detectors: 24
Source Coordinates:  SourCoords.FEM
Detector Coordinates: DetcCoords FEM

Forward FEM Model:
Detector Readings: det FEM
Weight Function: w.FEM

Model saved in: N:\Shared_Folders\Yong_Xu\BrainModelbase\FEMLibs\box8_S12D24\
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2. Detectors

This function allows you to review the model geometry and detector positions.

Model Information

Sources 21

20

19

18

17

16

15

Z(cm): Inferior -> Superior

14 -

13 ~

Rotating Image

4344 45 46 47 43

EEG 10-20 System

2

419 2001 92 28 24

Y(cm): Anterig
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If you generated the FEM model from measured source/detector coordinates, the Detectors
function will show the detector indices on the located DOT imaging region and the corresponding
original detector indices from your experimental configuration. The original detector indices are
shown within parentheses. An example of this case (which happens to have an exact match
between the original and mapped detector-position indices) is shown in the following figure.

r xyBMView_v65 i o | B 3] |

. Rotating Image off EEG 10-20 System [ on_}
Model Information
” [ Outline
' [ Detectors | 24
| Sources
D&S 8 22
@
(=%
@
A 20
8
K]
‘ P E 13\
| : a & 16 l
l A % ’ “ |
. '\\ ; l
. b 14

10

:

Y(cm): Anterior -> Posterior

14 16

10 12

Yiem)- Rioht - L aft
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3. Sources

This function allows you to review the model geometry and source positions.

e S

Rotating Image EEG 10-20 System

Model Information

21

20 ~

19 =

18

17 ~

16 —

15

Z({cm): Inferior -> Superior

\: 14 -]
. -w 43—

12 4

11

Wﬁ
18 oy 22 20 18

8 1 12 10 g 26

Y(cm): Anterior -> Posterior

X(cm): Right -> Left
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If you generated the FEM model from measured source/detector coordinates, the Sources
function will show the source indices on the located DOT imaging region and the corresponding
original source indices from your experimental configuration. The original source indices are
shown within parentheses. An example of this case (which happens to have an exact match
between the original and mapped source-position indices) is shown in the following figure.

(B oBMview w65 Y e |

. Rotating Image off EEG 10-20 System[ on |
Model Information
” [ Outline
' [ Detectors 24 .
| Sources
D&S g
b
o
@
n 20
8
o 2
» = 184
, i =
{ ¢ o
| \ E l
l § % ’ “ 16 |
. \\ l
. =
14

0 5 10 12 14
Y(cm): Anterior -> Posterior
Yiem): Dioht =1 of
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4.D&S

This function allows you to view the model geometry and the detector and source
positions simultaneously.

-} xyBMView_v65 g@@

Rotating Image EEG 10-20 System

Model Information

21
20
s
o
s
(]
S 7
®
%
5 16
2
__g" i 15
' £
«
- pat) 13
“» 12
1
16
Y(cm): Anterior -> Posteriar #(cm): Right -= Left
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Appendix: Brief Manual for Polhemus
(http://www.polhemus.com) Patriot System

1. Installing the Patriot Host Software

a. The Patriot host software PiMgr is intended for installation on a
computer running Windows 2000, Windows XP orWin7.

b. See Install the Host Software on page 6 of the Patriot User Manual for
Instructions.

2. Setting and Powering up the Patriot

a. Detailed instructions for setting up the Patriot system are presented on
pages 1-5 of the Patriot User Manual.

b. Set up the Patriot system close to your host computer and away from
large metal objects such as file cabinets, metal desks, etc., and away
from the floor and walls.

c. Usually, there are four steps to powering up the Patriot:

I. First ensure that the power switch on the back panel of the Patriot is
in the OFF (Down) position and that the power supply is not
plugged in;

Ii. Plug in the source and two sensors (Stylus into sensor receptacle 1
and the other sensor into receptacle 2);

iii. Plug in the desired 1/0O cable (USB or RS-232);

iv. Plug in the power supply and turn the Power Switch to the ON
(Up) position.

On startup, the power indicator will blink red for 5-10 seconds to indicate
the system’s performance of an initialization and self-test routine. System
operation is not possible during this time. At the completion of this routine,
the power indicator will change from a flashing red state to a steady green
state.

3. Collecting Measurement Data from the Patriot System by
Using the Polhemus PiMgr GUI

The instructions for using the Polhemus PiMgr GUI can be found on pages
6-8 of the Patriot User Manual. The usual steps for collecting measurement

data from the Patriot by using the GUI are:
a. Power up the Patriot;
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http://www.polhemus.com/?page=Motion_Patriot

b. Open the Polhemus PiMgr GUI on your computer;
c. Create a connection and set Tracker and Station Configurations

through the Polhemus PiMgr GUI Device menu:

Device — Track Configuration — General: Measurement Unit (CM);
— Connection: Type (RS-232 or USB);

Device — Toggle Connection;

Device — Station Configuration — Hemisphere: e.g., (0,0,-1) for Z-;
— Stylus: Point/Track

d. Select data recording type through the Polhemus PiMgr GUI Motion
menu:

Motion — Recording — Toggle Record;
e. Move the stylus to the position you want to locate;
f. Type ‘p’ or ‘P’ anywhere on the PiMgr window. This will cause PiMgr

to request a single data frame from the Patriot system;
g. Repeat steps (e) and () until you locate all positions of interest.

4. Saving the Measured Data
There are two steps to save your measured data as a text file.
a. Stop the data recording through the Polhemus PiMgr GUI Motion

menu:
Motion — Recording — Stop

b. Export the data through the Polhemus PiMgr GUI File menu:

File — Export Motion Recording (save as a text file: *.txt)

5. Useful Range
An X, Y, or Z position value exceeding Patriot’s useful range of 60 inches

(152 cm) will be output as zero.
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6. Hemisphere of Operation

The theory of the hemisphere of operation is described in detail in the Patriot
User Manual.

Because of the symmetry of the magnetic fields generated by the source,
there are two mathematical solutions to each set of sensor data processed.
Therefore, only half of the total spatial sphere surrounding the source is
practically used for any measurement. This is referred to as the current
hemisphere. The current hemisphere is defined by a LOS (Line of Sight)
vector from the source through a point at the zenith of the hemisphere, and is
specified by the LOS direction cosines. For example,

X+ hemisphere: (1,0,0); Y+ hemisphere: (0,1,0); Z+ hemisphere: (0,0,1)
X- hemisphere: (-1,0,0); Y- hemisphere: (0,-1,0); Z- hemisphere: (0,0,-1).

The figure below shows an example. There are two possible candidates
for the hemisphere operation, Z- and X+. X+ is not a good choice for the
operational hemisphere because the subject is at the edge of the hemisphere,
close to the YZ plane. The best choice for the operational hemisphere in this

case is Z-.
Y+

A

Source
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7. Definitions of 13 Fiducial Points and Their Measurement

Order

e
W N~ O

O J o Ul wdh

Fiducial Points:

. Nz
Lpa
Rpa

Iz
Cz
Fpz
Fz
Pz
Oz
T7
C3
Cc4
T8

Fiducial Points:

Nasion)

(
(Left pre-auricular)
(Right pre-auricular)

(Inion)
Length (Nz,Cz)
Length (Nz, Fpz)
Length (Nz, Fz)
Length (Nz, Pz)
Length (Nz,0Oz)
Length (Lpa, T7
Length (Lpa, C3
Length (Lpa,C4
(

)
)
)
Length (Lpa, T8)

O O OO OO O oo

[Ly = Length(Nz,Iz),

. 5L1,
1L,
. 3L1
.11,
. 9L1
.15,
. 3L,
.71y
. 9L2

Definition and measuring order

Length (Lpa,Cz)=0.5 L,

L, = Length (Lpa, Rpa) ]

31



NIRS-based Dynamic Causal
Modeling (DCM)

User’s Manual

Software and documentation developed by the Optical
Tomography Group (http://OTG.downstate.edu) of SUNY
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11203; http://www.downstate.edu)







User’s Guide: NIRS-based Dynamic Causal Modeling (DCM)
A. Components of the NIRS-DCM application

1. NIRS-DCM source code. The essential files for the application are located in the SourceCodes folder, as shown in Fig. 1. In the installation
that is illustrated here, it was convenient to place the SourceCodes folder as a subfolder of the MATLAB ‘work’ folder. However, it is not
essential for you to place SourceCodes in that same location. You may place it anywhere in your folder structure that is convenient for you.

Figure 1. NIRS-DCM source code files, with the primary user interface file highlighted.

% C:Program Files\MATLAB\R2007b' work'SourceCodes o]
File Edit \iew Favorites Tools Help | '.,’
Q Back - \_:) - lj]' > ) Search Ii_ Folders Ev % LI:I D|j x n
Address I_) C:\Program Files\MATLAB\R2007b work)SourceCodes j Go
Folders * | | Name = | ez | Type |
£ bin ;I U AddamplitudeDistartion.p KB MATLAE P-code
) Munes 1] AddLFOs.p 3KE MATLAR P-code
) Java ] AddMeasurementhaise.p KB MATLAE P-code
|25 Kodak )] ComputeHemadynamicarishles,p 2 KB MATLAE P-code
[C5) Malwarebytes' Anti-Malware £ Computeheuraltictivity p 2KE MATLAE P-code
() MathType = D _skock.mak 92 KB Winamp media file
E L3 MATLAE 1] DirectEffectsPatterm.p ZKB MATLAB P-code
[C3) MATLAB Component Rurl ] GetDirectEffects.p Z2KB MATLAB P-code
E £ rz007b ] GetExternallnputs.p 2KE MATLAE P-code
,ﬁ bin U GetIntrinsicConnectivities. p 1 KE MATLAE P-code
25 extern | ] GetModulatoryConnectivities. p 2KE MATLAE P-code
@ help U IntrinsicConnectivitiesPattern. p 1KE MATLAE P-code
e . keep.p KB MATLAB P-code
L java D MaodulatoryConnectivitiesPatkern.p 2KE  MATLAE P-code
I3 jhelp : 3KB MATLAB P-code
|5 notebook, ] spm_dcm_estimate. p 2KE MATLAE P-code
) sys ] spm_dem_frori_priors.p 1KE MATLAE P-code
) todlbox 1) spm_diff.p LKE MATLAB P-code
[ uninstal 1] spm_fx_frori.p 1KE MATLAB P-code
B 53 wark 1 spm_gx_frri.p 1KE MATLAE P-code
&) pemaData 1 spm_int.p 1KE MATLAE P-code
3 SourceCodes 1) spm_nlsi_GM.p 2KB MATLAB P-cade
) Messenger _ 1) spm_vec.p KB MATLAB P-cade
N i ; _’I_I E I o
|T5.f|:ue: MATLAE P-code Date Modified: 6/7/2011 11:45 PM Size! 2,31 KB 2,31 KB | :J Iy Computer 4




When you are ready to run NIRS-DCM, start MATLAB and then select one of the following alternatives:
a. Make the SourceCodes folder you current directory, as illustrated in Fig. 2. If you choose this option, you must confirm that SourceCodes is the
current directory before every use of NIRS-DCM.

Figure 2. Selection of SourceCodes folder as the MATLAB current directory.

| Current Directary: I C:\Progran Files\MATLABIR2007bhwark) SourceCodes j _I =

b. Add the SourceCodes folder to your MATLAB search path, as illustrated in Fig. 3, in which case you will be able to run the code from any
current directory location. You will need to do this only one time. If you choose this option, however, it is recommended that you place the
SourceCodes folder at the top of the search path. This will eliminate any possibility of conflicts between the NIRS-DCM source code files and
other files having the same names but located in different folders.

Figure 3. Adding SourceCodes folder to the MATLAB search path.
RI=TE

&l changes take effect immediately,

MATLAE search path:
Add Folder. ., | M C:\Program Files\hATLABNR2007 biworkiS
I CDocuments and Settings‘\Harry\Wly Documents'hATLAB
I Cihere_MNAWII132005

povetaip | |23 Cilste_NAVIB13200BFEMLbs

() Chsre_NAVIS1 320080 EMLUbs\FEMIib_breasts

Add with Subfolders... |

ol | | st NAVIBI3200BFEMLIbS\FEMIb_breastsiLef
ovepomn | [ Cilere_NAVIZIZ200BFEMLibS\FEMIl_breasts\Lef\GiD
5 Cihsre_NAVIZ132008F EMLibs\FENMIib_breasts\Right
MovetaBotton | (5 Ciierc_NAVIZI Z200B\FEMLbS\FEMIih_breasts\RightiGiD

1 Cihvere_MNAWIF1I2008WFEMLbs\Dccipital_Cortex_3x10
Remove | iI

-
| 3
Fave | Close | Hevetk: | Dref aule | Help |

2. Demonstration data set. To aid in understanding the use of the NIRS-DCM code and to facilitate your gaining practical experience, we have
provided a set of files, as shown in Fig. 4, that specify values for all of the quantities needed to carry out a sample NIRS-DCM computation. These
will be used during the remainder of this user’s guide.



Figure 4. Demonstration data files for NIRS-DCM.

% C:,Program Files' MATLABR2007b"work' DemoData -0l =]
File  Edit Miews Faworites Tools  Help | f;"
b = Fi '} = oY
G Back - \_,) - ﬁ' e ! Search [L__ Folders El-. 3‘6 j l_LI x
Address |[75) C:\Program Files\MATLABYR2007bywork| Demaliata j G0
Folders X || Mame =~ | Size | Twpe |
) svs =] 4] 40.dat 1KE DATFile
2 toolbax 4] 41 dat 1KE DAT File
I3 uninstall 4] B0.dat 1KE DAT File
= ) work 4] B1.dat LKE DATFie
) [—— (| [11]CO.dat LKE DATFile
[ sourceCodes ﬂCl.dat 1KE DT File
[£3) Messenger E] LFos.kxt LKB  Text Document
l,j Microsoft E] NWCP, ExE 1 KB Text Document
|5 Microsaft ActiveSync 4] u.dat S41KE DAT File
IC3) Microsoft CAPICOM 2,1.0.: _ 4] _1.dat 541 KB DATFile
| | _’l_l 1 | |
|1IZI objects (Disk free space; 30,2 GB) |1 .05 MEB | J Iy Compuker v

The demo data are derived from an experiment originally described in 1997 by Biichel and Friston," who used BOLD fMRI to study
interactions among components of the visual system. Several years later the same data were used as demonstrational input for a BOLD-signal-
based DCM application.” DCM is based upon a particular mathematical model of how the neural activity of one brain region is influenced by
exogenous inputs (e.g., stimuli), as well as by the activity in other brain regions (which also are being influenced by exogenous inputs, as well as
by ..., ad infinitum; see Appendix 1 for more detailed description of the DCM model). The output of a DCM computation includes numerical
estimates of the effective coupling parameters (i.e., the inter-regional interaction strengths) associated with the mathematical model. The ‘Al.dat’,
‘Bl.dat’, ‘Cl.dat’ and ‘NVCP.txt’ files seen in the preceding figure contain the results of one such calculation,” while ‘u.dat’ contains the
numerical values of the exogenous inputs.

A functionality offered by NIRS-DCM is the ability to evaluate the DCM effective connectivity model in the “forward direction.” What
this means is that if you enter coupling-parameter information such as that found in the ‘Al.dat’, ‘Bl.dat’, ‘Cl.dat’ and ‘u.dat’ files, NIRS-DCM
will calculate the corresponding neural activity time series. However, fNIRS measurements are not direct recordings of neural activity, but rather
of its vascular correlates. Therefore, NIRS-DCM takes the calculated neural activity, and the information contained in the NVCP.txt file, and
supplies them as input to the “balloon model” of neurovascular coupling described in Friston ef al.’ (See Appendix 2 for more detailed description
of the neurovascular coupling model) The model’s equations were numerically solved, thereby generating idealized deoxyhemoglin (deoxyHb)

" In particular, the ‘Al.dat’ file contains the A matrix described in Refs. 2 and 3 (and Appendix 1), while ‘Bl.dat’ and ‘C1.dat’ contain the non-zero elements of
the B and C matrices, respectively. Numerical values for the parameters in the neurovascular coupling model (Appendix 2) are found in ‘NVCP.txt’.

" The ‘u.dat’ file holds the time-varying values of the u vector described in Refs. 2 and 3 (and Appendix 1). For the example considered here, all of the inputs are
dichotomous in character. Accordingly, every element of u is either a 1 (the input is present) or a 0 (the input is absent).
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and venous blood volume time series. The computed hemodynamic time series can subsequently be used as a model for the types of data that can
be obtained from a measurement carried out with a DYNOT or NIRScout imager.

An important role served by the demonstration data set (and by any other that you may subsequently generate using the forward-problem
solver?) is that it gives you a priori knowledge of the correct answer to the question “What is the effective connectivity network that gave rise to
this data?” Thus you will be able to know whether NIRS-DCM selects the correct network from among the set of alternative hypotheses that you
give it to choose from. As described below, you also will be able to “corrupt” the idealized data in various ways so that the computed time series
will exhibit features that can be expected to occur in data from real experiments: noise, dynamic fluctuations that are unrelated to the experimental
design paradigm, and location-dependent error in the amplitudes of time-varying signals extracted from different brain regions. This will allow
you to determine how large any of these effects can be before the ability of NIRS-DCM to select the correct network is impaired.

