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What is It?

* Biolmage Suite ported to run in a browser
 No SERVER — everything is running locally
e Desktop version (with essentially embedded browser) also available

* Ported over some of the functionality from the “legacy” version
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Version: 0.9.9 (2018/10/12)

Welcome to Biolmage Suite Web.

Select any tool from the Applications menu above, or simply click on the application picture, to open the application. Please
visit our download site for commandline and desktop versions of the software.

This software is not approved for clinical use. Use at your own risk.

Biolmage Suite Web is written in Javascript and has been mostly tested on Google Chrome. All applications are running
on your local machine. No data is ever uploaded to any server.

We gratefully acknowledge support from the NIH Brain Initiative under grant R24 MH114805 (Papademetris X. and
Scheinost D. Pls, Dept. of Radiology and Biomedical Imaging, Yale School of Medicine.)

If you are looking for the old desktop based Biolmage Suite sofiware you may download it from the Legacy Biolmage Suite Webpage.




Biolmage Suite Versions

e 1995 — “Surface Editor” — cardiac
segmentation on Silicon Graphics (MOTIF,
Open Inventor)

e 2001 — Moved to multiplatform and adapted
to brain use (with Todd) (VTK, Tcl)

. 20%9 — 2017 : Many failed attempts to port to
we

e 2017 — Biolmage Suite Web
(JavaScript/WebGL)




Why Web?

* Nothing to install — just navigate to www.bioimagesuite.org

e Works on almost anything (best on Chrome) (try it on your phone!)
e Software is always up-to-date

e But web based does not preclude desktop — we provide
e Command line apps
e Desktop Apps
 Web Applications

e Same code, (almost) same functionality


http://www.bioimagesuite.org/

What can it do?

e Provide six applications (plus two hidden ones!)

Overlay images to create image visualizations
e Connectivity Visualizations
* Interactive Image Segmentation

e Run various image processing, segmentation and registration algorithms

MNI2TAL Conversions



‘ MNI «—— Talairach Converter with Brodmann Areas (1.3) @) MN1— Talairach Converter with Brodmann Areas (1.9

® MNI Y=-21 MNI X=-12

MNI Y=0 MNI X=0
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Biolmage Suite Connectivity View X

8 https://bicimagesuiteweb.github.io/webapp/connviewer.html

File~ Edit~ View~ Parcellations~ Advanced ~ Help~

Viewer Controls

Using node definitions from Shen et al. Neuroimage 2013 with 268 nodes.

Viewer Snapshot

Connectivity
Viewer

Connectivity Control

Pasitive - Core
Mode Single Node v
Node
Lobe L-Cerebellum ¥
. B -
Inputs= Parcellation + | 1
B Degree Thrshid
. Lines o Draw
Matrices
Toggle Legends Toggle 3D Mode
Create Lines Clear Lines
Node:238 | L-Cerebellum, unknown, Cerebellum).
MMI=(-27 -52.8.-31.1), (Degres: p=34, n=32, ==34) (sor=d=238)
Sagittal-jk Coronal-ik

w

| This application (still in beta!) is part of Yale Biolmage Suite. (2018/10/12)



Overlay
Viewer

Inputs=
Anatomical+
Functional

Images

Mosaic

Cluster Analyzer ~

# Coordinates of Size Walue At

Peak (voxels) Peak
1 MNI-&5,-6,6 12546 5720294

MNIE9,-12, 3 353 -5516.678
3 MNI54,-45,39 263 -5096.590
4 MNIE42,-66,-3 262 5764.263
5  MNI:3, 33,33 249 -5490.896
6 MNIE-33,-60,42 179 -5405.376
7  MNE-57,-9,24 177 5157.129
& MHNIz30,18, 51 115 -4545.311
9  MNI:-45,-65,0 108 5255873
10 MNI=39, 30,27 103 -4375.811

Image:images/samplefuncnii.gz dim=61,73,61,1,1,
=p=3,3,3,0,1 orient=LP5 type=float

Save Table

C {t @& nhttps//bicimagesuitew

* File~ Overlay~ Edit~

®

.github.io/webapp/overlayviewer.htm

Help~

Img (27,34,25) =278.98, Ovr-5516.68

’l
Mode
I-Coord
J-Coord
K-Coord
Labels

Disable Mouse [
+ Image Color Mapping
~ Overday Color Mapping
Opacity
I Overlay Type: Overlay v

I Overlay Show: Both b

Min Cverlay
Max Overlay
Cluster Size
Reset Slices Z- Z+ Y
Viewer Snapshot
Atlas Tool @
Biolmage Suite Atlas (MNI)
Coordinates {mm) 81, 102,75
MNI Coardinates 9,-12,3
Lobes Right Subcortical
Networks Subcortical
Brodman Areas Thalamus (50)

This application (still in beta!) is part of Yale Biolmage Suite. (2018/10/12)



