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Note

This Slides are adapted by a presentation made at the NIH Brain 
Initiative Annual Meeting in April 2018.



BioImage Suite Web



Collaborators/Partners/Beta Testing Labs

• Radiology & Biomedical Imaging
• Todd Constable (Human fMRI)
• Fahmeed Hyder (Small Animal fMRI)

• Neuroscience
• Michael Crair (Mesoscale Calcium 

Optical Imaging)
• Jessica Cardin & Michael Higley 

(Two Photon Optical Imaging)



Aims

• Algorithms for Image Analysis of Multimodal/Multispecies neuroimaging data
• Registration (linear, nonlinear, 2D → 3D, motion correction)
• Connectome Processing (Prefiltering, parcellation, connectivity …)
• Atlas Integration

• Software Architecture
• JavaScript/Web-based with cloud integration
• Data Provenance and file storage

• Testing
• Regression 
• Formalized human testing

• Documentation & Dissemination



Key Technological (Software) Innovations

• Multi-context: same code commandline (via Node.js), desktop (via Electron) and 
Web

• Each context has unique strengths
• 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 BioImage Suite 

(www.bioimagesuite.org) software package  This is really the web version of 
this.

http://www.bioimagesuite.org/


Software Architecture

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

Data Serialization/deserialization Layer in C(++)

JavaScript Computational Layer (Modules)

Matlab Scripts
Web-based (or Desktop) Applications 

modularized as Custom Web Elements
(Browser or Electron)

JavaScript 
I/O Layer 
(Cloud, 

Network,
Database, 

File)

Matlab
Wrapper Layer

JavaScript Wrapper Layer

Python 
Wrapper Layer

JavaScript Command 
Line Tools (Node.js) Python Scripts



C++/Web Assembly

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

• Only external dependency is Eigen numerical library

• Compile into bytecode using Emscripten

• Serialization/Transfer layer
• JS ←→ C++ data transfer is restricted to simple “C”-style objects, essentially 

numbers and arrays



C++ JS Integration

JS Code 
(or Python 

Code)

C++ 
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Interface 
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JS Code

• 45,000 lines of JS Code

• Abstraction of File I/O

• Computational Modules
• Automatic user interface generation
• Automatic commandline generation

• User Interface packaged as Custom Web Elements



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

JS
class SmoothImageModule extends BaseModule {

constructor() {
super();
this.name = 'smoothImage';

}

execute(vals) {
console.log('oooo executing: smoothImage 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.gaussianSmoothImageWASM(input, {
"sigmas": [s, s, s],
"inmm": super.parseBoolean(vals.inmm),
"radiusfactor": parseFloat(vals.radiusfactor)

}, super.parseBoolean(vals.debug));
resolve();

}).catch( (e) => {
reject(e);

});
});

}
}

Python
class smoothImage(bis_basemodule.baseModule):

def __init__(self):
super().__init__();
self.name='smoothImage';

def execute(self,vals):
print('oooo executing: smoothImage with vals', vals);

input = self.inputs['input'];
s = (vals['sigma']);

try:
self.outputs['output’]=

libbis.gaussianSmoothImageWASM(input,
paramobj={

"sigmas": [s, s, s],
"inmm": self.parseBoolean(vals['inmm']),
"radiusfactor": vals['radiusfactor'],}, 
debug=self.parseBoolean(vals['debug']))

except:
return False

return True



Command line
Modules

38 Modules, 
1.1 MB tar.gz file

Works on all major 
platforms, just add 

node.js



Web-based 
Applications



Web-based 
Applications



Web Components



Web Components



Data Provenance

• 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 NIFTI Headers

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

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



Data Format Example



Data Format Example



Data Format Example



Web-based Connectome Visualization
Shen et al. Nature Protocols 2017



Mapping 2D Optical to fMRI (via Angio MRI)



Mapping 
Parcellations 
from Optical 
to MRI



Testing

• Almost all modules (~35) have one or more module regression tests
• Implement module regression tests as part of module development
• Subset of tests also in Python (2/3 of the modules have Python versions)
• Testing is the “fourth context” (commandline, desktop, web) with its own adaptor framework

• We have another 100+ unit tests (in about 30 scripts) to test lower level code 
(e.g. C++ to JS data transfer)

• Manual user testing

• Initial applications for the Yale MISAC Project (talk yesterday)  



Status

• Beta-ish version online bisweb.yale.edu/demo

• Source code coming end of this month (BSD style license)
• Code is build using a combination of cmake and gulp
• Emscripten used for the WebAssembly
• Delay is administrative (need to finish build documentation)

• Low level code is basically almost finished

• Working on documentation (including YouTube channel with direct links to 
the software)
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