B. Launching the NIRS-DCM application

1. Please note that the NIRS-DCM application clears the MATLAB workspace and closes all open figure windows upon startup, in order to
maximize the amount of available RAM. Therefore, it is important that you remember to save any variables or figures that you will want to work
with again, before you start the NIRS-DCM application. {Future code revisions will give the user an opportunity to “bail out” before clearing and
closing.}

2. Ensure that the MATLAB current directory is one from which the NIRS-DCM user interface file can be accessed (using either option A.1.a or
option A.1.b, as described above). Then enter ‘NIRSDCM’ at the command window prompt.

Command Window

~» NIRSDCH
3. The following messages will be displayed in the command window:
im =

Tou will now bhe guided through the user-input process.

Lre the external inputs located in a file (£,
or will wou enter them interactiwvely (1172 (£|1 [£]):

* or by using a laboratory test-bed that includes a programmable dynamic phantom
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The program then pauses until you reply to the question in the second message.

Exogenous inputs are time series that indicate the presence or absence of experimental conditions (e.g., see Fig. X, below). For some
paradigms the inputs have more than one level (e.g., degree of difficulty of a task), and the exogenous inputs time series will also contain level-vs.-
time information.

The notation ‘f|li” means that you are being asked to enter either the letter ‘f° (meaning that the exogenous-input data are located in a file
that you have already generated, such as the ‘u.dat’ file included in the demo data set) or the letter ‘i’ (meaning that you will use the capability that
NIRS-DCM provides to generate the exogenous-input data interactively) in response.

The notation ‘[f]” means that ‘f” is the default option, so that if you simply press the Enter key it will be understood that the exogenous-
input data are located in a file.

We have attempted to anticipate the sorts of data-entry errors that are likely to occur, and have equipped NIRS-DCM to recover gracefully
from them without “crashing.” As an example, if you inadvertently enter any text other than ‘i’ or ‘f* (or just the Enter key) in response to the first
question:

Lre the external inputs located in a file (£,
or will wou enter them interactively (i)72 (£]1 [£]): =

Then you will see the following message:
em =
Flease enter either an 'i' or an 'f' [(or simply press the Enter kevy)

and then you will be given another opportunity to respond to the question. In order to work with the demonstration data set, select the ‘f” option
and proceed to Section C of this user’s guide (use of the ‘i’ option will be covered in Section D).
C. Loading Exogenous-Input Information from a File

1. After you indicate that the exogenous inputs are located in an external file, the user interface will respond with the next question in the input
sequence:

Are the external inputs located in a f£file (£,
or will wou enter thewm interactively (i)2 (£11 [£])1: £

HName of external-inputz f£ile?



For the demo data set, the exogenous inputs are located in a file named “u.dat’, which is located in the DemoData folder. Accordingly, in response
to the question enter the file name, including the path for navigating to DemoData from the current directory (here we are assuming that
SourceCodes is the current directory):

Name of external-inputs file? . .%DemwmoData)u.dat

If the specified folder does not contain a file with the specified name, or if there is a file but it does not have the required format (i.e., a matrix of
real numbers, with no headings or other text characters {Future code revisions will give the user greater format flexibility.}), then you will see the
following message:

Em =

The zpecified folder has no file with that nawme, or the file format iz not correct.
Please tLry again.

Following this, you will be given another opportunity to specify a file.
2. After an exogenous-inputs file is specified, NIRS-DCM responds with the next question in the input sequence:

Nurwber of external input functions [default wvalue (3] is
the number of rows in the 'u.dat' £ile]?

Note that NIRS-DCM has read the contents of the specified file, and knows that it contains, in this case, three rows of data. It interprets each row
as a time series of exogenous-input data. If your exogenous-input data are arranged in columns instead of rows, then NIRS-DCM automatically
transposes the contents of the file after loading it. (It is assumed that the matrix dimensions will be unequal, with the smaller dimension
representing the number of exogenous-input time series and the larger dimension representing the number of measurement time frames.)

To account for the possibility that the specified file contains more time series than you want to explicitly consider in your DCM analysis,
the software asks you to specify how many rows of data you want to retain. The default value (all of the rows in the file, 3 in this example) can
either be entered explicitly, or by simply pressing the Enter key.

The following message will be displayed if you enter something other than a single positive integer:
Tou entered something other than a single positive integer. FPlease trvy again.
After this, you will be given another opportunity to accept the default value or to specify a positive integer less than or equal to the default.

The following message will be displayed if you enter a positive integer larger than the default value:



Number of external input functions [default wvalue (3] is
the nunber of rows in the 'u.dat' file]? 5

The number wou entered, 5, 1z too large. FEReducing it to 3.

If you wish to retain fewer rows than the permissible maximum, then enter the correct number. For example, if you wish to use only two
of the three rows of data in the “u.dat’ file in a DCM computation, then you would enter ‘2’ in response to the ‘Number of external input functions’
question:

Number of external input functions [default wvalue (3] i=
the numkber of rows in the 'u.dat' file]? 2

NIRS-DCM will reply by asking which two rows of data in the file are the ones you want to keep:

Thich rows of 'u.dat' are the inputs
fe.g., '"[1 2 4]'" or '2:3")7

A contiguous subset of the available inputs can be indicated by entering either ‘[1 2] or ‘1:2” (likewise, either ‘[2 3]” or ‘2:3’) in reply to the
question. For a non-contiguous subset, it is necessary to enter ‘[1 3].

3. In order to work with the demonstration data set, accept the default value of 3 exogenous inputs:

Mumber of external input functions [default wvalue (3] 1is
the nurwber of rows in the 'u.dat' f£ile]? 3

NIRS-DCM will open a figure window containing plots of the exogenous-input functions that you have selected, which for this example are:



Figure 5. Exogenous-input time series loaded from an external file and plotted by NIRS-DCM.

Insert Tools Desktop Window Help
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At the same time, the following question will be posted to the MATLAB command window:

Lre these the correct external inputs? (vln [¥]):

If the plotted exogenous-input time series are not the ones that you meant to use, then enter ‘n’ in reply to the question. This will bring up
the following response from NIRS-DCM:

Are these the correct external inputs? (v|n [¥]1: n

Do you want to:

Al Pick different functions from this file, or
E] Load a different file? (L|E [4A]):

The answer that you enter will return you to an appropriate earlier point in the input sequence, either:

Do wou want to:

Al Pick different functions from thiz file, or
E) Load a different file? [(&|EB [A]): A&

MNurwber of external input functions [defsult walue (3] is
the number of rows in the 'u.dat' f£ile]?

or:



Do you want to:
L) Pick different functions from this file, or
B) Load a different file? ([(A|BE [L4]): B

Are the external inputs located in a file (£,
or will wowu enter them interactively (1)2 (£]1 [£]):

or:

Do wou want to:
L) Pick different functions from this f£ile, or
El Load a different file? (LA|B [4]): =

em =

Please enter either a 'B' or an 'A' [or simply press the Enter key)

Lre the external inputs located in a f£ile [(£),
or will wou enter them interactively (112 (£]11 [£]):

where ‘x’ stands for any reply other than ‘A’ or ‘B’.

4. If the plotted exogenous-input time series are the ones that you meant to use, then enter y’, or just press the Enter key, in reply to the ‘Are these
the correct external inputs?’ question. This will bring up the following response:

Are these the correct external inputs? (yv|ln [¥]1: ¥

Do wou want to load s file of time series derived from experimental data (e),
or to carry out a forward-problem simulation (217 (e|ls [3]):

In order to work with the demonstration data set, select the ‘s’ option and proceed to Section E of this user’s guide (use of the ‘e’ option will be
covered in Section F).



D. Entering Exogenous-Input Information Interactively [Go back to B.3]

1. After you indicate that you want to enter the exogenous-input time series interactively, the user interface will respond with an information
message and then with the next question in the input sequence:

Are the external inputs located in a file (£,
or will wou enter thewm interactively (i)2 (£]11 [£])1: 1

im =
Input functionzs of either the 'ewvent' or 'hoxcar' type cah be convehlently entered interactively.

FPlease use a text file Lo specify more complex types of external inputs.

Do wou wish to continue? (v|n [¥]):

[The time series plotted in Fig. 5 are “boxcar” functions; each of them has a value of 1 at every time frame in which the input is on/present, and 0
at every time frame in which it is off/absent. An “event” function is a limiting special case of a boxcar, in which every presentation of the input has
a duration of only one time frame, and is zero at all other time frames. For example,

boxcar: 0001 1110001111000
event: 00010001000100010
represents a pair of interacting inputs, with each presentation of the second occurring at a different position within the cycle of the first.]
Entering ‘n’ in response to the ‘Do you wish to continue?’ question will return you to an earlier point in the input sequence:

Do wou wish to continue? (vlh [¥]):n

FEesetting...

ILre the external inputs located in a file (£) .
or will wou enter them interactiwvely (1] 7 (£]1 [£]):

10



2. Entering ‘y’ in response to the ‘Do you wish to continue?’ question will bring up the next question in the input sequence:

Do wou wish to continue? (y¥|n [¥]):¥
MNutber of external input functions?

Indicate the number of exogenous-input functions, and the user interface will ask for the overall length of the time series that NIRS-DCM will
generate. For example:

MNurmber of external input functions? 3
Length of the external input functions (i.e., nuber of tCime frames bheing modeled) ?
Enter the number of time frames, for example:

Length of the external input functionhs [(i.e., hukbkber of time frawes being modeled) ? 1000

At this point NIRS-DCM will create an array with (in the example presented here) 3 rows and 1000 columns, with every element having a value of
0. The user interface will guide you through the process of specifying which elements will have their values changed from 0 to 1. For example:

FPlease enter the time frames for the onset of input #1: [101 401 701]

Please enter the durations [(in numbers of time frames) of input #1: [90 90 90]

Please enter the tiwme frames for the onset of input #2: [201 501 301]
Pleazse enter the durations (in nwibers of time frames) of input #2: [20 20 90]
Please enter the time framwes for the onset of input #3: [301 601 201]
Please enter the durations (in nubers of time framesz) of input #3: [90 20 90]

In the preceding example, we generated “boxcar” representations for three non-overlapping exogenous inputs. (If, say, the three functions
represent presentations of a task with three difficulty levels, then this is the sort of temporal relation we would expect.) The first one is present
during time frames 101-190, 401-490 and 701-790; the second is present during time frames 201-290, 501-590 and 801-890; and the third is
present during time frames 301-390, 601-690 and 901-990.
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Once all the onset and duration information is entered,’ NIRS-DCM will open a figure window containing plots of the exogenous-input
functions that you have generated, which for this example are:

Figure 6. Exogenous-input time series loaded from an external file and plotted by NIRS-DCM.
I
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At the same time, the following question will be posted to the MATLAB command window:

Lre these the correct external inputs? (vln [¥]):

If the plotted exogenous-input time series are not the ones that you were trying to design, then enter ‘n’ in reply to the question. This
action will automatically return you to an earlier point in the input sequence:

Are these the correct external inputs? (v|n [¥])1: n

Are the external inputs located in a file (£,
or will wou enter thew interactively (i) ? (£|1 [£]):

3. If you are satisfied with the plotted exogenous-input time series, then enter ‘y’, or just press the Enter key, in reply to the ‘Are these the correct
external inputs?’ question. This will bring up the following response:

¥ From this point on, this guide does not explicitly describe the messages that appear in the user interface if the user makes a mistake during data entry. Please be
assured that NIRS-DCM will alert you, and let you gracefully recover from, occurrences such as entering non-integer or non-positive values for either an onset or
a duration, a mismatch between the number of onsets and the number of durations, or requesting an onset-plus-duration combination that exceeds the specified
overall length of the exogenous-input time series.
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Are these the correct external inputs? (vln [¥]1: ¥

Do wou want to load a file of time series deriwved from experimental data (e),
or to carry out & forward-problem siwmulation (3)7? (e|s [3]):

To generate simulated measurement data with the forward-problem solver, select the ‘s’ option (see Section E of this user’s guide). To load real
measurement data, select the ‘e’ option (see Section F).
E. Generating Measurement Data with a Forward-Problem Simulation [Go back to C.4]

1. When you answer ‘s’ in reply to the preceding question, the next question in the input sequence will appear in the user interface:

Do you want to load a file of time series derived fromwm experimental data (2],
or to carry out a forward-problem simulation (217 (e|ls [s]): =

MNumber of cortical regions in vour model?

For the demonstration data set supplied with NIRS-DCM, the correct answer is 3. (It is a coincidence that in this example the number of cortical
regions is equal to the number of exogenous inputs. This is not a general requirement for DCM computations.)

2. Entering ‘3’ in answer to the ‘Number of cortical regions’ question brings up the next input-sequence question:

Number of cortical regions in your model? 3

Are the intrinsic connectivities in a file (£,
or will wou enter them interactively (1)2 (£]1 [£]):

For the demonstration data set, the intrinsic connectivities are located in a file named ‘Al.dat’, which is located in the DemoData folder.
Accordingly, enter ‘f*, or just press the Enter key, in reply to the preceding question. (For information on interactive entry of the intrinsic

connectivities, skip to Subsection E.18.)

3. The next question in the input sequence is:

Are the intrinsic connectivitiezs in a file (£,
or will wou enter them interactively (i1]17? (£]1 [£f]1: £

MName of intrinsic conhectivities file?
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In response, enter the file name including the path for navigating to DemoData from the current directory (here we are assuming that SourceCodes
is the current directory).

Name of intrinsic connectivities file? ..%DemoData’ il.dat

NIRS-DCM will load the file, display its contents in the MATLAB command window, and ask you to confirm that these are the connectivities that
you wanted to specify.

L =
-1.5536 0.3959 ]
0.50zZ0 -1.058558 -0.2159
o 0.5186 -0.89a0

Iz the preceding the correct intrinsic connectivity matrix? (vin [¥]):
If the displayed information were not the intrinsic connectivity matrix you wanted, you would enter ‘n’ to return to the input-sequence position
indicated in Subsection E.2. However, for the demonstration data set the indicated numbers are the correct intrinsic connectivity values.

Accordingly, enter ‘y’ or just press the Enter key.

4. When you accept the preceding intrinsic connectivity values, NIRS-DCM displays an information message regarding the modulatory
connectivities, followed by the next question in the input sequence:

Iz the preceding the correct intrinsic connectivity matrix? (vin [¥]1: ¥
im =
The modulatory connectivity structure is a 3-bhy-3-hy-3 arrav.

Uzually this 3D array is sparse, =0 it will khe initialized to all =zeros,;
and then vou will indicate which elements have non-szero values.

Iz the modulatorvy connectivity information in a file (£,
or will wou enter it interactiwvely (1)7 (£]1 [£]):
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[Note that in the example considered here, the reason why the dimensions of the modulatory connectivity array are 3x3x3 is that there are 3
cortical regions and 3 exogenous inputs. In general, if the number of cortical regions is M and the number of inputs is N, then the dimensions of

the modulatory connectivity array will be MxMxN.]

For the demonstration data set, the modulatory connectivities are located in a file named ‘Bl.dat’, which is located in the DemoData
folder. Accordingly, enter ‘f”, or just press the Enter key, in reply to the preceding question. (For information on interactive entry of the intrinsic
connectivities, skip to Subsection E.19.)

5. After you indicate that you are loading the modulatory connectivities from a file, NIRS-DCM displays an information message regarding the
expected file structure, followed by the next question in the input sequence:

Is the mwodulatory connectivity information in a file (£,
or will wou enter it interactively (112 (£|1 [£]): £

Each row in the data file should contain just four nuwbers:
The row, column and layer indices [(each & positive intedger,

and a conhectivity coefficient value.

Namwe of modulatory connectivities file?

In most cases only a small percentage of the elements in the modulatory-connectivity array will have non-zero values. For the demonstration data
set, for example, only 2 out of 27 entries in the 3x3x3 are not zero. Therefore it is more efficient to structure the B1.dat file, and other files of the
same type, so that they include only information about the small number of non-zero elements.

6. In response to the preceding question, enter the file name including the path for navigating to DemoData from the current directory (here we are
assuming that SourceCodes is the current directory).

Name of modulatory connectivities file? . .WDemoData'Bl.dat

NIRS-DCM will load the file, display its contents in the MATLAB command window, and ask you to confirm that these are the connectivities that
you wanted to specify.
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Bedit =

Z.0000 1.0000 2.0000 0.5657
Z.0000 1.0000 3.0000 0.z2595

Iz the preceding information correct? (vn [¥]):

What the ‘Bedit’ array is telling you is that there are 2 non-zero elements in the 3x3x3 modulatory-connectivity array. One is located in (row 2,
column 1, layer 2) with a numerical value of 0.8657, and the other is located in (row 2, column 1, layer 3) with a numerical value of 0.2595.

If the displayed information were not the modulatory connectivities that you wanted, you would enter ‘n’ to return to the input-sequence
position indicated in Subsection E.4. However, for the demonstration data set the indicated numbers are the correct modulatory connectivity
values. Accordingly, enter ‘y’ or just press the Enter key. In response, the complete modulatory-connectivity array will be displayed in the
MATLAb command window, thereby giving you an additional opportunity to ensure that the non-zero elements are in the correct locations:

Iz the preceding information correct? (vln [¥]): ¥
Bie,:,1) =
o o o
o o o
0 0 0
Bi:r,:,2) =
o o )
0.5657 o )
o o )
Bi:t,:,3) =
0 0 )
0.2595 o )
o o )
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The user interface will then request a final confirmation:
I= the preceding the correct modulatory connectivity arrav? (vln [¥]):

As this is the correct modulatory-connectivity array for the demonstration data set, enter “y’ in reply to the question (replying ‘n’ will return you to
the input-sequence position indicated in Subsection E.4).