Image
Editor

Interactive
Segmentation

‘. Filer  Objectmap~  Edit~

L
£ o

Img (90,108,90) =0, Ovr:0

Tools~  Help~
L
Paint Tool

Create Objectmap
Morphology Operations

Deface Head Image

Regularize Objectmap

Mask Image

Landmark Editor

Viewer Controls

Viewer Snapshot

Paint Tool

[ ensbie ] Overwrite [ 3DBrush
[ mveshoid [ Connect

= Brush Parameters

J Brush Size

‘ Min Threshold

]MaxThreshou'=[]
Bl - ﬂ
-_
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mage [
[ -
E d I tO r | | Viewer Controls

Viewer Snapshot

Paint Tool

VOI Analysis

# enable [ overwrite [ 3DBrush

@ trrestoid [ Connect

~ Brush Parameiers
Brush Size 1
Min Threshold

| Max Threshold _' J -~
o THE

Img (25,9,6,0) =4104, Ovr: (25,9,6,0)=4

\= WUEEEEET This application (still in beta!) is part of Yale Biolmage Suite. (2018/10/12)




Image
Editor Il

VOI Analysis

@ Biclmage St
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Objectmap = Edit~ Tools~

ctmap

Load Objectmap

Save Objectmap

Load Yale Brodmann Atlas (1mm)

Load Yale Brodmann Atlas (2mm)

Viewer Controls

Average Intensity in each Region vs Time
Viewer Snapshot

Paint Tool

o Enable - Overwrite ﬁ 3D Brush

. Threshold . Connect

~ Brush Parameters
Brush Size
Min Threshold

Max Threshold

PIFELPRIRXFPRPIF PRI T IRV CRLY IS @

Time (s)

Plot VOI Values Plot VOI Volumes Exportas CSV

'E 41T This application [still in beta!} is part of Yale Biolmage Suite. (2018/10/12)




Single

. Smooth Ima P
V | e W e r Normalize - Viewer Controls
| (eshold In
C n d - Core
C d . Mode
' s § HCoord
Image Displa sl ma e
g p y S Ca G _ K-Coord
?
®

+ Processing ‘

Labels
Dizable Mouse [l

+ Image Color Mapping

+ Overlay Color Mapping

Extract Frame
Reset Slices = Z+

Viewer Snapshot

Crop Image

¢ Inputz

+ Qutputs

- Parameters
F-Start
HEnd
J-Start
J-End

K-Start

K-End

+ Advanced

Crop - More -

Img (45,54,45) =67
i 11| This application (still in beta!) is part of Yale Biolmage Suite. (2018/10/22)




ile=  Overlay~ Image2 - Overlay2 - Edit ~ Display ~ Image Processing = 5

Viewer 1 Controls

Image Displa

+ Processing

+ Registratio
+ ...

Viewer Snapshot

V1: Img (108,36,94) =2079 G V2: Img (54,18,47) =136




Registration |

‘ File = Overlay = Image2 Overlay2 - Edit = Display = Image Processing - Segmentation~  Registration  Help~

Viewer 2 Controls

/(-F"-_\"‘\
{ N\ Viewer Snapshot
L gl
.7 )
1 Linear Registration g ®
| .
::f * Inputs

b RaElsrancs |rr|£bﬂt!
¢+ Target Image
I Initial Xform fl_du_nt_lt}r_ L |
* Reslced Image

* Paramaters

lierations -

| Mode | Affing ¥ ,

Header Oent

‘ Resolution l

* Advanced
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V1: Img (54,63,63) =390 V2: Img (108,128,128) =311



Registration

e C 3 @ localhost:8080/we lviewer | @ W & :
Q File= Overlay - Image2 - Owverlay2 - Edit - Display - Image Processing = Segmentation = Registration = Help -
Transformation Manager

Viewer 1 Controls

Viewer 2 Controls

Linear Registration

Mon Linear Registration

Viewer Snapshot

Froject Iimage

Back-Project Image

Motion Correction
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Testing and
Verification

C

O @ https://bicimagesuiteweb.github.io/unstableapp

Documentation ~ Developer Info ~ Help~

Main Repository
Plug

brodmann Areas (1.09)

3. The MNI 2 Talairach Converter program.
OO@000

Version: 0.9.10 (Unstable 2018/10/22)

Welcome to Biolmage Suite Web.

Select any tool from the Applications menu above, or simply click on the application picture, to open the application. Please visit
our download site for commandline and desktop versions of the software.

This software is not approved for clinical use. Use at your own risk.

Biolmage Suite Web is written in Javascript and has been mostly tested on Google Chrome. All applications are running on
your local machine. No data is ever uploaded to any server.

We gratefully acknowledge support from the NIH Brain Initiative under grant R24 MH114805 (Papademetris X. and Scheinost
D. Pls, Dept. of Radiology and Biomedical Imaging, Yale School of Medicine.)

e software you may download it from the Legacy Biolmage Suite Webpage.



Module
Testing |

First: O 87 Testname v List (but not

Welcome to the mage Suite Web R
Select the tests you would like to run from the co
> Additional Help

Note: You may, before running tests, like to open
observe the print outs from the algorithms.