7. After you confirm the modulatory connectivities, NIRS-DCM displays an information message regarding the direct-effects file structure (i.e.,
direct effects of the exogenous inputs on the cortical regions’ neural activities), followed by the next question in the input sequence:

I= the preceding the correct modulatory connectivity arrav? (v|n [¥])1: ¥
im =

The direct effects structure is a 3-by-3 arrav.
Uzsually this matrix is sparse, sSo it will he initialized to all zeros,
and then vou will indicate which elements have noh-zero values.

Iz the direct effectz information in a file (£},
or will wou enter it interactively (112 (£]11 [£]):

As indicated, the direct-effects file is structured similarly to the modulatory-connectivities file, in that it contains information about only the non-
zero elements of the direct-effects matrix.

For the demonstration data set, the direct effects are located in a file named °‘Cl.dat’, which is located in the DemoData folder.

Accordingly, enter ‘f”, or just press the Enter key, in reply to the preceding question. (For information on interactive entry of the direct effects,
skip to Subsection E.20.)

8. When you indicate that you are loading the modulatory connectivities from a file, NIRS-DCM displays an information message regarding the
expected file structure, followed by the next question in the input sequence:
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Iz the direct effects information in a file (£},
or will wou enter it interactively (112 (£]1 [£f]): £

Each row in the data f£ile szhould contain Jjust three nunbers:
The row and columh indices (each a positive integer,
and a connectivity coefficient walue.

MName of direct effects file?

Enter the file name including the path for navigating to DemoData from the current directory (here we are assuming that SourceCodes is the
current directory). NIRS-DCM loads the file, displays its contents in the MATLAB command window, and asks you to confirm that these are the
direct effects that you wanted to specify:

Mame of direct effects f£ile? ..\ DemolatahCl.dat
Cedit =

1.0000 1.0000 1.715:2

Iz the preceding information correct? (¥|ln [¥]):

What the ‘Cedit’ array is telling you is that there is 1 non-zero element in the 3x3 direct-effects array. It is located in (row 1, column 1) with a
numerical value of 1.7152.

If the displayed information were not the direct effects that you wanted, you would enter ‘n’ to return to the input-sequence position
indicated in Subsection E.7. However, for the demonstration data set the indicated number is the correct direct-effects value. Accordingly, enter
‘y’ or just press the Enter key. In response, the complete direct-effects array will be displayed in the MATLAb command window, thereby giving
you an additional opportunity to ensure that the non-zero elements are in the correct locations:
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Is the preceding information correct? (yv|n [¥])1: ¥

C o=
1.715:2 o o

0 0 0

0 0 0

The user interface will then request a final confirmation:
I=z the preceding the correct direct-effects matrix? (vln [¥]):

As this is the correct direct-effects array for the demonstration data set, enter “y’ in reply to the question (replying ‘n’ will return you to the input-
sequence position indicated in Subsection E.7).

9. Confirming the direct effects brings up the next question in the input sequence:

Iz the preceding the correct direct-effects matrix? (vin [¥]): ¥
What iz the time interval between successive data frames (default value = 0,1 3) 7

You may recall that when the exogenous-input time series were loaded or generated, no physical unit was assigned to the time interval Az between
successive time frames. In contrast, the elements of the intrinsic-connectivity, modulatory-connectivity, and direct-effects arrays all have physical
units of s (see Appendix 1). In order to obtain accurate results from the DCM forward-problem computation, it is necessary to specify the correct
At between successive time frames.

For the demonstration data set, the exact inter-frame time interval is 0.100625 s, a value that differs only slightly from the default 0.1 s.
Therefore press the Enter key to accept the default value:

What iz the time interval between successive data frames (default value = 0,1 3) 7
¥You specified dt = 0,1, and the number of external-input time frames is 11520,
Thiz corresponds Lo a measurenent period of 1152 =, or 19.2 m.

Do you approve? (¥ln [¥]):

[The total measurement period would be 7.2 s longer if you were to use the exact Af instead of the default value.] Enter ‘y’ or press the Enter key
to accept the time-unit assignment:
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10. Confirming the time-unit assignment brings up the next question in the input sequence:
Do wou approve? (vln [¥])1: ¥

Do wou want to add a stochastic element to the neural-activity equation? (¢vln [n]):

The fully deterministic DCM equation (Eq. (12)) described in Appendix 1 will be solved if you choose not to add a stochastic, or random, term to
the equation. Adding a stochastic term (Eq. (13)) is a simple way of extending the DCM model to include a non-deterministic effect that can be
expected to occur in biological effective connectivity networks. For the demonstration considered here, however, our first goal is to examine the
behavior of the deterministic model. Accordingly, enter ‘n” or press the Enter key in reply to the preceding question. (For information on use of the
‘y’ option, skip to Subsection E.21.) NIRS-DCM performs the forward-model computation, and then opens a figure window containing plots of
the resulting neural-activity time series, which for this example are:

Figure 7. Neural-activity time series computed by NIRS-DCM, using exogenous inputs plotted in Fig. 5, the
connectivity information in the Al.dat, Bl.dat and C1.dat files, and Az = 0.1 s.
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At the same time, the following question will be posted to the MATLAB command window:
Do wou wish to proceed to computation of the hemodyhnatnic wvariables? (yvln [¥]):

The reason why the magnitudes of the functions plotted in Fig. 7 vary over time is that they are principally determined by how many inputs are
present at a given time (inspection of the Fig. 5 boxcar functions shows that they partially overlap in time).

The ‘Do you wish to proceed...?” question gives you an opportunity to inspect the forward-problem solution, in order to ensure that it is
free of the oscillatory artifact that can occur if the you specified a too-large value for the Az between successive time frames. An example of this
artifact is shown in the next figure, where we set up the problem exactly as indicated above, except that we specified Az = 0.79 s (for even longer
time intervals, the amplitudes of the oscillations increase rapidly with increasing A¢):
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Figure 8. Neural-activity time series computed by NIRS-DCM, using exogenous inputs plotted in Fig. 5, the

connectivity information in the Al.dat, Bl.dat and C1.dat files, and A7 = 0.79s.
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If you were not satisfied with the result of the neural-activity computation, you would enter ‘n’ to return to the input-sequence position indicated in
Subsection E.9. As it happens, there is no problem in the result plotted in Fig. 7; therefore enter ‘y’, or press the Enter key, in response to the ‘Do

you wish to proceed...?” question:

11. When you indicate that you are ready to proceed, NIRS-DCM displays an information message regarding the expected file structure for the
parameters of the neurovascular coupling model (see Appendix 2), followed by the next question in the input sequence:

Do wou wish to proceed Lo computation of the hemodynamic wvarisbhles? (v|in [¥])1: ¥

im =

There are 5 numerical parameters wou mwust specify for the neurovascular coupling model.

Valuesz mwust kbe specified for all of them,

in each of the 3 cortical regions.

Are the parameters in a file [(f), or will wou enter them interactively (117 (£|1 [£]):

For the demonstration data set, the neurovascular coupling parameters are located in a file named ‘NVCP.txt’, which is located in the DemoData
folder. Accordingly, enter ‘f*, or press the Enter key, in reply to the preceding question. (For information on interactive entry of the neurovascular
coupling parameters, skip to Subsection E.22.) NIRS-DCM responds with the next question in the input sequence:
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Lre the parameters in a file [(f), or will wou enter them interactively (i)12 (£]11 [£])1: £

HName of the neurowvascular—-coupling paraswmeters f£ile?

To work with the demonstration data set, enter the file name including the path for navigating to DemoData from the current directory (here we are
assuming that SourceCodes is the current directory). NIRS-DCM loads the file, displays its contents in the MATLAB command window, and asks
you to confirm that these are the coupling parameters that you wanted to specify:

Name of the neurovascular-coupling parameters f£ile? . .hWDemobatah\NWCFP.txt
dizsp =
'alpha [0.32257219 0.32440402 0.31754959]!
! patirns [0D.245390545 0,2875248 0.2553348]"
'kappa [0.9211118585 0.9254821 0.99167367]"!
! rho [O.361700531 0,35455101 0.35242145]"
! tau [1.810595 1.60459656 1.5917452]"
Iz the preceding the correct mwatrix of neurovascular coupling paraweters? (vlh [F]):

Notice that there are 5 rows of numbers (one for each of the five parameters—a, 7, k, p, =described in Appendix 2), with 3 numerical values in
each row (one for each of the three cortical regions discussed in Appendix 1). If the parameters displayed were not the ones that you want to use,
you would enter ‘n’ to return to the ‘Are the parameters in a file...?” question.

12. The neurovascular coupling parameters shown in Subsection E.11 are the correct ones for the demonstration data set. Therefore enter ‘y’, or
press the Enter key, in reply to the preceding question. Using the parameters and the previously computed neural-activity time series as input,
NIRS-DCM numerically solves the “balloon model” equations and then opens a figure window containing plots of the resulting deoxyhemoglobin
and blood volume time series, which for this example are:
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Figure 9. Deoxyhemoglobin (blue) and blood volume (red) time series computed by NIRS-DCM, using the
neural activities plotted in Fig. 7.
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13. After producing the preceding plots, NIRS-DCM gives you the option of adding one or more “real world effects” to the hemodynamic time
series. The next question asked by the user interface is:

o wou want to add mweasurenment noise to the computed hemoglobin content and blood wolume? (v|ln [n]):
Whereas the stochastic-element option in the neural activity computation is intended to model non-deterministic behavior of the biological system
being studied, this measurement noise option is meant to model random noise in the measurement device. If you enter ‘y’ in response to the

preceding question, NIRS-DCM will add normally-distributed (zero-mean) random numbers to all of the hemodynamic time series. You will be
prompted to supply standard deviations for the normal distributions. For example:

Do wou want to add measurement noise to the computed hemoglobin content and blood voluwe? (vln [n]): ¥

Do wou want Lo use a single et o0f measurement-noisze standard deviations
for both the hemoglobin content and blood wvoluwne wvarisbles? (v|ln [¥]1: n

Plea=se enter a standard deviation (3D) walue for the deoxvhemoglobhin measurement noise
in each of the 3 cortical regions. If wou want to use a single 3D wvalue for all regions,
then vou can enter just a single numerical walue. [.05 .06 .03]

mnsdl =

0.a500 0.0s00 o.0300
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Do you approwve the preceding 3D wvalues? (yv|n [v]1: ¥

Flea=se enter a standard deviation (3D) walue for the wvenous blood volume measurenent noise
in each of the 3 cortical regions. If wou want to use a single 5D wvalue for all regions,
then you can enter just a single nuwerical wvalue. [.1 .12 .06]

mn=dz =
o.1000 0.1z00 o, oa00
Do you approwve the preceding 3D wvalues? (yv|n [v]1: ¥
Do wou approve the plotted noize-added results? (vln [¥]1: ¥

produces the following output:

Figure 10. Deoxyhemoglobin (blue) and blood volume (red) time series, with normally-distributed additive noise.
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If you should change your mind about adding measurement noise, or inadvertently start the process by pressing the Enter key in response

to the ‘Do you want to add measurement noise...?” question, you can abort the process without terminating NIRS-DCM. To do this, simply specify
a value of 0 for the noise standard deviations:
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Fleaze enter a standard deviation (3D) value for the measurement noise in each of the
3 cortical regions. If wou want to use a single 3D wvalue for all regions,
then vou can enter just a z2ingle numerical wvalue. 0O

mnsdl =

Do wou approwve the preceding 3D values? (vln [¥]):
im =
Ev entering only =zero 3D wvalues, wvou are aborting the nmeasurement-noise procedure.

14. The second “real world effects” option that NIRS-DCM provides is:

Do wou want to add low-fequency oscillations (LFO3) to the
computed hemoglobin content and blood wvolume? (v|n [n]):

The option of adding low-frequency oscillations (LFOs) to the hemodynamic time series is provided as a way of modeling “background
phenomena,” that is to say, other phenomena that cause the hemoglobin content and blood volume to fluctuate but are not related to the exogenous
inputs. If you indicate that you do want to add LFOs, the next question in the input sequence is:

‘DD 7O want to enter oscillation parameters fromw a file (f), or interactiwvely (117 [(£|1 [£]):
The demonstration data set includes a file called ‘LFOs.txt’ that contains frequency, amplitude and phase information for a number of LFOs.
Accordingly, enter ‘f°, or press the Enter key, in reply to the preceding question. (For information on interactive entry of the frequency, amplitude

and phase parameters, skip to Subsection E.23.) NIRS-DCM responds with the next question in the input sequence:

Do wou want to enter oscillation parasmeters from a f£ile (£), or interactively (1172 (£|1i [£f]): £
MNamwe of LFO-parameters £ile?

To work with the demonstration data set, enter the file name including the path for navigating to DemoData from the current directory (here we are
assuming that SourceCodes is the current directory). NIRS-DCM loads the file, displays its contents in the MATLAB command window, and asks
you to confirm that these are the LFO parameters that you wanted to specify:
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WName of LFO-parameters £ile? ..4DemoDatahLFOs.txt
disp =

'g, region .003 H=, ampl. =
001 H=, amwmpl. =
003 Hz, amwpl. =
001 Hz, amwpl. =
.003 H=, ampl. =
001 H=, amwmpl. =
003 Hz, amwpl. =
001 Hz, amwpl. =

.1, phase = 20 degrees'
'ff, region .2, phase = 35 degrees'
'ff, region .15, phase = 54 degrees'
'of, region 5, phase = 173 degrees'

'vw, region

o
=
1]
0]
m

1]

200 degrees'
'vr, region 218 degrees'
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Do wou approve these LFQ parameter values? (vln [¥]):

You may recall (see Appendix 2) that the symbols ‘q’ and ‘v’ denote the deoxyhemoglobin content and the venous blood volume, respectively.
Thus the displayed information tells you that for cortical region 1, two LFOs will be added to each of the hemodynamic time series, while one
LFO will be added to the time series for each hemodynamic variable, for each of the other two cortical regions. Enter ‘y’, or press the Enter key, to
indicate your approval of these LFO parameters. (If you want to specify different LFO parameters, you may either use the interactive entry method
described in Subsection E.23, or use a text editor to modify a copy of the LFOs.txt file.) In response, NIRS-DCM will open a figure window
containing plots of the resulting deoxyhemoglobin and blood volume time series:

Figure 11. Deoxyhemoglobin (blue) and blood volume (red) time series, with added low-frequency oscillations.
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Note that in order to produce the sample output in the preceding figure, we answered ‘n’ to the ‘Do you want to add measurement noise...?’
question and ‘y’ to the ‘Do you want to add low-frequency oscillations...?” question. If we also had added noise, then the time series would show

the net result of both effects.

If you should change your mind about adding LFOs, or inadvertently start the process by pressing the Enter key in response to the ‘Do you
want to add low-frequency oscillations...?” question, you can abort the process without terminating NIRS-DCM. To do this, indicate that you want
to specify the LFO parameters interactively, then enter ‘n’ in reply to all of the ‘Ready to enter a set of parameters...?” questions:

Do wou want to
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15. The third “real world effects” option is:
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Do wou want to add amwplitude distortions to the computed hemwoglobhin content and blood wvoluwe? (vln [n]):

What this means is that you may multiply each hemodynamic time series by a different constant factor, as a way of modeling positional variability
in the quantitative accuracy of the recovered hemoglobin-content and blood-volume information. You will be prompted to supply a set of
multiplicative constants. For example:
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Do you want to add amplitude distortions to the computed hewoglobin content and blood volume? (v|n [n]): ¥

Do wou want to use a single et of amplitude-distortion factors [(LADF=s)
for both the hemoglobin content and blood wolume wvarisbhles? (vin [F]11: 7

FPlease enter anh ADF for each of the 3 cortical regions.
If wou want to use a single ADF for all regions,
then vou cah enter just a single nuwwerical walue. [1.1 .9 1.5]

adfl =

1.1000 0.90a0 1.5000

Do wou approwve the preceding ADF=? (vin [¥]1: ¥

produces the following output:

Figure 12. Deoxyhemoglobin (blue) and blood volume (red) time series, with amplitude distortions.
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Note that in order to produce the sample output in the preceding figure, we answered ‘n’ to the ‘Do you want to add measurement noise...?” and
‘Do you want to add low-frequency oscillations...?” questions, and ‘y’ to the ‘Do you want to add amplitude distortions...?” question. If we also
had included one or both of the others, then the time series would show the net result of all of the modeled effects.
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If you should change your mind about adding amplitude distortions, or inadvertently start the process by pressing the Enter key in
response to the ‘Do you want to add amplitude distortions...?” question, you can abort the process without terminating NIRS-DCM. To do this,
simply specify a value of 0 for the amplitude-distortion factors:

Please enter an ADF for each of the 3 cortical regions.
If you want to use a single ADF for all regions,
then you cahn enter just a 2ingle numerical wvalue, 0O

adf1

Do wou approwve the preceding ADFs? (vin [¥]):
im =
Evy entering only =zero ADFz, vou are sborting the awplitude-distortion procedure.

16. You will be asked to specify the name of a folder, into which the output files of the NIRS-DCM forward-problem solver will be stored (if the
folder that you name does not already exist, NIRS-DCM will create it):

Enter the file path for the folder where the output files will go:

For this demonstration, we will specify a folder called ‘OutputFiles’, which will be located in the MATLAB ‘work’ folder, at the same level as the
SourceCodes and DemoData folders (here we are assuming that SourceCodes is the current directory):

Enter the f£ile path for the folder where the output files will go: ..\OutputFiles

After the output is saved, NIRS-DCM automatically proceeds to run the inverse-problem solver (Section G). After the inverse-problem
computation is completed, the final input-sequence question is displayed in the MATLAB command window:

Do wou want to process another data set? (vln [¥]):
If you enter ‘y’ or press the Enter key, NIRS-DCM will bring you to the starting point of the data-input sequence (see Subsection B.3), so you can

prepare another data set for processing with the DCM inverse-problem solver. For this demonstration, enter ‘n’ at this time, in order to end the
NIRS-DCM session:
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Enter the file path for the folder where the output files will go: ..\OutputFiles
Do wou want to process another data set? (vln [¥]1: n

17. The newly created (for this example) folder, and the output files it contains, are shown in Fig. 13, below. You will notice that all of the files
have ¢ 1’ as part of the file name. This indicates that they are the results from the first forward-problem simulation carried out in the current
NIRS-DCM run. If we had entered ‘y’ in response to the ‘Do you want to process another data set?’ question and performed a second simulation,
then 2’ would be part of the file name for the second simulation’s output files.

Files having names that start with the letter ‘z’ contain computed neural activity time series. Files with names that start with the letter ‘q’
contain deoxyhemoglobin time series, and files with names that start with the letter ‘v’ contain blood-volume time series. The ‘q_1.dat’ and
‘v_1.dat’ files contain the hemodynamic time series prior to the inclusion of any of the “real world effects,” as shown in Fig. 9. The ‘qd_1.dat’ and
‘vd_1.dat’ files contain the hemodynamic time series after inclusion of the amplitude-distortion effect, as shown in Fig. 12.

If we had added measurement noise to the computed hemodynamic time series, then the output folder also would contain files named
‘gqn_1l.dat” and ‘vn_1l.dat’. If we had added low-frequency oscillations to the computed hemodynamic time series, then the output folder also
would contain files named ‘qo_1.dat” and ‘vo _1.dat’. Please recall that the noise, LFO and distortion effects are cumulative. That is, if the folder
has both a “‘vn_1.dat’ file and a ‘vo_1.dat’ file, then data in the former will include only the measurement-noise effect (since this is the first effect
that NIRS-DCM gives you the option of adding), but the latter will include both the measurement-noise and LFO effects.

Figure 13. Folder and files containing output of the NIRS-DCM forward-problem solver.
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18. [Go back to E.2] After you specify that you want to enter the intrinsic connectivities interactively,

Number of cortical regions in vour model? 3

Are the intrinsic conhnectivities in a file (£),
or will wou enter them interactiwvely (1i)2 (£]1 [£]): 1

NIRS-DCM will respond by prompting you for the connectivity values:

Enter the 3-bvy-3 intrinsic conhectivity matrix:

(The user interface asks for a 3x3 matrix, in this example, because we entered ‘3’ in reply to the ‘Number of cortical regions...?” question.) When
entering numbers that form an array, it is necessary to somehow indicate each number’s correct position in the array, in addition to its numerical
value. This is accomplished as shown in the following example:

Enter the 3-by-3 intrinsic connectivity mwatrix: [-1.5 .9 0; .5 -1 —-.2; 0 .5 -.9]

where the square brackets indicate “everything inside these brackets is part of the array,” and the semicolons mean “skip to the next row.” In
response, NIRS-DCM will display the numbers that you entered in the conventional 2D matrix form, allowing you to confirm that the numerical

values and locations in the array are correct:

L =
-1.5000 0.90ooo ]
0. 5000 —1.0000 -0.z2000
o 0. 5000 -0.25000

Iz the preceding the correct intrinsic connectivity matrix? (vin [¥]):

19. [Go back to E.4] When you specify that you want to enter the modulatory connectivities interactively,

Iz the modulatory conhectivity information in a £ile (£,
or will wou enter it interactiwvely (112 (£]11 [£]1: 1

NIRS-DCM will respond by asking you for the number of non-zero values in the MxMxN (3x3x3, in this example) modulatory-connectivity array:
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How many array elements are noh—=ero?
After you answer the preceding question, you will be prompted for the array locations and numerical values of the non-zero elements:
How many array elements are noh-zero? @2
Enter the row, column, layer and coefficient information for element #1:

Use the following syntax for entering the array-position and numerical-value information:

Enter the row, column, layer and coefficient information for element #1: [2 1 2 .9]
Enter the row, colwmn, layer and coefficient information for element #2: [2 1 3 .3]

In response, NIRS-DCM will display the complete 3D modulatory-connectivity array, allowing you to confirm that the numerical values and
locations of the non-zero elements are correct:

Bi:,:,1) =
] o o
] o o
] o o
Bi:r,:,2) =
] 0 )
o.s000 o )
] o )
Bi:,:,3) =
u] ] )
0.3000 o )
] o )
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I= the preceding the correct modulatory connectivity arrav? (vln [¥]):

20. [Go back to E.7] When you specify that you want to enter the direct effects interactively,

Iz the direct effects information in a file (£,
or will wou enter it interactiwvely (i)2 (£]11 [£])1: 1

NIRS-DCM will respond by asking you for the number of non-zero values in the MxN (3x3, in this example) direct-effects array:
How many array elements are noh—-=ero?
After you answer the preceding question, you will be prompted for the array locations and numerical values of the non-zero elements:
How many array elements are non-=zero? 1
Enter the row, colwm and coefficient information for element #1:
Use the following syntax for entering the array-position and numerical-value information:

Enter the row, colwon and cosefficient information for elemwent #1: [1 1 1.7]

In response, NIRS-DCM will display the complete 2D direct-effects array, allowing you to confirm that the numerical values and locations of the
non-zero elements are correct:

C =
1.7000 ] ]
o ] ]
] ] ]

Iz the preceding the correct direct-sffects matrix? (vln [¥]):

21. [Go back to E.10] If you want to incorporate a simple model of non-determinism into the DCM forward-problem solver, enter ‘y’ in response
to the ‘Do you want to add a stochastic element...?” question:

Do you want to add a stochastic element to the neural-activity equation? (v|n [n]): ¥
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The effect of invoking the stochastic-element option is that, in each simulated time frame, NIRS-DCM will add normally-distributed (zero-mean)
random numbers to the computed neural-activity changes. You will be prompted to supply standard deviations for the normal distributions. For
example:

Please enter a standard deviation (23D) walue for the random fluctuation in each of the
3 cortical regions. If wou want to use a single 3D wvalue for all regions,
then vou can enter just a single nuwerical walue., [.5 .6 3]

NIRS-DCM displays the standard-deviation values that you have specified, and asks you to confirm that these are the ones you want.

zesd =

0. 5000 0. e000 0.3000

Do you approwve the preceding 3D wvalues? (yv|ln [¥]):

If you want to change one or more of the standard deviations that you specified, enter ‘n’ to repeat the ‘Please enter a standard deviation...” step. If
you change your mind about including a stochastic element, you can abort the procedure by entering 0 for the standard deviations:

Pleaze enter a standard deviation (3D) wvalue for the random fluctuation in each of the
3 cortical regions. If wou want to use a =ingle 3D wvalue for all regions,
then you cah enter just a =single numerical walue. O

ze=d

Do you approve the preceding 3D values? (v|ln [¥]):
im =
Ev entering only =zero 5D walues, vou are asborting the stochastic-element procedure.

Otherwise, enter ‘y’, or press the Enter key, to start the neural-activity computation. NIRS-DCM performs the forward-model computation and
opens a figure window containing plots of the neural-activity time series, as shown in Fig. 14 (black curves). For comparison, the results that
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would be obtained for the fully deterministic model also are computed and are plotted as overlays in the same figure (red curves). An
accompanying information message, as shown below, is displayed in the MATLAB command window:

Do you approve the preceding 2D wvalues? (v|ln [¥]): ¥
im =

The red and bhlack curves in the neural activity plots are
the fully deterministic and deterministic-plus-stochastic cases,
respectively.

Figure 14. Neural-activity time series computed by NIRS-DCM, with (black curves) and without (red curves) a
stochastic element included in the forward-problem model. Compare to Fig. 7 in Subsection E.10.
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In Figure 15 we show an expanded view of a portion of the computed time series from Fig. 14, order to convey a more complete understanding of
the expected effects of the stochastic term.
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Figure 15. Same neural-activity time series as in Fig. 14, after zooming in on the 360-600 s time interval.
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22. [Go back to E.11] In order to interactively enter the parameters of the neurovascular coupling model, start by entering ‘i’ in reply to the
question that asks you to choose a method for specifying those model parameters:

There are § numerical parameters wou wust specifvy for the neurovascular coupling model.
Valuez mwust be specified for all of them, in each of the 3 cortical regions.

Are the parameterzs in a file [(f), or will wou enter themw interactively (1172 (£]1 [£]1: 1

NIRS-DCM will respond by prompting you for the model-parameter values:

Enter the 5-bvy-3 matrix of neurovascular coupling parastneters:

(The first matrix dimension will always be 5, which is the number of distinct model parameters. The second matrix dimension is 3, in this
example, because we previously answered ‘3’ to the ‘Number of cortical regions...?” question.) When entering numbers that form an array, it is
necessary to indicate each number’s correct position in the array, in addition to its numerical value. This is accomplished as follows:

Enter the S5-bvy-3 matrix of neurovascular coupling parameters: [.32 .32 .32;.25 .29 .26;.91 .93 .99;.36 .36 .35;1.8 1.6 1.6]
The square brackets indicate “everything inside these brackets is part of the array,” and the semicolons mean “skip to the next row.” In response,

NIRS-DCM will display the numbers that you entered, with text labels indicating which parameter corresponds to each row of the array, allowing
you to confirm that the locations and numerical values are correct:
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disp =

'glpha = [0.32 0.32 0.32]"
'gamma = [0.25 0.29 0.26]"
'kappa = [0.91 0.93 0.99]"
' rho = [0.36 0.36 0.35]"

' tau = [1.8 1.6 1.6]"

Iz the preceding the correct matrix of neurowvascular couplihg parameters? (vln [¥]):

23. [Go back to E.14] In order to interactively enter the parameters for low-frequency oscillations (i.e., frequency, amplitude, phase), start by
entering ‘i’ in reply to the question that asks you to choose a method for specifying those model parameters:

Do wou want to add low-fegquency oscillations [(LFO=) Lo the
computed hewoglobin content and blood wvoluwe? (vin [¥]1: ¥

Do wou want to enter oscillation parameters from a file (£), or interactively (11727 (£|1 [£]): 1

NIRS-DCM will respond by prompting you for the model-parameter values. The hemodynamic variables and cortical regions are considered in a
systematic order. First, you will be asked if you want to add a LFO to the ‘q’ (i.e., deoxyhemoglobin-content) variable, for the first cortical region:

Feady to enter a set of parameters for wvariable 'g', cortical region 17 (vln [¥]):

If you enter ‘n’ in reply, NIRS-DCM will proceed to ask you the same question about cortical region 2. If, instead, you enter ‘y’ or press the enter
key, then you will be prompted for the frequency, amplitude and phase information:

Freguency (in H=)? .003
Amplitude? .1

Phaze [(in degrees) ? 20

Next, you will be asked if you want to add a second LFO to the region-1 deoxthemoglobin time series:
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Feady to enter another set of parameters for varisble 'g', cortical region 12 (v|in [¥])1: ¥
Freguency (in H=)? .001

Aoplitude? .2

Phaze [in degreesz) ? 38

NIRS-DCM does not impose a limit on how many LFOs you can add to a hemodynamic-variable time series. It will repeat the ‘Ready to enter
another set...?” question until you enter ‘n’ as your answer, and then it will proceed to the next cortical region:

Feady to enter another zset of paramweters for wvariable 'qg', cortical region 17 (vln [¥]1: n

Feady to enter a set of paraweters for wariable 'g', cortical region 27 (¥|n [¥]1: ¥

After you finish entering the LFO-parameter information for the ‘q’ variable for the last cortical region, NIRS-DCM will automatically proceed to
the ‘v’ (i.e., venous blood volume) variable:

Feady to enter another set of parameters for variakble 'o', cortical region 32 (vln [¥]): n
Ready to enter a set of paraweters for wariakble 'wvw', cortical region 12 (v|n [¥]1): 7

After you finish entering the LFO-parameter information for the ‘q’ variable for the last cortical region, NIRS-DCM will automatically proceed to
the next step in the data-input sequence.

F. Loading Measurement Data from a File [Go back to C.4 D.3]

1. If you enter ‘e’ in response to the ‘Do you want to load a file of time series derived from experimental data...?” question (Subsection C.4),
NIRS-DCM will respond by prompting you for the name of the file containing your measurement-based data:

Do wou want to load & f£ile of tinme series derived from experimental data (2],
or to carry out a forward-problem simulation (3)7? (e|3s [3]1: e

MName of file containing experimental data-derived time series?
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2. Reply to the preceding question by entering the name of the file (including the path) that contains the data you want to process. For
demonstration purposes, we will use a file that is included in the DemoData folder (here we are assuming that SourceCodes is the current
directory):

HName of file containing experimental data-derived time sSeries? ..HDemDData\v_l.dat

3. Note that the file that is loaded contains a single hemodynamic time series for each cortical region that will be considered in the DCM inverse-
problem computation (Section G). That is, NIRS-DCM expects that you have already processed your reconstructed-image data, to reduce it from a
(number of time frames)-by-(number of image pixels) array down to a (number of time frames)-by-(number of cortical regions) array. This
operation is not performed by the current version of the NIRS-DCM code {but it is planned that it will be included in a future revision of the NIRx
data processing and analysis suite}.

4. In addition to the exogenous inputs and experimental data, it is necessary for you to specify a hypothesis for the network of effective
connectivity, as described in Appendix 1. In practical terms, this means that you need to tell NIRS-DCM which elements of the A B and C
matrices are permitted to have non-zero values. For the demonstration data set, the appropriate patterns of intrinsic connectivity, modulatory
connectivity and direct effects are stored in the DemoData folder, in files named ‘A0.dat’, ‘B0.dat’ and ‘C0.dat’, respectively.

After the experimental data are loaded, NIRS-DCM will prompt you for information on the pattern of intrinsic connectivity, which can be
loaded from a file or entered interactively. To load a file, follow the steps in Subsection E.3, but specify the ‘A0.dat’ file instead of ‘Al.dat’. To
enter the information interactively, follow the steps in Subsection E.18, but enter only values of ‘1’ and ‘0’, in order to indicate which matrix
elements do and do not have non-zero values, respectively.

After the intrinsic-connectivity pattern is specified, NIRS-DCM will prompt you for information on the pattern of modulatory
connectivity, which can be loaded from a file or entered interactively. To load a file, follow the steps in Subsections E.4-E.6, but specify the
‘B0.dat’ file instead of ‘B1.dat’. To enter the information interactively, follow the steps in Subsection E.19, but enter only the row-index, column-
index and layer-index values, in order to indicate which array elements have non-zero values.

After the modulatory-connectivity pattern is specified, NIRS-DCM will prompt you for information on the pattern of direct effects, which
can be loaded from a file or entered interactively. To load a file, follow the steps in Subsections E.7-E.8, but specify the ‘C0.dat’ file instead of
‘Cl.dat’. To enter the information interactively, follow the steps in Subsection E.20, but enter only the row-index and column-index values, in
order to indicate which array elements have non-zero values.

5. NIRS-DCM loads the specified file, then automatically proceeds to run the inverse-problem solver (Section G). After the inverse-problem
computation is completed, you will be asked if you have another data set to process:

Do wou want to process another data set? (vln [v]):

If there are additional data sets that you want to proces with NIRS-DCM, then enter ‘y’, or press the Enter key, to return to the starting point of the
data-input sequence (see Subsection B.3).
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G. Inverse Problem Solver [Go back to E.16]

1. When you either run a simulation or load data time series from a file, NIRS-DCM automatically creates and saves the files that the DCM
inverse-problem solver requires as its input. Then the inverse-problem solver automatically is called, and the inverse-problem computation begins.
{Future code revisions will give the user increased control over when to run the inverse-problem module and over the inverse-problem solver’s
input and output file names. }

2. As the present revision of NIRS-DCM makes use of SPMS source code files for computing solutions to the inverse problem, the SPM8 ‘System
Identification’ window illustrated in the following figure will open at the start of the inverse-problem computation. An iterative nonlinear
optimization algorithm is used to estimate values of the effective-connectivity and neurovascular-coupling parameters that provide the best fit to
the data time series. After each iteration, the plots in the System Identification window will be updated.

Figure 14. SPMS System Identification window, employed by the NIRS-DCM inverse-problem solver
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3. When the inverse-problem computation is complete, a set of information having the following form will be displayed in the MATLAB

command window (and also saved in an output file, so it is not necessary for you to manually record anything).

ans =

option=:
M:
Ce:
Ep:
Cp:
Fp:
Vo
Hi:
El:
R:
7!
T:
F:
ID:
ATC:
BIC:

For the purpose of comparing two or more hypothesized effective-connectivity networks (see Appendix 1), the most relevant quantity is the ‘F
parameter near the bottom of the list. The network having the largest value of F is the most likely one, among the set that were considered.
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1. The physical or structural interconnectivity of the brain, mediated by white-matter tracts that permit communication between physically
separated regions, is well known. So too is the fact that many cognitive processes entail the participation of multiple areas of the brain. Thus it is
appropriate to apply methods developed in the subject area of network theory,* of which DCM is one particular flavor, to NIRS neuroimaging data
in order to see if they can help us to interpret the data in terms of how the different regions interact.