‘ Biolmage Suite Web Regression lest Runner E

tests

Test all moduled®
approximateField
backProjectimage
binaryThresholdimage
blankimage
butterwarthFilter
clusterThreshold
combinelmages
computeCarrelation
computeGLM
computeROI
croplmage
defacelmage
displacementField
extractFrame
extractSlice
fliplmage
linearRegistration
manualRegistration
maskimage
morphologyFilter
motionCorrection
motionReslice
nonlinearRegistration
normalizelmage
prepareRegistration
process4DImage
projectimage
regressGlobal
regressOut
regularizeObjectmap
recrientimage
resamplelmage
reslicelmage
segmentimage
shiftScalelmage
sliceBiasCorrect
smoothimage
thresholdimage

;. EwebWorker [ FileServer ~RunTests

n Tests' (or Enter) to run the tests.

aloper Tools (on Chrome simply press ‘Control-Shift-1' or ‘Apple-Option-I') to



& O @ https://bioimagesuiteweb.github.io/webapp/biswebtest.htn

Biolmage Suite Web Regression Test Runner

I\/l O d U ‘ e _ L i U2 10 |C0mputeCorrelation " B WebWorker  Run Tests

Running Tests

Te St I n g | | Executing tests 0:87 (Max index=87).Only runnng tests with name=computeCorrelation

Test 3: computeCorrelation

¢ Command: computeCorrelation -i testdata/ButterWorthOutput.csv --zscore false
» Test details: --test_target testdata/newtests/goldcorrelation.matr --test_type matrix --test_comparison ssd --test_threshold 0.01

¢ Should pass: true

... test execution time=0.21s
.. WASM memory size=16 MB.

Test completed, now checking results.

Comparing matrix using ssd and threshold=0.01 Module computeCorrelation test passed.
deviation (ssd) from expected: 2.53757631270980%e-7 < 0.01

» Details

Tests for version=2018/09/03: completed=1/88, passed=1/88, failed=0/88, skipped=87/88

““command" : "computeCorrelation -i testdata/ButterwWorthOutput.csv --zscore false",
test” : "--test_target testdata/newtests/goldcorrelation.matr --test_type matrix'




Q File~ Overlay~ Edit~ Help~

Biolmage Suite Web Display Regression Test Runner Result 8
First: O Last: 8 Run Single Test Run Multiple Tests

Orthogonal

Viewer Controls Test:8 cc=1.000PASSED

- Core JLdl LIS 1230 2

Plane Reading app state from images/testdata/overlay.biswebstate

HTE Reading result from: images/testdata/test5.png

Columns

Result: {"testresult":true,"value™:0.999974 177713056 2,"metric":"cc"”

First
J 9§ Increment
1 f I = Starting Test 6

» Image Color Mapping Reading app state from images/testdata/overlay2 biswebstate

+ Overlay Calor Mapping Reading result from: images/testdata/test6.png

Result: {"testresult":true,"value™:0.9359878311099219,"metric":"cc"”
Reset Slices Z-
I+ Z
Starting Test 7

Reading app state from images/testdata/overlay2 biswebstate

Viewer Sna ps hot Reading result from: images/testdata/test7.png

Result: {"testresult":true,"value™:0.9911937795834109,"metric":"cc"”
¥ Scale: El
B whiteBked [ Crop
Starting Test 8

Tale Snapshot
Reading app state from images/testdata/overlay2 . biswebstate

Reading result from: images/testdata/test8.png

EENEEEN
Result: {"testresult":true,"value™:0.9999736178960362,"metric":"cc"”

Tests for version=2018/10/22: completed=9/9, passed=9/9, failed=0/9




@ Biolmage Suite Display Test 2 x o
C Y & htp

displaytest2.html % &

bicimagesuiteweb.github.io/unstableapy

Connectivity y—

Biolmage Suite Web Display Regression Test Runner (2)

First 1 Last 5 RunSingle Test  |RUNMUIGIpIS TESts|

Gold 0 Result 0

o
Viewer Controls
Viewer Snapshot Test:0cc=0.994PASSED
Connectivity Control
* Core Starting Test 0
Mode Reading app state from images/testdata/connstate.biswebstate
SIEE Reading result from: images/testdata/otest1.png
obe sieholum * Result: {"testresult™:true,"value":0.993808477333613, metric":"cc"}
Nefwork
Degree Thrshid
Lines to Draw
+ Display

Toggle Legends Toggle 3D Mode

Create Lines Clear Lines

Tests Completed
Te 22: completed=1/1, passed=1/1, failed=0/1



Manual
Testing
(Cheryl,

Dana, Haley)

10/19/2018

Cheryl

MMNIZTAL

Testing Protocol for Bioimage Suite: MNI2TAL

Background: Imaging of the brain is a relatively new technique in medicine, neuroscience, and
psychology. The Montreal Neurological Institute (MNI) template is used to identify reference
spaces in imaging studies to identify structures and regions within the brain. The Talairach
(TAL) Atlas is a mapping technique used to reduce the intersubject anatomic variability in
mapping studies and allows for comparisons between coordinate-based data. Each point in the
brain has both a set of MNI and Talairach coordinates.