An underlying premise of the DCM strategy is that the connectivity among brain regions is effective in nature, which means that changes
in neural activity in one region actively induce corresponding changes in others, as implied by the yellow arrows in the following cartoon:

Figure Al.1. Cartoon depiction of an effective-connectivity network [reproduced from Ref. 5].
Blue regions have been identified as participating in the neural response to a stimulus or task, for
example by GLM analysis of NIRS functional neuroimaging time series. Red arrow indicates the
site where the exogenous inputs have their direct effects. Yellow circles indicate that the
identified regions are hypothesized to participate in a network of effective connectivity, while the
yellow arrows show the hypothesized pattern of inter-regional influences.

The DCM theory distinguishes effective connectivity from merely functional connectivity. The latter term refers to temporally correlated activity
in distinct regions, without regard to whether or not any causal influence flows from one to another (e.g., even in the case of a complete
commissurotomy, an auditory stimulus simultaneously delivered to both ears would result in functional, but not effective, connectivity between the
left and right primary auditory cortices). This raises the question of how is it possible to distinguish one type of connectivity from the other. The
answer is that they cannot be distinguished by analytical strategies that are entirely based on examination of the neuroimaging data: a requirement
of DCM is that we supply an a priori hypothesis as to the structure of the effective-connectivity network.

™ For a NIRS measurement, the only data available are the hemodynamic correlates of changes in neural activity. Consequently, in NIRS-DCM as in BOLD
fMRI-based DCM [2,3], the term “neural activity” is intentionally left vague and defined in dimensionless relative units.
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2. The yellow arrows in the preceding cartoon are meant to indicate an effective-connectivity hypothesis involving the four highlighted cortical
regions. It should be noted that the arrows are not meant to imply that we are postulating direct anatomical connections between them (e.g., via
white matter tracts), or that these connections, even if present, necessarily are the pathways by which one region influences another in a given
instance.

It cannot be overemphasized that DCM does not have the ability to tell us whether the effective-connectivity network embodied in a user-
supplied hypothesis corresponds to the network that really is present in the brain. Rather, it performs a mathematical estimation of the likelihood
that the hypothesized network of effective connectivity could produce the observed data. If the same computation is carried out for multiple
hypothesized networks of effective connectivity, for example the one depicted in Fig. Al.1 and the three alternatives in Fig. Al.2, then a
conclusion can be drawn as to which one is most likely, given the particular imaging data. However, the possibility that none of the hypotheses
considered is the correct one cannot be definitively excluded."

Figure A1.2. Cartoon depiction of three effective-connectivity networks that are alternative hypotheses to the one shown in Fig. A1.1.

3. Identification of which brain regions to include ordinarily is based on the use of functional NIRS imaging tools of the sort provided by the
NAVI and naviSPM packages (and on prior biological knowledge): detector pre-processing + image reconstruction + GLM or another post-
reconstruction feature-extraction algorithm. From that point on, it is not necessary to be concerned with details of the neuroanatomy. Instead,
hypotheses regarding the effective interactions among the regions can be conveniently represented by a simplified diagram, as shown in the
following figure. The depiction in Fig. A1.3 (where, for convenience, we have lowered the value of M from 4 to 3) is useful for illustrating a
number of basic features of the DCM approach to network analysis:

a. The entities that lie within the light green layer are unknown quantities, not directly observable via functional NIRS measurements. In
contrast, those that lie above or below that layer are known quantities, either because they are directly user-controlled (the inputs) or because
they are experimentally measured (the y outputs).

b. The black arrows have the same significance as the yellow arrows in Figs. Al.1 and A1.2: they indicate the manner in which each region’s
activity is influenced by the activity in other regions.

' An additional caveat is that comparison of computed likelihoods cannot be used to choose between networks comprising different sets of brain regions, but
only for choosing among two or more networks interconnecting a fixed set of regions.
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c. The orange arrows indicate the tendency of each region to have an inhibitory effect (emphasized by the ‘-’ signs) on its own activity.
Whether or not these have real anatomical correlates in every part of the brain, they have the mathematically necessary effect of stabilizing the
neural activity computation (i.e., they ensure that the computed activities will not “blow up” in the presence of exogenous inputs [and that they
trend toward zero in the absence of inputs]).

Figure A1.3. Simplified representation of an effective-connectivity network [reproduced from Ref. 6]. Here the
distinction between direct and modulatory inputs is made explicit.

NIRS

activity

modulatory
input &,(f)

| [

driving >t
input u,(f)

d. There are two classes of exogenous input. The “driving input” u,(¢) directly induces a change in neural activity in one or more brain regions.
The “modulatory input” u,(f) exerts its effect in a more indirect way, by temporarily changing (i.e., modulating) the magnitude of the
connectivity between at least one pair of regions. It should be noted that in the preceding cartoon, the depicted modulatory input is a “boxcar”
function while the direct input is of the “event” type, as described in Section D.1.

[

An even more compact (and hence more convenient to work with), 2D representation of an effective-connectivity network is:
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Figure A1.4. Even more simplified representation of an effective-connectivity network. Cortical
regions and inputs associated with the DemoData files are explicitly labeled.

hotion Attention

where the intra-regional inhibitory connectivities no longer are explicitly shown (since it is a given that they always are present), and where we
have explicitly labeled the exogenous inputs that were used in the experiment reported in Ref. 1: the “Photic” driving input was a set of white dots
projected onto a screen; the “Motion” modulatory input was present during epochs when the dots were moving and absent when they were
stationary; and the “Attention” modulatory input was present during epochs when the subject was given the instruction to look carefully at the
moving dots and to count the number of times their velocities changed.** The labels on the three cortical regions—V 1 = primary visual cortex, V5
= middle temporal visual area, PPC = posterior parietal cortex—indicate the three areas that were identified, through GLM analysis of BOLD
fMRI image time series, as showing hemodynamic behavior most directly related to the three exogenous inputs. As to the locus of action of the
modulatory inputs: as already indicated, it is not possible to establish these with certainty. The specific network depicted in Fig. A1.4 is one among
many that have been suggested as hypotheses for the situation that is present in the brain.”

However, if the specific network shown in Fig. A1.4 is used as input for the DCM forward-problem solver, then the resulting computed
neural-activity time series are necessarily the output of that network and no other, and we know the correct answer to the effective connectivity
question a priori. Thus the forward-problem data serves a function analogous to the role played by phantom object for evaluating image
reconstruction algorithms.

4. Formally, the DCM equation for neural activity is a system of ordinary differential equations, which specifies how the neural activity of each
brain region changes over time, under the influence of the present neural activities and the present values of the exogenous inputs. Before
proceeding to the general form, it is instructive to consider some special cases.

a. A single brain region, where the rate of change of neural activity is proportional to the present neural-activity value, and having neural
activity of zj at = 0. The mathematical equation describing this situation is:

dz
7= (:(0)=2) @

Many readers will recognize that the solution is:

z=z,e" )

* The velocity never actually varied. However, every subject claimed to have seen changes in velocity.
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from which it follows that the parameter a must be a negative number, a < 0, in order to guarantee that the value of z will not “blow up” with
the passage of time.

b. In Eq. (1), there is no explanation for how z acquired a non-zero initial value. For a somewhat more realistic special case, we’ll add a
positive-valued exogenous driving input:

—ijaz+c (z(O)zO, c>0). 3)
The solution to the new differential equation is:
c c
=——(1-¢")=—(1-¢e"). 4
z a( e) |a|( e) “)

As in the previous case, the requirement that the solution not “blow up” implies that a < 0. Consequently, the ratio -c/a is a positive number,
and the solution is an exponential that increases from an initial value of zero to the final limiting value of ¢/|a].

What if the value of the driving input should suddenly change at some time: for example, if c =1 for t < T, and ¢ =0 for ¢ > 77 In that
case, the form of the solution also changes, from Eq. (4) fort < T'to Eq. (2) for ¢ > T.
c. Next, we consider a case of two cortical regions, where the rate of change of each region’s activity is affected not only by the exogenous
input and by its own present activity, but also by the present activity in the other region. For convenience, we will assume that the driving
input has a direct effect on only one of the regions, as in the networks depicted in Figs. A1.3 and A1.4. Thus the differential equation in Eq.
(3) generalizes to:

dz,

—=a,,z, +a,z, +¢

dz
—X=a,z +0ay,z, ®)
(z,(0)=2,(0)=0, ¢>0)
A mathematically equivalent but more compact way of writing Eq. (5) is:
dz, [dt _| @ an A e ©)
dz, [dt a, a |z, 0
while an even more compact (and still equivalent) way is:
z=Az+c @)
Just as Eq. (5) (or (6), or (7)) is formally similar to Eq. (3), the form of its solution is similar to Eq. (4):
z,=ae" + e +y

@®)

z, =0e" +ee” +¢
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The parameters s; and s, in the exponents are numbers that mathematicians call the eigenvalues of the A matrix, while the ratios o/ and f/e
are governed by A’s eigenvectors. The expressions for the solution parameters do not matter here; what is important is that inspection of Eq.
(8) allows us to derive the stability criterion for systems of two or more interacting regions: every eigenvalue of A must be a negative number.
(Complex-number eigenvalues are permissible, in which case the requirement becomes that they all must have negative real parts.)

As in the one-region case, if the value of the exogenous driving input changes at ¢ = 7, then the solution will still have the mathematical
form shown in Eq. (8), but the specific numerical values of @, 5, 7, 6 €and { will change. However, s, 55, @/ and /e will not change, since
A is not affected by driving inputs

d. Finally, what is the effect of an exogenous modulatory input? The answer is that it is equivalent to changing the values of one or more
elements of A at specific times! For example, Eq. (6) might become:

a, dp || 4 ¢ (<T
dz, [dt 4y Ay |5 " of
- ©)

dzz/dt |:a11 a12+b12}|:21}+{c:|, (ST
ay ay Zy 0

(For convenience, we have assumed that the driving input does not change.) Since an element of A is changing at time 7, its eigenvalues and
eigenvectors also will change at that time. While the mathematical form of the solution will still be given by Eq. (8), but the parameter values
will change. What distinguishes this from the previously considered case of a driving input that changes at time 7 is that a modulatory input
can also affect sy, 55, &/dand fe.

5. Generalizing from the preceding example, the DCM differential equation that corresponds to the Fig. A1.4 network is:

r Photic T
dZv1/d[ Ayicvi Ayicvs 0 Zyy Cyi 0 0| tppege
_ Motion Attention
dzs / dt | =] ays vi +Dys v “Unioion T Dysenvt “Ungention Gvsevs  Gysepec || Zvs |+ 0 0 0| yoion (10)
| dzy / dt 0 Appcvs  Appcerrc | Zppc 0 0 0] %ugention |

Eq. (10) can be reduced to a more compact form analogous to Eq. (7), as follows:

T Photic B
dZVl/d[ Ayievi Qyievs 0 0 00 0 00 Zy Cyi 0 O tppge
_ Motion Attention
dzys / dt |=||ayscvi Ayscvs  Ayscppe | T Uygion | Dvsevi 0 0|+ Ugpenion | Dysevt 0 0 Zys |+| O 0 0| tyggion (11
dzy [dt J 0 ppcevs  Appcerprc 0 0 0 0 0 0] Zpec 0 0 0_ U pttention

.- Motion Attention
z= (A + uMotionB + uAttentionB )Z +Cu

The final expression in Eq. (11) can be generalized to any effective-connectivity network, involving any numbers of regions and exogenous inputs:

iz{A+ZujB(j)}z+Cu, (12)
J
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which is the fully deterministic DCM equation for neural activity.

6. A stochastic element into the model (see Subsection E.21) by adding one more term to Eq. (12):
N(O, o} )
i=[A+ZujB('[)}z+Cu+ P (13)
! N0.0%,)

where N(0,07) is a Gaussian random variable with mean value equal to zero and variance equal to (the user-specified value of) o7 for the /"
cortical region.
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Appendix 2. Mathematical Model of Neurovascular Coupling [Go back to A.2 E.11 E.14]

1. After identifying the brain regions that will be considered in the NIRS-DCM computations, the user must distill the set of image time series
within each region into a single time series: this may be accomplished, for example, by computing the volume average, or by computing the first
principal component of all the region’s time series; or by selecting the image pixel that has the largest amplitude, or is most strongly correlated
with the exogenous input function, or lies nearest the centroid of the region. Thus the 4D hemodynamic image time series is reduced to a set of M
hemodynamic time series (i.e., these are the y functions depicted in Fig. A1.3). However, the y functions cannot be used directly as input to an
algorithm designed to solve Eq. (12) or (13) for A, B and C, because y (hemodynamic variable) is not the same thing as z (neural activity). It is
necessary to augment the neural-activity model with a mathematical model of neurovascular coupling.

2. As our neurovascular coupling model, we have used the following previously described system of coupled differential equatioins,3 which has
frequently been employed in DCM analyses of fMRI data. The form of the model for any brain region is:

d.
?jzz—/cs—;/(f—l),
@,
dt
14
%zl(f_vl/a)’ (14)
T
dg_11=0=E)" . g .
dt ¢ E, v '

The time-dependent variables in Eq. (14) are the vasodilatory signal s, associated with neural activity, blood flow f, blood volume v, and
deoxyhemoglobin content q. The parameters are the vasodilatory signal decay rate x, autoregulatory feedback rate constant y mean capillary
transit time 7, vessel stiffness exponent a, and the capillary resting net oxygen extraction Ey; the numerator term 1 — (1 — Ep)'/ is a convenient
approximation to the flow-dependent oxygen extraction.

In the current implementation of NIRS-DCM, the variable that the inverse-problem solver attempts to match to the experimental or

simulated data is the blood volume v. Therefore, the appropriate NIRS image-based parameter to use as input in total hemoglobin, which is
proportional to blood volume.
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nilab2 Installation

Beginning with the latest (May 2011) revision of the NAVI data analysis package, a separate
installation of nilab2 is no longer required. Instead, nilab2 comes bundled with NAVI, and its
files will be installed automatically when you install NAVI (see NAVI User’s Guide, Chapter 1:
Getting Started).

Starting nilab?2

Select ‘nilab’ from the drop-down menu in the Utilities of the primary NAVI GUI (lower-right
corner of the GUI), and press the Start button.

~lax
NIRx Medical Technologies, Copyright 2006-201 1 Exit |
Image Generator Data Viewer Data Analyzer
Load [[From Fie System = Load datalnfo ||From File System = [ Load datalnfo | |me File System = I
datalnto File (MAWI-Created) ﬂ
. . . Data Type Specification
Imager Type: INone [Please Chooze One) d Detector Time Series Viewer | ¥e ¢
Iw'rth weavelength dependence data d Ilmage leboxy d
Detector Preprocessing
Data Generation
Run | Set Parameters I Hemodynamic Image Viewer |
Get Dataset for Analysis
I~ Filter Data |Low Pass | |
I Normalize Data Data Processing Info Viewer |
Feature Extraction
Image Reconstruction Running Status: Set Parameters | IMuIti\-'ariate Analysis d
Run Set Parameters [Ty E———yT
= Reconstruct [mage &l pea =l

Data Export Utilities

Export Hhoxy Images to
AMALY ZE Format Start |
LI FEM Model Generator
Ravwe Data Editor

navisPh

K| K

This will launch the primary GUI of nilab2, shown in the next figure. (At this point you can, if
you wish, close the NAVI GUI without terminating nilab2. However, if the amount of RAM
available is not an issue, it may be more prudent to minimize NAVI but keep it open.)



nilab2 mE x|

file  FUMsl FUMsZ PLOT PostHoo HELP  @inketn ~
| mi.IMG [] ~
O] i IHeinge {1
ni.IMGlabel {01}
ni.dat []
ni.file []

ni.fileZsawve
ni.filedcst
ni. functions
ni.info
ni.mrk

ni.=sf

ni.systenm
[

clear

Primary GUI of nilab2. At startup, the ‘ni’ structure is empty

Primary GUI Functions
Here we explain the actions that can be performed by pressing each of the buttons that appear on
the left-hand side of the nilab2 GUI:

evalin.
clear L 22

evalin passes a ni-structure from the MATLAB workspace to the nilab2 GUI
evalout passes a ni-structure from the nilab2 GUI to the MATLAB workspace

clear deletes the contents of all the fields of the ni-structure. This is equivalent to restarting
nilab2.



The M button deletes all open figures (including NAVI GUIs, if there are any open) except
for nilab2 GUIs.

Pressing the button, after highlighting one of the fields of the loaded ni-structure, displays
the contents of the highlighted variable, in the black lower portion of the nilab2 main window.

The “ni’ data structure

1. It is a MATLAB structure array that contains the data collected during a measurement session,
the results from subsequent data-processing operations, and the values of user-specified
parameters supplied during all stages of processing and analysis stages.

2. The number of fields increases during the course of a data-analysis session.

Fields of an empty Ni-Struct
The naming syntax for all ‘ni’ fields is ‘ni.F’, where F =

IMG: matrix contains image layout, see below

IMGinfo: header of IMG

IMGlabel: optode label

dat: data [dimensions are (the number of measurement time frames) by
(the number of detector channels)]

file: path and filename data

file2save: path and filename data for saving

filedcst: path and filename of layout

functions: functions executed

info: info about executed functions

mrk: matrix containing the markers, see below

sf: sampling frequency (Hz)

system: used system/hardware

wl: wavelength (2 values, high and low)

Loading (demo) data

1. The nilab2 code has the ability to process measurement data collected using a number of
different imaging systems from different companies.

2. Accordingly, the need to reconcile a variety of different data-file formats arises.

3. The solution used by nilab2 is that it has import filters, which can convert the various imaging
systems’ file formats into a common single format that we call UNIFORMAT.

4. If you have not yet converted the demo data set to UNIFORMAT, then select ‘convert to
UNIFORMAT’ from the ‘file’ menu, as indicated in the following figure. (If the conversion had



already taken place, for example during a previous nilab2 session, then you would select ‘load
data (uniformat)’ instead.)

o2 . R

{8 FUMNs1 FUNs2 PLOT PostHoc HELP @intern EXTRAS plugins

load data {uniformat)

load constructionfile

save data

Convert to UNIFORMAT o

assign Channels E
as

export to navi

Exit

Ni1.sysTen
[ e

R T T P T e

clear ni-skruct

5. The pop-up window shown in the next figure opens:

<} u_uniformat

System

MIRECOUT

prefix

)
[ B -

For the demo data set provided, select ‘NIRSCOUT’ from the ‘system’ drop-down menu. (For
data collected using a DYNOT imager, you would select ‘NIREX’ from the same menu.



6. Press the “get file(s)’ button, then navigate to the ‘nilab2\data\Leftmotor’ folder, and select the
‘NIRS-2011-02-09_002_Left_config.txt file.

7. Press the ‘save to’ button to specify a location for the output file; the MATLAB current
directory is the default location. If you want, supply a prefix for the output file name in the
‘prefix’ text field. By default, the name of the output file will be the same as the one you
selected, except that the suffix will change from ‘.txt’ to “.mat’.

8. Press the ‘convert file(s)’ button to perform the data-format conversion. Note that the process
will “crash” if your data set has an empty .evt file. If you did not record anything in the .evt file
during the measurement, you can create a “dummy” by copying the first line from another
measurement’s .evt file into the .evt file for this one. Press the ‘close’ button when the file
conversion process is completed.

9. Select ‘load data (uniformat)’ from the ‘file’ menu, navigate to the folder containing the

*_config.mat file, then highlight and open it. The ni-struct fields will be updated as shown in the
following figure:

<) nilab2 ] [

file FUMsl FUMsZ PLOT PostHoo HELP  @inkern EXTRAS  plugins Y

.| el ING -
H ni. IMGinfo _I
ni. IMGlahel
ni. 5D 3
ni.colunncode 'colunn= (S*detector N)-detector N + D
ni. dat : [1440 128]1:single ;
ni.file 'CoZProgram Files\MATLABARZ007b\workhsre nawi 051821
ni. fileZzawve [1 -
ni.filedcst [1 -
ni. functions {'ni=u loaddataf{l . ni); % READ NIRSFILE' } ;

wonononon
fr e

ni.info : {[8 1]:cell} ;

ni. mrk : [11 Z]:s=ingle ;

ni.root 'CoA\Program Files\MATLABYRzO007b\workhsrc nawvi 051521
ni.st 2.47 ;

'NIRSCOUT'

ni.system H
850 7e0 ;

clear |jni_wl

** READ NIRSFILE: C:'ZProgram Files\MATLABYRZOO7bhworkhsreo nawi 05182011 phut




10. Press the ‘evalout’ button on the nilab2 GUI. Enter ‘ni’ at the MATLAB command prompt to
view the contents of the ni-structure. When you do you will see that the dataset contains the

following fields:
ni =

IMG:
IMNGinfo:
INGlabel:
dat:

info:

mrk:

=sf:

SyStem:

wl:

ab:
columneode :
root:

[1440x128 single]

file:
fileisave:
filedest:
functions:

[1x113 char]
[]

[]

{'ni=u logddata(l,nij; % REALD NIRSFILE'}
{8x1 cell}

[11xZ =ingle]

3.4700

'NIRSCOUT!

[850 7e0]

[8 8]

'column= [(S*%detector N)-detector N + D HE
[1x123 char]

What the fields in the structure tell you is:

ni.dat: The data comprises 1440 time frames and 128 channels, with columns 1-64
corresponding to the higher wavelength and columns 65-128 to the lower wavelength

ni.file: The name of the UNIFORMAT file, and its file path (to view the contents of the
ni.file field it may be necessary, as in this case, to enter ‘ni.file’ at the MATLAB

command prompt.)

ni.root: The name of the data file that was converted to UNIFORMAT, and its file path (to
view the contents of the ni.root field it may be necessary, as in this case, to enter ‘ni.root’
at the MATLAB command prompt.)

ni.functions: The function u_loaddata was applied with 2 inputs: 1 refers to open the GUI
while the second argument is the name of the structure (ni) that was processed through the
data-loading function. The output variable is again called ‘ni’, but now it contains the
loaded data, while previously it was empty.

ni.sf: The data sampling rate, or frequency, was 3.47 Hz
ni.wl: The measurement wavelengths were 850 nm and 750 nm
ni.SD: There were 8 source optodes and 8 detector optodes

ni.mrk: Information read in from the .evt file (this is the reason why that file can’t be
empty!). To view its contents, enter ‘ni.mrk’ at the MATLAB command prompt:



ans =

3=
203
347
456
625
Tad
903
104z
11581
1319
1455

N T e = = = = T S =T =

The first column refers to the time frames at which a marker occurred, while the numbers in
the second column denote to the marker type (there was only one marker type for this
experiment; the indicated time frames are the starting times for each data block in a
repeated-task paradigm). Thus ni.mrk contains “when” and “what” information on the
experimental design.

Load constructionfile

1. Select ‘load constructionfile’ from the ‘file’ menu, and navigate to the folder containing the
appropriate *configig*.m. (For the NIRScout demo data and the NAVI-bundled version of
nilab2, the path is ...\utilities\nilab2\imcon and the file name is ‘NIRSconfigifLeftMot.m’.) The
*configig*.m file contains the optode layout, which is applied to the measurement data that you
loaded in the previous set of steps. (You may subsequently load additional data sets collected
using the same optode layout, without having to repeat this ‘load constructionfile’ step.)

2. After you load the *configig*.m file, you will see that the ni structure array contains
information in several fields that previously were empty, as shown in the following figure:



<) nilab2 ] 3

file FUMsl FUMsz PLOT PostHoo HELP @inkern  EXTRAS  plugins u
g ni.ING : [48 El:double ; ;'
ni.IMGinfo = {'ChanMNr' 'wawvelength' 'BowlrTarget' 'ColMNrTargec'
ni.IMGlabel : {[48 1]:cell} ;
ni.SDh = 8 =
ni.columncode = 'column= (S*detector N)-detector N + D L
ni. dat : [1440 48]1:=single ;

ni.file
ni. filefZzave
ni. filedcst

'CoZProgram Files\MATLABARZ007b\workhsre nawi 051821
[1 :
'CoA\Program Files\MATLABYRzO007b\workhsrc nawvi 051521

ni. functions @ {[Z 1ll:cell} :
ni.info : {[% 1]l:cell} ;
ni. mrk : [11 Z]:s=ingle ;
ni.root = 'CihZProgram Files'WMATLABSREOO7bA\work'\src_nawvi 051521
ni.st = 3.47 ;
ni.system = 'NIRSCOUT' ;
clear ||ni._wl = 850 760 ;

** READ C truction-file: C: ogram File I orkisrc_nawi_ 05

In particular, the header for the layout matrix is in the IMGinfo field:
ni.IMGinfo: {'ChanNr' ‘wavelength’ 'RowNrTarget' 'ColNrTarget' 'ColNrData’ }

The contents of the layout matrix can be viewed by entering ‘ni.IMG’ at the MATLAB
command prompt (after clicking the ‘evalout’ button again):



Fr ni.ING

anzs =

1 1 1 Z

2 1 1 4

3 1 1 & 10
4 1 Z 1 17
] 1 Z 3 3
f 1 Z 5 Z6
7 1 Z 7 12
(=] 1 3 Z 19
1 Z 3 4 102
17 Z 5 f 110
15 Z & 1 117
i Z & 3 103
Z0 Z f 5 1Za
21 Z f 7 112
2z Z 7 Z 119
23 Z 7 4 127
Z4 Z 7 f 125

The matrix contains:

Column 1: 24 channels for the longer wavelength, followed by 24 channels for the shorter
wavelength

Column 2: wavelength index: 1 or 2

Column 3: layout-matrix row index

Column 4: layout-matrix column index

Column 5: columns of data that will be extracted from the raw-data files

Likewise, the labels assigned to the measurement channels can be viewed by entering
‘ni.IMGlabel’ at the MATLAB command-window prompt:



Fr ni.IMGlabel
ans =

11
1oz
oo
P
13
gz
2
.

'5-ad!
'a-ad!
'P-5d!
'5-7at
'g-ad!
'e-8d!
P=Tat
'g-7a!
'g-g8ad!'

The significance of the channel labels is clarified in the following cartoon,

@ source
¢ detector
/ channel

where it is seen that the notation ‘3-1" means “the channel comprising source 3 and detector 1,”
and ‘6-8’ means “the channel comprising source 6 and detector 8.”
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Interactive assignment of optode layout

If an appropriate *configig*.m file is not available for your data set, an alternative means of
specifying the channel locations is available. Use the following sequence of steps:

1. Select ‘assign Channels’ from the ‘file’ menu. This will launch the ‘u_chanlocs’ secondary
GUI shown in the following figure:

(o

DOUBLECLICK in & field to assion 5-0;
-edit & 5-0 [eg. 3-12] or EMPTY to remove field

2. From the ‘system’ drop-down menu, select the option that combines the correct imager type
and optode numbers (for the demo data set, the correct choice is ‘NIREX 8 8”). Specify the

correct dimensions in the “gridsize’ field (7x7 is correct for this data set') and press the ‘replot’
button, changing the appearance of the u_chanlocs grid to:

JRL=IE

DOUBLECLICK in & field to assion S-0;
-edit & 5-0 [eg. 3-12] or EMPTY ta remove field

—

! For a “checkerboard” optode array containing M rows and N columns of optodes, the channel grid will have 2M —
1 rows and. 2N — 1 columns In the example considered here, the 8 sources and 8 detectors are arranged in a 4x4

optode array; therefore, the dimensions of the channel grid are 7x7. For guidelines on how to specify a channel grid
for optode arrays that are not simple checkerboards, see the appendix to this chapter, starting on p. 63.

11



3. Enter Source-Detector combinations in the appropriate locations, by double-clicking on the
grid cells one at a time to enter or change their field entries. Each selected cell will change color
from white to yellow when you select it, and from yellow to orange after you enter the grid-cell
label. For the demo data set, the goal is to produce a pattern of channels that looks like the
pattern of “sticks” in the ball-and-stick cartoon on p. 10. The final result is:

) u_chanlocs

DOUBLECLICK in & field to assign S-0
-edit & 5-0 [eg. 3-12] or EMPTY to remove field

4. Press the ‘save config’ button to save the specified optode layout as a *configig*.m file. A
navigator window will pop up, which you can use to specify a name and location for the file.

Plot data layout

1. Select Layout from the PLOT menu. This action will open the small GUI in the following

figure.
o

Select any options you may want for the data-trace plots (there are default settings, so it is not
necessary to check any of the boxes) and press the ‘plot’ button. A figure window will open,
showing you the optode-layout grid with the channels labeled:

12
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2. Moving the mouse cursor over any of the red squares in the preceding figure causes a second
plot window to open (first time you select a grid cell) or be updated (second and subsequent
times), containing plots of the data for the selected channel, for both measurement wavelengths:
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3. Changing the options selected in the small GUI modifies the quantities plotted on one or both

axes
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Define stimulation time

Select ‘Set Parameter’ from the ‘FUNsl1’ menu. A pop-up window opens, that you use to
indicate the physical duration of each stimulus episode. Enter the correct value (20 s, for the
example in the demo data set) in the ‘Stimulusduration [sec]’ field and press the ‘ok’ button.

il

i

1. Select ‘Marker’ from the ‘FUNs1’ menu. The event markers from the experiment-specific .evt
file are read, and the experimental conditions are separated according to their digital trigger-code
values. In cases where more than one marker type is present, you may be interested in only some
of them for a particular analysis. (For the demo data set, however, there is only one marker type,
as the experiment involved a single condition that was alternately present and absent.)

2. In the ‘accepted markers’ field, indicate which marker types you are interested in, and click on
‘ok’.
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Manual artifact correction

1. If your data contains features that have a high likelihood of being artifacts, such as the high,
narrow “spikes” in the data channel shown in the next figure, then you can use the artifact

) Figuet0z A =] .
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N e
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correction tool of nilab2 to “flatten” them (i.e., to replace the original data values with a linear
interpolation between the data values on either side of the artifact).

2. Select “artefact’® from the ‘Plot’ menu. This will launch the GUI depicted in the following
figure:

2 This is not a typo; it’s the British spelling of “artifact’ ©
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3. Remove the check mark from the ‘t-all” check-box. After this, by changing the number in the
‘wind [dp]’ (i.e., the size of the viewing window, in units of data points) text field and using the
scroll bar under the text field, you will be able to zoom in on the artifact(s) you wish to remove.
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4. Press the ‘selection’ button (it will turn red when you do). Then place the mouse cursor on the
data time series, and a set of crosshairs will appear. Place the vertical hairline at the first data
point you want to remove, and press the primary mouse button. Repeat the process for the last
data point in the artifact. The interval between the two time values that you selected will become

highlighted as shown in the following figure.
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5. Repeat the preceding operation for any other artifacts that you want to remove. When you are
finished, press the ‘selection’ button again, to turn off the hairline marker. Then press the

‘flatten’ button to implement the linear interpolation process:
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The effect on the time series plotted on p. 15 is:
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6. Press the ‘accept’ button (lower-right corner of the GUI) if you to continue to use the
corrected time series for the remainder of the session. Press ‘cancel’ to close the GUI without
accepting the changes.

Low-pass filtering

Whereas a data set will ordinarily contain a relatively small number of discrete artifacts, high-
frequency noise may be present throughout the time series. Also, a set of channel time series may
contain features that are not artifacts, but are not relevant for the analysis you want to perform.
This class of features includes respiratory and cardiac fluctuations. Notably, the typical
frequencies of the rhythms (0.2-0.33 Hz for respiration, 1-1.5 Hz for the heartbeat), and of noise,
are substantially higher than the frequency band of most experimental paradigms. Therefore,
low-pass filtering can be used to remove them from the data, without appreciably distorting the
paradigm-related aspects.

Use the following sequence of steps to low-pass filter data with nilab2:

1. Select ‘LowPass Filter’ from the ‘FUNs1’ menu. The pop-up window shown below will open:

(6]

LowPassFilter

high cutoff frequency I 0.4 -
fitter-arder I 3

pEwn B
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2. If you know the cut-off frequency that you want to use, simply enter it in the ‘high cutoff
frequency’ field. Alternatively, if you are not certain what frequency cutoff you should specify,
then press the ‘select manually’ button to graphically choose the cutoff frequency and preview
the effect of applying the filter. This will open a figure window containing plots of the data
power spectrum, averaged over all channels, at both wavelengths.

-ioix]
k]

File Edit Yiew Insert Tools Desktop “Window Help

W EINEEY E R EEE

]

10

——— WL1(e.g 830nm) ]
— WL 2(e.g. 7E0nm) (]

Power spectrum

10' 1 1 1
] 0z 0.4 06 0.a 1

frequency/Hz

3. Use the mouse to select a cut-off frequency. When you press the primary mouse button, you
will see the effect of the low-pass filter on the power spectrum):
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Note also that the cutoff frequency you choose is displayed at the top of the figure, and i

automatically copied into the ‘high cutoff frequency’ field:

upopnter TP

0.30258

An additional effect of choosing a cutoff frequency is that it will open another figure window,
containing overlaid plots of all the data time series. The original, unfiltered data are plotted in

blue, while the low-pass filtered data are colored red.
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4. If you want to try a different cutoff frequency, or to explore the effect of changing the filter
order (the larger you make it, the sharper the cutoff becomes) press the ‘select manually’ button
again. The second figure window (data time series) will automatically close, and the first one
(average power spectrum) will be restored to its original appearance. Repeat Step 3 as many
times as you like, and press the ‘ok’ button when you are satisfied with your selections.

5. You can repeat the ‘PLOT — Layout’ operation described above (pp. 12-14), in order to see
the effect of filtering on data for individual channels. (Likewise for any other pre-processing
operation.)
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High-pass filtering

The light-intensity values recorded in a given channel may slowly change over time, for reasons
unrelated to the experimental protocol (e.g., changes in posture or in subject stress/relaxation
level) or to phenomena that are associated with the experimental protocol but are not relevant for
the analysis you want to perform (e.g., blood volume shifts in response to repeatitive task
performance). These slow changes are called “drifts” or “trends,” and may affect your ability to
discern smaller-magnitude changes in associated with the experimental paradigm. Drifts can be
mathematically modeled as fragments of long-period sinusoidal fluctuations having frequencies
substantially lower than the frequency band of most experimental paradigms. Therefore, high-
pass filtering can be used to remove them from the data, without appreciably distorting the
paradigm-related aspects.

Use the following sequence of steps to low-pass filter data with nilab2:

1. Select ‘HighPass Filter’ from the ‘FUNs1’ menu. The pop-up window shown below will open:

i

Highpassfiltler

lowwCutoff [zec] I G4

e oo

2. In the ‘lowCutoff [sec]’ field, specify the cutoff period for the high-pass filter. For example, in
the preceding figure, a 64-second cutoff has been specified. This means that all oscillations with
periods > 64 seconds (i.e., frequencies lower than 1/64 s™* ~ 0.016 Hz) will be suppressed.
Pressing the ‘ok’ button will start the high-pass filter computation.