About Biolmage Suite: Biolmage Suite is a collection of image analysis programs available as
a software and online that can be used to view brain regions. One of the applications in
Bioimage Suite, MNI2TAL, is used to provide the MNI and Talairach coordinates of a given point
in the brain. Given any MNI coordinate, the program outputs the Talairach equivalent
coordinate, and for any Talairach coordinate, the program provides the corresponding MNI.

Testing MNI2TAL on a Mac:

1. Open the following hyperlink http://bioimagesuiteweb.qgithub.io/unstableapp/,

W it Tolakench Cormverter with Brodmarn Areas (13}

i ¥t

running TAL > MNI batch conversion yields the wrong coordinates. MNI > TAL

9.1 -10/18/18 MNIZTAL Mac Chrome All error batch conversion works fine.

Fixed it was using »



Documentation

wnload ~ Documentation - Developer Info ~ Help~

Owerview Presentation

Draft User Manual

tivity Viewer

vanoed = Help-

Developer Documentation

Lising node Selrlliord from She o ol hewortads 2111 with 268 sodes

[ Table Of Contents | bisweb-man. X

C

@ https://bioimagesuiteweb.github.io/bisweb-manual/

Table Of Contents

First we conver some core information in this document:

* Starting Biolmage Suite Web - how to get and run the software.
s Some Key Information - information about configuring your browser and defaultimage
orientations.

The following documents describe the different applications in Biolmage Suite Web.

s Displaying Images - we discuss here how the core viewer in Biolmage Suite web works
(including colormapping etc.). This is shared by the almost all the applications.

* The Overlay Viewer Application - an application optimized for displaying functional overlays,
including a brief description of the Mosaic Viewer Tool included here.

* The Image Editor Application - an application that can be used for interactive segmentation
and VOI analysis of images.

* The Connectivity Visualization Tool - an application to visualize connectome matrices.

* The MNI2TAL Tool - an application to map MNI to Talairach coordinates and vice-versa.

¢ The Dual Viewer Tool - an advanced dual viewer application. This is intended to be primarily
used for image registration tasks.

These documents describe how to perform specific tasks in one or more of the applications in the
software.

* |Image Processing Tasks - here we describe how to perform basic image processing tasks (e.g.
image thresholding, cropping, resampling) using the tools in Biolmage Suite Web.

* |Image Segmentation - this describes image segmentation functionality in our software.

gistration tools are described in the document describing

* |Image Registration - the ima

e re



Text + Video (Videos in Progress

[ Image Defacing | bisweb-manual X

&« & ﬁ # htips://bicimagesuiteweb.github.io/bisweb-manual/tools/defacin... @ % a 0

Image Defacing

This is @ common procedure required to fully anonymize an MR brain
image. This procedure masks out the face in an MRI making it
impossible to “recognize” the subject (if the image is volume
rendered or the face surface is extracted). Our implementation
derives from the OpenfMRI Project. We use some data from their
source code as well.

Note:If you need help with the basics of Biolmage Suite Web's
viewers, please see the intro to viewers.

Method 1 — Simple Version .

3 YouTube

Search

B Bioimsge Suite Wet x [l Bioimsge Sute Orthogonal Vi x | +

& C & httpsJ/bicimagesuiteweb.github.io/unstableapp, * 0 :

‘* Applications - Download - Documentation ~ Developer Info ~  Help~

I' Sample_Anat.niigz

5, The orthogonal and mosaic functional overlay viewer.
000008

Version: 0.9.9 (Unstable 2018/10/12)

Welcome to Biolmage Suite Web.

https://youtu.be/a8Cbs4SJABs

https://bioimagesuiteweb.github.io/bisweb-manual/tools/defacing.html



https://youtu.be/a8Cbs4SJABs
https://bioimagesuiteweb.github.io/bisweb-manual/tools/defacing.html

Key Technological (Software) Innovations

\I)AVuEi-context: same code commandline (via Node.js), desktop (via Electron) and
e

e Each context has unique strengths
e Tune to technical sophistication of the user and her needs

Formal module architecture for automatic GUI and command line
implementations of algorithmic modules.

WebAssembly implementation of computationally expensive code (C++ compiled
to WASM) e.g. Non Linear Registration ~90% native performance

Custom Web Elements to modularize the applications
No server, all computation is done in the client (your browser)

A lot of this work builds on our previous experience with the Yale Biolmage Suite
(\Avww.bioimagesuite.org) software package = This is really the web version of
this.



http://www.bioimagesuite.org/

Software Architecture

Web-based (or Desktop) Applications

modularized as Custom Web Elements

JavaScript Command

Line Tools (Node.js)

(Browser or Electron)

|

JavaScript
I/O Layer
(Cloud,
Network,
Database,
File)

JavaScript Computational Layer (Modules)

t

JavaScript Wrapper Layer

4 I

Python Scripts

Python
Wrapper Layer

|

Low-Level Processing in C++ (compiled either to WebAssembly or native shared library)




C++/Web Assembly

e ~18,000 lines of C++ code (per wc) (much of this adapted from
Biolmage Suite but stripped of dependencies to VTK/ITK/..)

* Only external dependency is Eigen numerical library
 Compile into bytecode using Emscripten

e Serialization/Transfer layer

e JS & C++ data transfer is restricted to simple “C”-style objects, essentially
numbers and arrays



C++ JS Integration

Auto-
(c:rslfc’)c?\f)n Generated JS C++ Interface Com i-’:;tional
y Interface Code P
Code) Code Code

T

/** Compute butterworthFilter Output _
* @param input the input matrix to fiflter (time = rows)

* @param jsonstring the parameters { *type": "Tow", "cutgff”: 0.15, 'sampleRate': 1.5 };

* @param debug if > 0 print debug mesgages _
* @returns a pointer to the filtered natrix (rows=frameg,cols=rois)

// BIS: { 'butterworthFilterwAsm', 'Matrix', [ 'Matrix’, 'ParamObj’, ‘debug' ] } _ _
BISEXPORT unsigned char®* butterworthFilterwAsM(unsigned char®* input,const char* jsonstring,int debug);




JS Code

e 45,000 lines of JS Code
e Abstraction of File I/O

e Computational Modules
e Automatic user interface generation
e Automatic commandline generation

e User Interface packaged as Custom Web Elements



Formal Module Architecture
(Inputs, Outputs, Parameters specified using JSON)

JS

class SmoothlmageModule extends BaseModule {

constructor() {

super();
this.name = "smoothlmage~;

}

execute(vals) {

console.log("ooo0 executing: smoothlmage with vals’,vals));

return new Promise( (resolve, reject) => {
let input = this.inputs[ input”];
let s = parseFloat(vals.sigma);

biswrap.initialize().then(() = {
this.outputs[“output™] =
biswrap.gaussianSmoothlImageWASM(input, {
"sigmas"™: [s, s, s],
"inmm': super.parseBoolean(vals.inmm),
"radiusfactor': parseFloat(vals.radiusfactor)
}, super.parseBoolean(vals.debug));
resolve();
})-catch( (e) => {
reject(e);
P:

D

Python

class smoothlmage(bis_basemodule.baseModule):

def __init__ (self):
super()-__init_Q;
self_name="smoothlmage~;

def execute(self,vals):
print(“oooo executing: smoothlmage with vals®, vals);

input = self.inputs[“input™];
s = (vals["sigma“]);

try:
self_outputs[“output’”]=
libbis.gaussianSmoothlImageWASM(input,
paramobj={
"sigmas": [s, s, sl,
"inmm": self._parseBoolean(vals["inmm"]),
"radiusfactor': vals["radiusfactor"],},
debug=sel f._parseBoolean(vals["debug"]))
except:
return False

return True



Web Components

<body oncontextmenu="return false;" ondragstart="return fa:

«]se;" ondrop="return false;"> <bisweb-simplealgorithmcontrollerelement
id="algoelement"
<bisweb-topmenubar id="viewer_menubar"> bis-viewerid="#viewer">
5/b1sweb-topmenubar> </bisweb-simplealgorithmcontrollerelement>
<div id="viewerwidget"> <bisweb-painttoolelement
id="painttool"
<bisweb-viewerlayoutelement bis-layoutwidgetid="#viewer_layout"
id="viewer_layout" bis-viewerid="#viewer"
bis-sidewidth="310" bis-algorithmcontrollerid="#algoelement">
bis-coreopen="false" </bisweb-painttoolelement>
bis-wholescreen="1"
bis-defaul ttext=""> <bisweb-console id="bisconsole"></bisweb-console>

</bisweb-viewerlayoutelement> _ _ _ _
| <bisweb-viewerapplication

<bisweb-colormapcontrollerelement id="viewer_cmap"> bis-menubarid="#viewer_menubar"
</bisweb-colormapcontrollerelement> bis-painttoolid="#painttool"
bis-consoleid="#bisconsole"
<bisweb-orthogonalviewer bis-viewerid="#viewer'">
id="viewer" </bisweb-viewerapplication>
bis-layoutwidgetid="#viewer_layout"
bis-colormapeditorid="#viewer_cmap"> </div>

</bisweb-orthogonalviewer>
<bisweb-botmenubar></bisweb-botmenubar>
<bisweb-snapshotelement </body>
bis-layoutwidgetid="#viewer_layout" </html>
bis-dowhite="false"
bis-viewerid="#viewer">
</bisweb-snapshotelement>




Web Components

<body oncontextmenu="return false;" ondragstart="return fa:

«]se;" ondrop="return false;"> <bisweb-simplealgorithmcontrollerelement
id="algoelement"
<bisweb-topmenubar id="viewer_menubar"> bis-viewerid="#viewer">
5/b1sweb-topmenubar> </bisweb-simplealgorithmcontrollerelement>
<div id="viewerwidget"> <bisweb-painttoolelement
id="painttool"
<bisweb-viewerlayoutelement bis-layoutwidgetid="#viewer_layout"
id="viewer_layout" bis-viewerid="#viewer"
bis-sidewidth="310" bis-algorithmcontrollerid="#algoelement">
bis-coreopen="false" </bisweb-painttoolelement>
bis-wholescreen="1"
bis-defaul ttext=""> <bisweb-console id="bisconsole"></bisweb-console>