Note that, in addition to the ‘FUNs1 — HighPass Filter’ function, data can be de-trended
at a later data processing step, in the popup window for GLM analysis (p. 31). Therefore, here
we will not high-pass filter the demo data set at this point, but instead will press the ‘cancel’
button to close the popup window without implementing the filter.

Apply modified Beer-Lambert la

The measurement data for each wavelength contains information about both isoforms of
hemoglobin: oxygenated (oxy-Hb) and deoxygenated (deoxy-Hb). nilab2 uses the Beer-Lambert
law to estimate the average concentrations of oxy-Hb and deoxy-Hb in the portion of tissue that
each channel “sees.”
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1. Select ‘BeerLambert’ from the ‘FUNs1’ menu. The pop-up window shown in the next window
opens:

M1 B. Gratzer =

2. The items in the ‘select from spectrum’ drop-down menu are different experimentally
measured hemoglobin absorption spectra. When you select one from the menu (even if you want
to use the default ‘W.B. Gratzer’ spectrum, you still must click on it), a figure window
containing plots of the spectra will open. For example:

u_poplLBG

E

3 j % L =1l
[4] alder epsylon of 1SS

[5] alder epsylon of IMAG

[6] ather
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The molar extinction coefficients for your spectrum selection, at both measurement wavelengths
(nilab2 takes these automatically from the ni-structure) are shown in the red (oxy-Hb) and blue
(deoxy-Hb) boxes:

SIS

The numbers in the ‘DPF’ fields (differential pathlength factor) are used to account for the
optical pathlength-lengthening effect of tissue light scattering. The experimental data that were
used to generate the DPF values can be viewed by pressing the ‘show DPF’ button.

3. The “all’ default value in the ‘N first Datapoints for baseline’ field is not always the most
appropriate choice. In a typical experimental protocol, there is an initial “rest” time interval that
precedes the first stimulus or task epoch, and this constitutes a natural baseline period. For the
demo data set the first task epoch began at the 69™ time frame (p. 7). Thus we use N = 60:
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[3] 5. Takatani and M. . Graham -

4. Press the ‘ok’ button to start the computation. The pop-up window will close automatically
when the computation is finished. Use ‘PLOT — Layout’ to view the result:
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Cut the session

This operation is used to remove data time frames collected before the start or after the end of the
true experimental protocol. If these epochs are lengthy and are not removed, they may have an
undesired influence on subsequent GLM computation results. If you want to delete data frames
from the beginning or end of the time series, use the following steps:

1. Select ‘Cut Session’ from the ‘FUNSs1’ menu. This will open the following pop-up window:
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2. Click on ‘plot marker’ to produce plots that will assist in choosing the starting and ending time
frames of the data segments that will be retained for subsequent analysis:

RIF
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The upper plot shows the marker time frames throughout the measurement session (gray vertical
lines) and the time course of the first data channel (red curve). The lower 2 plots show expanded
views of the initial and final segments of the data time series.® It can be seen that the experiment
started almost immediately after the recording session began, and that it ended immediately after
the experiment was completed. Therefore, in this case we will not remove any data from the end
of the session. However, we will remove a small number from the starting segment, in order to
illustrate the use of the ‘cut session’ function while still retaining a baseline segment.

® If the expanded views appear superfluous in this example, that is because the demo data set contains only 1440
time frames. Your experimental time series may be many times longer.
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3. In accordance with the preceding considerations, enter ‘[50 nan]’ in the ‘2 values
(DATAPOINTS)’ field of the ‘cut session’ pop-up window, as shown in the next figure. Thus we
will keep 50 frames prior to the first marker (equivalently, we are cutting off the initial 18
frames, since initially there were 68 time frames preceding the first marker), but cut none after
the last marker.

) upopcatsession e Y

STIMULUSduration: #dp --> >20s

I 1elp I

4. Press the ok’ button to implement the procedure.

Remove pauses/rests within the session

A long measurement session may include rest periods between successive stimulus or task
blocks, to prevent fatigue. Or there may be parts of the session that are especially artifact-rich, or
that you want to exclude from your data analysis for some other reason. Then you would want to
remove blocks of data frames corresponding to these intervals, so that they cannot influence the
results of subsequent GLM computations. To delete data frames from an interior portion of the
time series, use the following steps:

1. Select ‘Delete Pauses’ from the ‘FUNs1’ menu. This will open the following pop-up window:

)y delerepauses =T Y

2. Click on ‘plot marker’. The following figure window will open:
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The upper plot shows the temporal difference between adjacent markers. We see that there is no
variation in the inter-marker intervals (and, again, that there is only one experimental condition,
which is alternately present and absent). Therefore, we will not remove any interior segments
from this data set. However, for data set that does contain rest intervals the subsequent steps will
be:

3. Enter a number (default value is 30 s) in the ‘min time to be defined as a pause [sec]’ field of
the ‘delete pauses’ pop-up window (p. 27), in order to indicate that marker pairs with an interval
of at least 30 s (or the number that you specify, if you replace the default value) are pauses. That
is, the procedure is based on the assumption that the “nuisance” time intervals are longer than
the true experimental epochs. Note also that every inter-marker segment longer than the
threshold value you specify here will be affected.

4. Enter a pair of numbers (default values are 1 s and 1 s) in the ‘SECONDS after block and
before next block to keep’ field of the ‘delete pauses’ pop-up window. This means that the
deleted segment will begin 1 second (or the first number that you specify, if you replace the
default value) after the start of the long inter-marker time segment, and it will end 1 second (or
the second number that you specify, if you replace the default value) before the end of the long
inter-marker time segment.

5. Press the ‘ok’ button in the ‘delete pause’ pop-up window to start the procedure. After the
long inter-marker intervals are removed, nilab2 joins the pairs of “free ends” together using an
annealing procedure. Check the ‘show results’ check-box in the ‘delete pause’ pop-up window to
open a figure window, which will contain plots of the data time series before and after the
removal procedure.
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Calculate contrasts

Prior to carrying out GLM analysis, it is necessary to define one or more analysis hypotheses.
These take the form of contrasts, or linear combinations of responses to experimental conditions
(e.g., difference between [Condition-1 oxy-Hb] and [Condition-2 oxy-Hb]) that you think may
be statistically significant.

1. Select ‘Contrast’ from the ‘FUNS2’ menu:

u_popconktrast

If you want to modify the previously specified stimulus durations (p. 14), enter your changes in
the ‘stimdur [x-y]’ field.

2. Press the ‘ALLvsALL’ button to generate an omnibus contrast that you can use to test the
(null) hypothesis that all of the conditions produce equivalent responses. Press the ‘ALLvsRest’
button to generate an omnibus contrast that you can use to test the (null) hypothesis that none of
the experimental conditions produce responses different from the resting condition.
(‘ALLvsALL’ and ‘ALLvsRest’ are equivalent for the demo data set, since there is only one
experimental condition, which is alternately present and absent.) For other contrasts, press the
‘Specify’ button and enter the contrast definition in the resulting text field:
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u_popconktrask

The correct syntax for entering a contrast is shown in the example suggested by nilab2: ‘[1 2 3 4
vs 56 vs 8]’.

3. Press the “ok’ button to generate the contrast. A figure window will open, containing a plot
that corresponds to the contrast that you defined, which in our case is:
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This procedure is used to estimate how closely each data time series resembles the time course of
the experimental conditions. In another words, it evaluates the degree to which knowledge of the
experimental conditions allows one to predict each data time series.

1. Select ‘GLM’ from the ‘FUNs2’ menu. This will launch the following GUI:
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2. Select a HRF (hemodynamic response function) type from the ‘HRF Type’ drop-down menu
(the ‘my’ type is under construction at this time). This mathematical function is used to account
for the time lag between a change in experimental condition and the resulting change in the
hemodynamic variables. Press the ‘plot HRF’ button to produce a graph of the function you have
selected. If you want, replace the default value of the ‘HRF parameter’ (in the case of ‘spm_hrf’
you may change any or all), and press ‘plot HRF’ again to see the effect:

time-to-peak = 5 s (default) time-to-peak = 6 s time-to-peak = 4 s
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3. In the ‘stimulation cycle or highpass filter [sec]’ field, specify the cutoff period for the GLM-
implemented high-pass filter. The value you specify should be at least 2 times the inter-stimulus
interval (for the demo data set, the inter-stimulus interval is 40 seconds). Thus we replace the
default value (30) with 80, so that all oscillations with periods > 80 seconds will be suppressed.

4. The numbers in the ‘range for timecourses [sec]’ field are the starting and ending times, with
respect to the onset of each change in experimental condition, of the data interval that the GLM
procedure takes into consideration; data points outside this interval are ignored. For the demo
data set, we will set the limits to ‘-5 35°.
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5. If you check the ‘yes’ box for ‘modelbased timecourse’, then the GLM computation will
isolate responses to different conditions before creating block averages (i.e., removes overlaps
between conditions from the block averages; this is not important for the one-condition data set
we consider here, but is important for analysis of multi-condition experiments).

6. All other fields and options in the GLM GUI are under construction at this time. Press the ‘ok’
button to start the computation. This creates several new fields in the ni-structure. One of these is
‘ni.GLM’, whose contents are:

=» ni.GLM
ans =

oo [1x45 double]
twval: [1lx45 single]
av: [138x45 double]
war [138x43 double]
£: [1358x1 double]
Lracelims: [-5 35]

Here, ‘cC’ = concentration changes, ‘tval’ = t-values, ‘av’ = average time courses, ‘va’ = variance
weighted time-courses, ‘t’ = time-vector, and ‘tracelims’ = time limits in seconds.

Plot traces and t-values

1. Select ‘t-values and traces’ from the ‘PLOT’ menu. This opens two secondary GUISs:

HIRS-2011-02-09 002 Left config

—

. I:lll-l-

and
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The plotted quantity is a statistical parameter (t-statistic) produced by the GLM procedure. The

larger the (absolute value of) the T-value, the more strongly predictive the experimental time
course is of the data time series.

3. Press the ‘plot Conc change’ button in the ‘u_tvalues” GUI, to produce:
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) Figure 2: [NIRS-2011-02-09_002_Left_config]
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which is a plot of the average (Condition present)-minus-(Condition absent) difference in oxy-hb
(red) and deoxy-Hb (blue) concentration, for each channel. You may obtain an enlarged view of
the plot for a particular channel, by placing the mouse cursor over it and clicking. For example:
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4. In the ‘u_plotgui’ GUI, select ‘AVG’ in the ‘Select Data’ module. Then press the ‘Plot’
button, to produce plots of the block-averaged oxy-Hb and deoxy-Hb time series, as shown in the

following figure:
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) Figure 1: [NIRS-2011-02-09_002_Left_config]-—-A¥G,condl - |EI|5|
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Notice that every plot in the montage has a different range on the y-axis; that is because the
default display mode is ‘indiv. y-limits’ (u_plotgui GUI). Press the ‘parent y-limits’ button in the
u_plotgui GUI to enforce a uniform y-axis range on all the channels:
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You may obtain an enlarged view of the plot for a particular channel, by placing the
mouse cursor over it and clicking. For example:
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The preceding figure window has a row of icons across the top, one of which looks like: D:l :
Place the mouse cursor on that icon, and click to open the following window:

=
< | ~

#3

- [oxy-Hb] AVG,cond1

[deoxy-Hb] AVG,cond1

lingwidth
linewidth=0_5 &
labelorder=1l & 3 -
awrlbsmwad— dowdar [Ted D110 24 SQC1Y — TodA
Kl | »

You can use the preceding window to do the following:

— Click on gray boxes to show/hide the corresponding traces
— Click on colored boxes to change color of the traces

— Click on labels, to change the label text

— Change the line width

Select ‘save data’ from the ‘file’ menu. This saves the ni-structure, including all of the parameter
values that were specified, and with the results of the functions (e.g., frequency filtering,
hemoglobin computation) that were applied. A default output file name is supplied, but you are
free to change this in any way that you would like.
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<} nilab2 =1olx]
file FlUMsl FUMs2 PLOT PostHoo HELP  @inkerm  EXTRAS  plugins "
lnad daka {uniformat) searchBANGE = -z 2 ; :I
__lnad constructionfile RS Z éaz'_ 2k v
save data | o = ;

Convert bo UNIFORMAT

assign Channels

export to navi ine

Exit

i

I LD
ni.LBodistance
ni.SD
ni.colunncodes
ni.dat

ni.file
ni.fileZsave
ni. filedost
ni. functions
ni._info

ni._mrk

ni. mrk Newvents
ni. mrk ewents
ni.mrk renamed
ni.root

ni.=st
ni.=systen
ni.tracelims
ni.wl

Kl

clear

'boynton' [
[48 5]:double -

{'Chanllr' 'wavelength' 'BowNrTarget' 'Coll
{048 1]:ecell} -

‘e’

5. 98 715 ;

[2 Z]-double ;

1

2.5 ;

s 2 ;

'column= {(S*detector HN)-detector N + D

[14Z]1 42]:=single -

'N:%\Ehared FoldersiTong Fuirelease 030120
[1 :

'H:hEhared FoldershTong Xmhrelease 050120
{[2 1]l:cell} :
{[16 1]:cell}
[11 Z2]:double
11 ;

1

-
-

'C:h\Program FilesinilabZhdataLeftMotor N
3.47 ;
'NIRSCOUT' -
-5 3E ;

850 7e0 ;

ey

performed GLM

-
-]
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Save i Ilf}LeftMDtnr j - ¥ B3~

EEMIRS-2011-02-09_002_Left_config:
MIRS-2011-02-09_002_Left_datalnfo

by Documents

Ef[ Default output

tdy Computer i
“Analyzed” file name

- E; /
ark. File narne: ana.‘L\lIHS-Em'I-DE-DE_EIEIE_LEFt_::anig.mai'! - Save I
Save az type: IM,&.MES [*.mat) / j Cancel |
g

!

Input data-file name

Multi-Session or Multi-Subject Data Sets

Research designs frequently involve performing measurements on multiple subjects (and there
may be more than one recording session per subject), while applying the same experimental
protocol each time. Two features are included in nilab2 to facilitate processing of the data sets
produced in this type of study:

1. After you process one data set from the study, you can create a MATLAB script that
contains all of the parameter values (e.g., stimulus durations, leading and trailing time
frames to cut, contrast definitions) that you specified. You can run this script to process
the remaining data sets without having to re-enter the parameters each time. During
each run, you will be given the option of adjusting parameter values, to accommodate
inter-session variations (e.g., the number of leading or trailing time frames is not the
same for every measurement session) in the experimental protocol.
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2: A level-2, or group-level, data analysis capability is provided, which allows you to
evaluate the consistent or variability of experimental results across sessions or across
subjects.

For training purposes, we include with nilab2 a sample of data from multi-subject study.
During the measurement sessions, the subjects alternately performed finger-tapping with their
left and right hands, in a left-rest-right-left-... sequence. Measurements were taken using a
NIRScout imager with 16 sources and 16 detectors, which were arranged as shown in the
following cartoon. The raw data files are located in the ‘nilab2\data\GroupLevel’ folder, where
you will find two sub-folders named ‘Subject]’ and ‘Subject2’.

A channel grid that corresponds to the depicted optode array, obtained by using the method given
in the appendix, is shown in the following screenshot. The associate *configig*.m file, called
‘NIRSconfigigGroupLevel.m’, is located in the ‘nilab2\imcon’ folder.
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Use the following sequence of steps to carry out multi-subject data processing:
1. Convert all subjects’ raw data files to UNIFORMAT (pp. 3-5 above).
2. Select one subject, and process that subject’s data in the manner explained above (pp. 5-32).
Here, we select the data in the Subjectl folder. The particular operations and parameter settings
that we use are:

— stimulus duration = 10 s (p. 14)

— both markers (default names are ‘3’ and ‘15°, based on the NIRScout trigger channels
used by the group that performed the measurements) accepted (pp. 14-15)
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— low-pass filtering, with filter order = 3 and high cutoff frequency = 0.21671 Hz (the
‘select manually’ option was used, to exclude the cardiac and respiratory frequency
bands) (pp. 18-21):

We use the mouse to select the frequency
corresponding to this local minimum as the
cutoff.

=o]x]

Eil

SEEEIREEEY N INEEE

Edit Wiew Insert Tools Deskiop Window / Help

—— Wil1(e.g §30nm)
— WL2{e.g. 7B0nm; |]

Power spectrum

10' L= 1 I
0 0.2 0.4 0.6 0.8 1

frequency/Hz

— high-pass filtering, with a cutoff of 64 s (p. 22)

— cut the session, keeping 18 time frames before the first marker and 52 after the last
marker (pp. 25-27)

— estimate hemoglobin concentration estimation, with inter-optode distance = 3 cm, W. B.
Gratzer spectra, and all other parameters left at their default settings (pp. 22-25)

— define contrast, selecting ALLVSALL and including both markers (these are the default
settings) (pp. 29-30)

— GLM, selecting spm_hrf as the HRF type, 64 s as the high-pass filter cutoff, and ‘-5 25’
as the range for time courses (pp. 30-32).

The result after these processing steps is:
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That is, finger-tapping with each hand has the expected spatially localized effect, with the left
hand primarily affecting the right side of the head, and vice versa. On each side of the head, there
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are statistically significant differences between the hemodynamic effect of left-hand and right-
hand tapping.

3. Save the selected subject’s ni-structure (pp. 37-39). Eventually (see Step 7, below), it will be
necessary for you to place the saved ni-structures for all subjects into a single folder. For this
example, we will save them into the ‘...nilab2\data\GroupLevel’ folder.

4. Select ‘Generate Script” from the ‘PostHoc” menu. This action will launch a popup window
having the tile ‘set gui/window pop up’. Highlight the ‘open [default]’ option, and press the
‘OK’ button at the bottom of the window.

<} nilab2
file FUMsl FUMNsZ PLOT | PostHoc HELP @intern EXTRAS  plugins

- IGenerate ScriplzlI [20428 2]1:double ;
g n:?._CDNmode _Masﬁwﬂ ml'allw=all' —

ni. CON=spe: L
ni.CONstit  Grandaverage 10
ni. C0ONstic 1 ;
ni. Cut = 18 Ez ;
ni. FLThp = &4 ;
ni.FLT1lp = 0.21671 ;
ni.FLTorder =3 :
ni. GLM scruct (6 1)
ni. GLM FlteoorrCHE =0 ;
ni. GLM FlteorrTRESH = 0.18 ;
ni.GLM keepsingletraces = 0 ;
ni. LM modelbasedbraces = 1 ;
ni.GLM peaksearchCHE =0 ;

clear ||ni. GLM peaksearchFUN =0 ;:
ni.GLM peaksearchPANGE = -2 Z ;
ni. GLMcovariates = {-2 Z} :
ni. GLMflthp = 64 ; —
ni. HEFparam = 5 15 1 1 Z000 u] 30 ;
ni.HHRFtype = 'spm hrf' ;
ni.IM= [10Z E]:double
ni. IMGinfo = {'ChanlNr' ‘'wavelength' 'BowNrTarget' 'Coll
ni. IMGlakel {0102 1l:cell}
ni.LEbaseline = 'all' ;
ni. LEdp £ = 5._98 7.15 ;
ni. LEBep=ilon [Z2 Z2]:doukle ;
1ni. LEmode =1 ;
ni.LEBodistance = 3 ;
ni. 3D = 1l Z24 ; e
B | ,

%

SAVE nirs

data as:

N:%Ehared Folders'Tong

Fo navi DEDI’

Huhrelease 090120120
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-loix]

set gui'window pop up

close -
open [default] 3

= s e . o -

[
I K |I ﬁl

A MATLAB script will be generated, and a MATLAB editor window containing the script will
automatically open. Note that the default name for the script is ‘temporary auto.m’, and the
default location is the ...\nilab2\essence’ folder. Save the file with a name, and in a location, of
your choice. Here, we save it in the °..\nilab2\data\GroupLevel’ folder, with the name
‘TwoSubjectTwoHandFingerTap.m’ [but you are free to pick either a different location or a
different (shorter) name]:

' Editor - N:\Shared_Folders' Yong_Xu'release_09012012%src_navi_09012012 phutilitiestnilabZ' essence’ temp ;lglﬂ
File Edit Text Go Cel Tools Debug Deskbop ‘window Help ——— == L | A X
NAHfRR9 ¢ |o|(Aedi b -0 880 B s ] sul=pc)E]
S(BBB| -0+ =i x| O,
1 % = = == == ,D
2 ====== AUTOMATIC CCONFIGFILE ======= ™
3 % = = == ==
4
5
6 — ni=[]: o lear struct
7
g
9 % = = == == [CONTRAZT]
10 — ni.CONmode=["'allvsall']:
il |= ni.CcONspecific="'";
13 |= ni.CONstimdur=[10]; e
13 — ni.CONstimjit=[1];
14 % = = == == [cut 3E3IIICN begin and End]
15 — ni.cut=[18 52];
16 % = = == == [FILTEE]
17 — ni.FLThp=[64] :
18 — ni.FLTlp=[0.21671]:
19 — ni.FLTorder=[3]:
20 £ = = == == [General Linear Model]
Zl|= ni.GLY FlteorrCHE=[0] :
e [ = ni.GLM FltcorrTRESH=[0.18];
23 — ni.GLY keepsingletraces=[0]:
24 — ni.GLY mwodelbasedtraces=[1];
25 — ni.GLY peaksearchCHE=[0]:
268 — ni.GLY peaksearchFUN=[0]:
27 — ni.GLY peaksearchRANGE=[-2 Z]:
28 — ni.GLUcovariates={}; -
| R | _>lJ
scripk Ln 1 Col 1 WA

!
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B Editor - N:\Shared_Folders', Yong_Xu'release_09012012'src_navi_09012012_p'utilities' nilab2', e ssence’ tempory Sukaim i ] B
File Edit Text Go Cel Tools Debug Deskbop ‘window Help A | A X
New ’$|ﬁﬁ*ﬁl|iﬂ'@@@@@T@|Stack:|8asej HOHSO
Open... Chr+O
= L o
- |1.1 X
Open Selection Chrl+D | B | “
-D
Clase Editor == == =
Clase, .. MNFIGFILE =======
Close tempory_auto.m Chrl+ == ==
S Chrl+5 .
—-— — 1
I Sawve 4s... FCrUCT =
=l
Publish Ta HTML =
Publish To » == == [CONTRLST] -
1'] =

!

Save in: LE} GrouplLevel I j o EF Fa-

g 3

| x5ubject]
| )5ubieckz

e e e e e =

File narme: ITWDSubiec:tTwnhandFingerTap.ml j Save I
Save az type: IM-fiIes [*.m] vl Cancel |
i

5. In the MATLAB main user interface, navigate to the folder containing the script generated in
the preceding step. Run the script once for each study session/subject after than the one selected
for use in Step 2 above. The complete sequence of processing steps will be executed; in each
one, the relevant popup windows will open to give you the opportunity to modify (where
appropriate) the parameter values that you selected for the first subject.
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a. Enter name of the script file at the MATLAB prompt:

J MATLAB 7.5.0 (R2007b)

File Edit Debug Desktop Window Help

D B | * ‘ @ 9 |h ﬁ @ |@' | Current: Diractury:IN:\,Shared_FUIdErs'l,YUng_Xu'l,rEIease_DQD12012\src_naw_0901201ZJJ\,utiIities'l,niIabZ\data'\GrUupLevel

Shortcuts [2] How to Add  [#] What's Mew

Current Directory | Workspace

= I | B | B - Stack:l Base vl (@ Mews ta MATLAB? Watch this Yideo, see Demos, or read Getting Started.
Mame £ ISize IBytes ICIass

b. Select the UNIFORMAT data file for the second study subject:

Select File to Open

Loak in: IE} GroupLevel

=

| | >» TwoSubjectTwohandFinger Tap

+ [ £F E-

2| x|

|)5ubject1
L) subjectz
ana_MIR3-2012-07-16_011_config
WIRS-2012-07-16_011_config

File: name:

Files of type:

INIHS-2D1 2-07-17_002_config.mat

[ MAT filess [ mat)

I
=

Open

Cancel |
F
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c. Select the configuration file:

Select File to Open 2]
Look in: Iﬁ imcon | = i

| 155kanfig_IMAEXP.m

D MIRSconfigig.m

| MIRScanfigig_ISS_steffitest.m
. MIRSconfigig@rouplevel m
| MIRScanfigigleftMat.m

File name: INIHSconfigigGroupLevel.m j Oper I
Files of type: IM-fiIes [*.m] j Cancel |
P

d. Set the stimulus duration (the MATLAB script retains the value we selected for the first
study subject):

u_popparams
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e. Select the markers for the experimental conditions of interest (the MATLAB script
retains what we selected for the first study subject):

u_popmarker

f. Select the cutoff frequency and filter order for the low-pass filter (the MATLAB script
retains the values we selected for the first study subject):

u_puopfilter

0.21671
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g. Select the cutoff for the high-pass filter (the MATLAB script retains the value we
selected for the first study subject):

u_pophpass

h. Select the numbers of time frames to keep prior to the first marker and after the final
marker (the MATLAB script retains the numbers we selected for the first study subject):

u_popcutsession

STIMULUSduration: 36dp --> ~10s
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I. Specify parameters for hemoglobin concentration computation (the MATLAB script
retains what we selected for the first study subject):

u_poplLBG

J. Define contrast for GLM (the MATLAB script retains what we selected for the first
study subject):

u_popcontrast

The resulting model function is displayed in a popup window:
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Insert Tools Desktop Window Help

I nleade e 085O0

POSTHOC-test: marker and stimblock
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k. Specify parameters for GLM computation (the MATLAB script retains the value we
selected for the first study subject):

u_popGLM !lil
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Select a folder and specify a file name for the processed data file. The default folder and
file name are the same as those that we specified for the first study subject. We want the
second subject’s results to go in the same folder (see Step 7, below), but we do not want
to overwrite the previous data file! Change the name to one that indicates that these are
the second subject’s results. A convenient way of doing this is:

Save ir: I&) GroupLevel j - rj( Ead-
) Subjectl
) Subject2

(52 ana_MNIRS-2012-07-16_011_config
gz| NIRS-2012-07-16_011_config

MIRS-2012-07-17_002 _config
Desktop Default |S
‘ the name
My Documents al ready E,Ised
. for the first
EI subject’s
Iy Compuiter -
File: narne: ana MIRS-2012-07 j Save I
Save as type: IMAT-fiIes [".mat) j Cancel /l
i
Save in: I | GroupLevel j = ¥ E3-

) Subjectl
L) Subject2
55| ana_NIRS-2012-07-16_011_config

MIRS-2012-07-16_011_canfig
Il nrs-2012-07-17_002_config
Deskt Select the name
Jesklop
of the second
‘ subject’s
My Documents U N I F O R M AT
™ file
o &
My Computer
File name: INI RS5-2012-07-17_002_config.mat j Save I
Save as type: IMAT-files [".rnat) j Cancel /l
7

!
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select File to Write 2lx]

Save it IE} GroupLevel j - lcjg B~

7) Subject1

5) Subject?

52| ana_MIRS-2012-07-16_011_caonfig
B NIRS-2012-07-16_011_config
MIRS-2012-07-17_002_canfig

Desktop

Add a prefix, to
. indicated that
I~ this file contains

the results of a
: Er[ data analysis
Wy Computer

File name: ana_MIRS-2012-07-17_002_config. mat j Save I
Save az type: IMAT-files [F.rnat) j Cancel |
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m. A message indicating successful execution of the script will appear in the MATLAB user

interface. If there were additional study subjects, you would repeat Step 5 for each
remaining one.
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6. To view the results of the processing steps carried out for Subject2, do one of the following:

— If there is a ni-structure resident in the MATLAB memory (i.e., this will be the one most
recently computed in the current MATLAB session), press the ‘evalin’ button on the

nilab2 GUI. The latest ni-structure computed in Step 5 will be loaded into nilab2.
Alternatively:

— Select ‘load data (uniformat’) from the ‘file’ menu. Select one of the files containing
processed data (in this example, one of the files with a ‘ana ’ prefix). It is not necessary

to load the configuration file, because this information is contained in the imported ni-
structure.
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mi. Cut =18 5Z ;
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mi.FLTorder = B
ni. GLM : struet (6 1) ;
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i GLM keepsingletraces = 0 ;
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mi.LEepsilon (2 2l:double ;
mi.LEnode =1 ;
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Select ‘t-values and traces’ from the ‘PLOT’ menu (pp. 32-37) to view the results of the analysis
carried out on the data for Subject2. It is seen that the result is similar to that obtained for
Subjectl (p. 43), demonstrating inter-subject consistency:
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7. To perform level-2 data analysis, select the ‘Grandaverage’ item from the ‘PostHoc’ menu.
This will open the popup window shown in the next figure:
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Press the ‘path’ button in the popup window, to open a file browser as shown in the next figure.
Navigate to the folder containing the processed data files for all subjects, and then press ‘OK’:
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Press the ‘select pbn’ button in the popup window, to open a window for choosing files from the
selected folder, as shown in the next figure.

u_popavg
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File to analyze =101l

Files remaining in this directory: Filez to analyze:
MIRS-2012-07-16_011 _confi ;l ara_MIRE-2012-07-16_011 _¢ ;l
MIRS-2012-07-17_002 _confid ara_MIRS-2012-07-17_002_¢

Load the

selected files
/ into nilab2

With the ‘avg’ radio button highlighted, press the ‘show’ button to perform the group-level
statistical analysis. Popup windows allowing you to plot the t-statistics and time courses for all
channels, similar to those for individual-subject analysis (pp. 32-33) will appear:

u_popavg =10 |

‘N0 subjects’
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GUI for level-2 t-statistics:
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GUI for level-2 tine courses:
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APPENDIX: How to Generate a Channel-Layou

Grid for an Arbitrary Optode Array

For both examples considered in the preceding user’s guide, the optodes were arranged in a
manner (pp. 10, 40) that corresponded in a rather straightforward way to a simple checkerboard
channel layout (pp. 12, 41). However, the arrangement of optodes that is best suited to a
particular functional imaging study may have a more irregular character (and a strong point of
NIRScout and DYNOT imaging systems is the flexibility they afford users in the positioning of
optodes). For concreteness, here we consider a specific example that came from a research
group interested in collecting data from a region in the back of the subject’s head, overlying the
visual cortex. They used 8 sources and 12 detectors, and arranged them in the pattern depicted in
the following cartoon:

D2

Here we present a set of steps that can be used to generate a channel layout for the array shown,
and that has worked as well for every other array tested so far.

1. Draw line segments connecting all pairs of adjacent source and detector optodes (see Higher-
Order Considerations, p. 68). Each line segment represents one measurement channel:
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2. Place a mark in the middle of each line segment. These marks indicate the approximate
locations of the centers of the volumes of tissue that the channels are sensitive to:
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3. Count the number of distinct channel locations in the vertical dimension. This will tell you
how many rows to specify in your channel layout:

O O A W DN P

10
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4. Count the number of distinct channel locations in the horizontal dimension. This will tell you
how many columns to specify in your channel layout:
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5. Give each channel a numerical label, m-n, where m is the source number and n is the detector
number:

6. In nilab2, specify a layout array containing M rows and N columns (in this example, M = 10
and N = 14):
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7. Fill in the channel-layout squares that correspond to the row and column indices identified in
Steps 3 and 4. Use the channel labels identified in Step 5:

The 7-step method given here also reproduces the checkerboard layout on p. 12 when applied to
the optode array sketched on p. 10, and the layout on p. 41 when applied to the array depicted on
p. 40.

1. Implicit in the instructions presented above is the idea that you will want to define channels
for all pairs of nearest-neighbor sources and detectors, and only for these pairs. In our experience
the assumption usually is correct, but you may find that for a particular analysis you either don’t
want to include every possible nearest-neighbor pair, and/or that you do want to include channels
defined by optode pairs that are not nearest neighbors. In the former situation, all that is needed
is to modify Step 1 on p. 63: instead of connecting all possible nearest-neighbor pairs with line
segments, connect only the ones that you want to include in your analysis. Then proceed with the
remaining steps as written.

The latter situation may require a more careful approach. Suppose, for example, that we

decide to add some longer-distance channels to the array we have been considering, as shown in
the following figure:
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This change does not call for any modification to the sequence of steps given above. However,
the number of rows in the channel grid will increase by 2, and the number of columns by 1, as
shown next:

New
channels
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So the new channels can be incorporated into the method presented here for specifying a channel
layout. But there are two significant caveats. First, you might have already noticed that the
distance between the source and detector optodes is noticeably larger for the 5 new channels than
for the 26 nearest-neighbor channels we had originally. But when you perform a hemoglobin-
concentration computation (pp. 22-25), you only get to specify one value for the distance. If you
put all 31 channels into a single grid, your only recourse is to pick some average value to use for
all of them.

Second, in addition to the 5 long-distance channels we have considered so far, there are 4
others that are easily defined for this optode array, but a new problem is immediately apparent
when we try to do so: the central points for the new channels coincide with the central points for
4 of the nearest-neighbor channels. This is shown in the following figure:
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The center points for
these 4 longer-distance
channels coincide with
the center points for 4 of
the nearest-neighbor
channels

Both of these factors (i.e., only one source-detector separation can be specified for the
hemoglobin-concentration computation, and overlapping channels) lead us to recommend that if
you want to include multiple source-detector separation distances in your data analysis, you
should process the same data multiple times with nilab2, each time considering only one class of
channels. For the example considered here, there are two classes of channels, nearest-neighbor
and longer-distance, and so we would design two layout grids. The layout grid for the 26 nearest-
neighbor channels is the one shown on p. 68. The grid for the 9 longer-distance channels is:

2. The 7-step method (pp. 63-68) for generating a channel layout is straightforward to implement
for nearly any optode array. A possible downside is that it can lead you to generate a grid
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containing large numbers of rows and columns (10 and 14 for the example on p. 68), with only a
small percentage of the grid cells occupied by channels (26 out of 140, or ~19%). Once you have
attained proficiency in generating layouts this way, you may want to experiment with collapsing
rows and/or columns, on a freehand, case-by-case basis, in order to achieve a smaller grid size
(while sacrificing some spatial accuracy in the channel locations). One way in which this sort of
grid-size economy can be achieved for the optode array we are considering here would be:
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This corresponds to the following 8x6 channel layout, which has channels in more than half of
the grid cells:

73



Likewise, the 7x17 checkerboard grid on p. 41 can be collapsed into a 7x9 one, by merging pairs
of adjacent columns:
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