</bisweb-viewerlayoutelement> _ _ _ _
| <bisweb-viewerapplication

<bisweb-colormapcontrollerelement id="viewer_cmap"> bis-menubarid="#viewer_menubar"
</bisweb-colormapcontrollerelement> bis-painttoolid="#painttool"
bis-consoleid="#bisconsole"
<bisweb-orthogonalviewer bis-viewerid="#viewer'">
id="viewer" </bisweb-viewerapplication>
bis-layoutwidgetid="#viewer_layout"
bis-colormapeditorid="#viewer_cmap"> </div>

</bisweb-orthogonalviewer>
<bisweb-botmenubar></bisweb-botmenubar>
<bisweb-snapshotelement </body>
bis-layoutwidgetid="#viewer_layout" </html>
bis-dowhite="false"
bis-viewerid="#viewer">
</bisweb-snapshotelement>




Data Provenance

e Store data provenance information as JSON-extensions to files
 Who generated this file, when, where, with what and how?
* For images embed the JSON info as extensions to NIFT| Headers

 For matrices and transformations we are formalizing new JSON based file
formats

e Same applies to higher level outputs (e.g. motion parameters)



Data Format Example

"bisformat":

"filename":
=__mot.json",

"comments": [

"BisDataoObjectCollection”,

"testdata/test_motion_correction__test_motion_corrections

"Modu]eOutput": {

"command ": "/usr/bin/node /home/xenios/javascript/biscps
splib/js/bin/bisweb.js motionCorrection -t testdata/test_motion_correctios
n.nii.gz -r testdata/test_motion_correction.nii.gz --doreslice true -o /-
=home/xen1os/w1nhome/Desktop/mot1onparams json --resliced /home/xenios/wi=
=nhome/Desktop/mot1oncorrect nii. gz ,

‘output”: "output'

"parameters": {
"doreslice":
"norm": true,
"intscale": 1,
"numbins"”: 1024,]]
"extrasmoothing":
"metric": "cc",
"optimization": "Hill1CTimb",
"stepsize": 0.25,

"levels™: 3,
"jterations": 32,
"resolution": 1.01,
"debug": false,
"steps": 4,
"refno": 0

true,

0,

systeminfo": {
"os": "Tinux",
llar‘chll: IIX64II’
"hostname": "z230pc",
"user": "xenios",
"date": "2018-04-02T20:13:52.377Z",
"nodeversion": "v8.9.4",
"biswebversion": "04/02/2018"

}

"numitem<" = §

e | Fa s AAN =

"numitems”:
"itemlist":

3,
[

lltypell :
"data":

"transform",

_ : "{\"bisformat\":\"BisLinearTransformation\",\"filen »
same\" :\"identity.matr\",\"comments\":[],\"matrix\"

:'I;[]-!O!O!O] ’ [0!1!0!01 :

s, [0,0,1,0],[0,0,0,1]],\"parameters\":[0,0,0,0,0,0]}",
"metadata": {
"frame": 0
}
1,
{ mn mn mn n
type": "transform",
"data": "{\"bisformat\":\"BisLinearTransformation\",\"filen :

same\" :\"identity.matr\",\" comments\

"r[],\"matrix\":[[0.9049245715141296 -

+,-0.425572007894516,0,61.54688262939453],[0.425572007894516,0.904924571 -

<5141296,0,-39.15327453613281]1,10,0,1,0]1,10,0,0,11]
s1249885559082,-1.7674999237060547,0,0,0,
"metadata": {

,\'"parameters\":[2.65 :

-25.186874389648438]}",

"frame": 1
A !
{ LA 1" " mn
type": "transform",
"data": "{\"bisformat\":\"BisLinearTransformation\",\"filen:

same\" :\"identity.matr\",\" comments\
+,0.425572007894516,0,-39.15327453613281],

":[],\"matrix\":[[0.9049245715141296=
[-0.425572007894516,0.90492457 -

<15141296,0,61.54688262939453]1,[0,0,1,0]1,[0,0,0,11]7,\"parameters\":[-1.7 »
<674999237060547,2.651249885559082,0,0,0,25.186874389648438]1%",
"metadata": {
"frame": 2
ks
I
{ mn mn " "
type": "transform",
"data": "{\"bisformat\":\"BisLinearTransformation\",\"filen -

same\" :\"identity.matr\",\"comments\":[],
+,0,-0.41858047246932983,34.94537353515625],[0,1,0

\"matrix\"
,0],[0.418580472469329 -

:[[0.9081797003746033 -

+83,0,0.9081797003746033,-43.92396545410156],[0,0,0,1]],\"parameters\":[ :
+0.8837499618530273,0,-1.7674999237060547,0,-24.744998931884766,0]}",

"metadata": {
"framp"+

LY a~nr N A AN

- = - =




Data Format Example

"BisDataObjectCollection™,
"testdata/test_motion_correction__

"bisformat":
"filename":
=__mot.json",

"comments": [

"Modu]eOutput": {
"command ":

=nh0me/Deskt0p/m0t1oncorrect nii. gz ,
‘output”: "output'
"parameters": {
"doreslice":
"norm": true,
"intscale": 1,
"numbins"”: 1024,]]
"extrasmoothing”: 0,
"metric": "cc",
"optimization": "Hill1CTimb",
"stepsize": 0.25,
"levels™: 3,
"jterations": 32,
"resolution": 1.01,
"debug": false,
"steps": 4,
"refno": 0

true,

systeminfo": {
"os": "Tinux",
llar‘chll: IIX64II’
"hostname": "z230pc",
"user": "xenios",
"date": "2018-04-02T20:13:52.377Z",
"nodeversion": "v8.9.4",
"biswebversion": "04/02/2018"

}

"numitem<" = §

e | Fa s AAN =

test_motion_correctio

"/usr/bin/node /home/xenios/javascript/bisc
splib/js/bin/bisweb.js motionCorrection -t testdata/test_motion_correcti
n.nii.gz -r testdata/test_motion_correction.nii.gz --doreslice true -o

=h0me/xen1os/w1nhome/Desktop/mot1onparams json --resliced /home/xenios/w

plib/js/bin/bisweb.js motionCorrection

"Moduleoutput":
"command "/usr/bin/node /home/xenios/ja

-t testdata/test_mo

n.nii.gz -r testdata/test_motion_correction.nii.gz --dores
home/xen1os/w1nhome/Desktop/mot1onparams json --resliced /
nhome/Desktop/mot1oncorrect nii. gz

1,

‘l'.

'output”: "output'

"parameters": {
"doreslice"
"norm": true,
"intscale": 1,
"numbins": 1024, |
"extrasmoothing”: O,
"metric": "cc",
"optimization": "HillClimb",
"stepsize": 0.25,
"levels": 3,
"iterations": 32,
"resolution”: 1.01,
"debug": false,
"steps": 4,
"refno": 0

true,

systeminfo": {

'os": "Tinux",

(1}

"arch” "x64",
"hostname": "z230pc",
"user": "xenios",
"date": "2018-04-02T720:13:52.377Z2",
"nodeversion": "v8.9.4",
"biswebversion": "04/02/2018"
}
}
¢ ,U,-1.706/7499% 00054 0, -2 A4998°C o84 /006,0

"metadata": {

"framp"+




L
"Modu1e0utput": {
D t F t E ‘ command : /usr/bin/node /home/xenios/ja
a a Orl I Ia Xal I Ip e plib/js/bin/bisweb.js motionCorrection -t testdata/test_mo
n.nii.gz -r testdata/test_motion_correction.nii.gz --dores

home/xen1os/w1nhome/Desktop/mot1onparams json --resliced /
nhome/Desktop/mot1oncorrect nii. gz

"bisformat": "BisDataObjectcCollection”,

"filename": "testdata/test_motion_correction__test_motion_correctio HOUtDUt . QUtPUt
«_mot.json", parameters_: {
comments”: [ "doresTlice": true,
"Moduleoutput”: { norm-: t!:ue,
"command ": "/usr/bin/node /home/xenios/javascript/bisc 1nts<_:a1e : 1,
plib/js/bin/bisweb.js motionCorrection -t testdata/test_motion_correcti "numbins": 1024,D
n.nii.gz -r testdata/test_motion_correction.nii.gz --doreslice true -o "extrasmoothing": 0,

=h0me/xen1os/w1nhome/Desktop/moUonparams json --resliced /home/xenios/w " A TR T
=nh0me/Deskt0p/m0t1oncorrect nii. gz , ”mEtr“_: . _CC"! o . "
"output”: "output”, optimization": "HillClimb",
parameters”: { "stepsize": 0.25,
doreslice": true, "levels": 3
"norm": true, . Lt 2
"intscale": 1, 1terations : 32,
:nugbinS"Hj§24aD 0 "resolution”: 1.01,
extrasmoothing”: 0, " ",
"metric": "cc", udEbUQ..' fa1se,
"optimization": "Hill1CTimb", j— y
"stepsize": 0.25, 1] . "
"Tevels": 3, systeminfo™: {
iterations”: 32, " " " . "
"resolution": 1.01, 0os -I TNuUuX
"debug": false,

\steps’: 4, "arch": "x64",
L, "hostname": "z230pc"
"systeminfo": { " " " = "

"os": "Tinux", user . Xenios

"al"ch"' IIX64II

"hostname" : "2230pc", "date" . "2018—041021_20 . 13 . 52 . 3772" y

:jjﬁ{; :3’2‘89?;‘382102Tzo:13:5z.377z", "nodeversion’: "v8.9.4" .

"nodeversion": "v8.9.4"

"biswebversion”:  "04/02)2018" "biswebversion”: "04/02/2018"

}
1,

'numitems" = §

= e | Fa s AAN =



Some Limitations

* There are some cases were the web (alone) is not enough

 Reading multiple files from disk at the same time is not easy to do in a
browser
e Each file|open and file|save operation must be approved by the user (security)

e Solution | — Cloud Storage (Amazon S3 and Local Server)
e We provide a simple script to allow browser to access your filesystem directly

e Solution Il — Desktop Version
e Electron-based Desktop Apps



Desktop Apps

[ Biolmage Suite Web - o x

Q Applications~ Download ~ Documentation ~ Developer Info ~ Help~

e Must be downloaded + installed

A
hid

* Essentially package a version of
Chrome (Electron) and our code

5. The orthogonal and mosai nctional overlay viewer.

° Ca N aCCeSS fl IeSySte m d I reCtly Welcome to Biolmage Suite Web.

* Select any tool from tl ns menu above, or simply click on the application picture, to open the application.
Please visit our down commandline and desktop versions of the software.

» This software is not approved for clinical use. Use at your own risk.

* Biolmage Suite Web is written in Javascript and has been mostly tested on Google Chrome. All applications are
running on your local machine. Nodata is ever uploaded to any server.

o LO O kS m O re O r | e S S S a m e a S W e b - s We gratefully acknowledge support from the MIH Brain Initiative under grant R24 MH114805 (Papademetris X. and
Scheinost D. Pls, Dept. of Radiology and Biomedical Imaging, Yale School of Medicine.)
L]
b a S e d V e rS I O n If you are looking for the old desktop based Biolmage Suite software you may download it from the Legacy




B " Bash on Ubuntu on Windows

pw_thresholdImage -h

. . Using node.js version 8.11.2 (OK) . . . .
O m m a n I_I n e A S .... This program is part of the commandline suite of tools from BioImage Suite Web.
.... See https://github.com/bioimagesuiteweb/bisweb for more information.

PR Setting forcing orientationOnLoad to: None (from None), None
. bisweb commandline user preferences loaded from /home/xenios/.bisweb .
{"orientationOnLoad":"None","snapshotscale": 2, "snapshotdowhite" :true,"filesour

¢ Some times it iS USEfUI tO :;:;';':;"'ID::a'I"_."5}'|m-n.-.'e'|::0rne”:tr"ue_."F.;'-.-'Dr"'itEFD'Ider"S":[];"'ir'uter"r'ua'l":Fa'ISE}
“batch” process data

Usage: bisweb.js thresholdImage [options]

Options:

_ui _—Eeﬁzian $rtpgf thF $§rfi?ﬂ ﬂurber ] 1 _Threshold Image
H H -—~Tlow [n he threshold below which values wi be ¢
i We prOV|de com mand Ilne --high [n] The value above which values will be class

--replacein [s] If true, values classified as "in" will be

applications of the same

. . :-FEp]aEEDUt [s] If true, values classified as 'out" will b
alue ,
mOdUIeS as In the We b-baSEd -—-inval [n] Value to replace "in' values with Outputs

-—-putval [n] vValue to replace "out" values with - Parameters

version (same exact code) “outtype [s]  output Type ,
--debug [s] Toggles debug logging Low Threshold
-i --input <s> The image to be processed
-0 --output =<s: Save the output image High Threshold
-—paramfile [s] Specifies that parameters should be read f
d to parsed from the command line. _ + Advanced

--silent Run in silent mode (no output on the conso
¢ Download and InSta” -h, --help output usage information Replace 'in’

* Also need node.js o
(commandline JS interpreter)

I Output Type

Debug

Threshold - More~




Some Cool Figures

e Simultaneous fMRI Ca(2+) Imaging Project (Crair, Constable Pls)
* Images using data from Eve Lake and Xinxin GE

e Custom code to merge 2D Projected Images and 3D MRI



Mapping 2D Optical to tTMRI (via Angio MRI

s
* Image~ Overlay ~ Image2 ~ Overlay2 Edit~ Image Processing ~ Registration~ MISAC ~ Help~

Viewer 1 Controls

Viewer 2 Controls

Viewer Snapshot

Paravision Import

Load Existing Job

Save

,205,0,0) =3901.01 V2:(84,205,0,0) =3060




Mapping
Parcellations

from Optical
to MRI




Lots more

Google Drive and Dropbox integration (read only)

Progressive Web Application (offline use via caching)

All code on github

Lots of programmer documentation on JS/WebAssembly etc. on Github (under docs).
Python and Matlab (early) integration of computational code.

Paravision Import functionality for small animal MRI

Port of old diff-SPECT code for Epilepsy

Landmark placement and editing

Interactive Registration

Copy & Paste Viewers across applications (via browser cache)

Arbitrary Image Orientation and Registration (plus force “on load” if desired)



Current State

e Software is available (web, desktop, source code etc.)

e Closing in on v1.0 release (0.99!) — probably next week
e Focus has been on getting low level functionality in place

* Next
e Data organization (DICOM, BIDS)
e Processing pipeline for resting state fMRI and optical Ca 2+ images
Better cloud integration
 Machine learning via tensorflow.js
* Form a basis for all future development work
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