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This paper describes program services for performing tasks of computational neurobiology, based on
the distributed modular platform "Digital Laboratory” NRC «Kurchatov Institute». These services
expanded the system "Neuroimaging™ for storing, processing and analyzing experimental MRI / fMRI
data of the human brain. The main goal of creating these program services is the software

implementation of methods for calculating the functional connectivity of regions of the human brain at
rest using fMRI data, and visualization of the results.
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1. Introduction

One of the most actual tasks of neurobiology today is the study of the anatomical structure and
functional neuronal activity of the human brain. Results of such studies are used in clinical practice
and research activities: machine learning, brain-computer interface, analysis of the consequences of
proton therapy in brain tumors, the effect of radiation on human cognitive abilities, emergency
recognition of the type of stroke, the early diagnosis of Alzheimer’s disease, and much more. The
most popular in this area are the methods of MRI and fMRI, based on the principle of nuclear
magnetic resonance. These are new and actively developing methods. The technologies for conducting
MRI / fMRI experiments and analyzing the obtained experimental data are constantly being improved.
As a result, there is a need for the constant development of IT systems for working with experimental
data from MRI / fMRI. At the Kurchatov Institute MRI/fMRI experiments are performed on the MRI
scanner (tomograph) of the Resource Center «Cognimed». For storage, processing and analysis of the
obtained MRI/ fMRI experimental data on the basis of the distributed-modular platform “Digital
Laboratory”, the system “Neuroimaging” was created, with the involvement of the supercomputer of
the NRC KI. This system provides the ability to process data using standard specialized packages and
also by unique author's methods. This article presents two new software services of the
"Neuroimaging™ system. The first service "MFS Method" "performs processing and analysis of fMRI
data of the human brain at rest using a unique functional segmentation method developed by NRC KI
researchers. The second service, «Visualization BrainBrowser», allows to visualize the results of fMRI
data processing.

2. Materials and methods

2.1 «Digital Laboratory» Platform

Information-analytical platform "Digital Laboratory™" [1],[2] is a distributed modular system
for intensive work with data and metadata in a heterogeneous data warehouse, with the function of
dynamically changing by the user both the data itself and the metadata models [3],[4],[5]. Dynamic
modification of data models and types of links between them allows you to develop the functionality
of the system and develop new methods of data processing and analysis. The Digital Laboratory
platform acts as a data flow manager for organizing the transformation and transfer of data between
individual elements of the information environment as a data processing and analysis system. The key
component of the Digital Lab platform is the metadata repository, the main elements of which are data
and metadata models. The interface to these models has a standardized format and is provided by
services [1]. On the basis of the Digital Laboratory platform, it is possible to create both simple
modules for processing and analyzing homogeneous data, and complex modules for processing and
analyzing heterogeneous data [2].

2.2 System «Neuroimaging»

The MRI and fMRI methods has opened up new opportunities for studying the anatomical
structure and functional neuronal activity of the human brain. However, as the number of MRI/fMRI
experiments increased, the problem arose of fast processing and analysis of the flows of experimental
MRI / fMRI data, and their ordered centralized storage. For this goal, on the base of the «Digital
Laboratory» platform, the System "Neuroimaging" [6] was developed and implemented, for storing,
analyzing and visualizing experimental MRI/fMRI data, with use of the supercomputer NRC
"Kurchatov Institute" as a computing resource. System allows to conduct scientific research in the
field of studying the anatomical structure and functional neuronal architecture of the human brain,
using traditional methods and tools of mathematical modeling, and unique techniques developed by
researchers NRC KI. The System "Neuroimaging” allows many times to speed up, simplify and
expand the possibilities of processing and analysis of MRI1 and fMRI data due to the parallelization of
computational processes at the supercomputer nodes, providing a wide range of specialized processing
and analysis tools, with access from anywhere at any time by web interface.
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3. Results

3.1 Program service «Method MFSy»

Functional segmentation method (MFS) is applied for allocation of functionally homogeneous
regions of the human brain at rest [7],[8]. It is based on the correlation approach and as a measure of
similarity uses Pearson's correlation, and also allows you to select regions whose voxels have a high
level of correlation. In this case, a voxel means a set of neighboring neurons within a cubic space a
given size (from 1 to 3 mm, depending on the type of experiment being carried out).

The main goal of creating the program service "Method MFS" was to create a tool for
automating the work of users with a program that implements the MFS method [fig. 1]. At the same
time, it was necessary to develop the most simple procedure for user interaction with the program,
which does not require special IT skills. It was also necessary to organize remote access and create the
ability to visualize the results.

(a) (b)

(c)

# P Q.:: “\

Rt » 4
" A

- -

Figure 1. Results of applying the MFS method to fMRI data

An algorithm was designed that implements the workflow of data within the framework of the
functioning of the service "MFS Method", then a computer model was developed [8], consisting of the
following components: User's PCs. External personal computers that users use to work with the
"Method MFS" module; User web interface. A software shell that automates the procedures for
starting a task and obtaining results, as well as providing the ability to remotely access the system;
Data flow control unit. Internal software module of the IAP "Digital Laboratory"”, coordinating the
exchange of data streams between the components of the model (user interface, data separation unit,
data warehouse, virtual machine); Block for separating input data. Separation of metadata from data;
Data storage. Data storage server of the "Digital Laboratory”, which provides centralized orderly
storage of input data, clean input data, metadata, output data; Computing element. A virtual machine
on which a program is deployed that applies the MFS to input data. This computer model was
implemented in the form of the program service «Method MFC» of the System "Neuroimaging".
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3.2 Program service «Visualization BrainBrowsen

Program service «Visualization BrainBrowser» allows to visualize 3D models of the
anatomical structure and functional activity of the human brain, obtained as a result of processing and
analysis of experimental MRI / fMRI data [fig. 2]. The module uses the capabilities of the freely
distributed specialized visual editor BrainBrowser for viewing surfaces and volumetric structures of
the brain. BrainBrowser lets to explore any volume of a MINC file or 3D object (such as surfaces from
CIVET, Freesurfer, or Wavefront objects). This step allows you to conveniently perform quality
control, which is often critical before moving on to further analysis or transferring large amounts of
data, especially if data format conversion steps have been applied.

The module consists of two sections: Surface. This section provides system users with access
to the BrainBrowser Surface Viewer v2.5.2 software package, which allows visualization of the brain
surface based on the results of analysis and processing of MRI / fMRI data uploaded by the user;
Volume. This section provides system users with access to the BrainBrowser Volume Viewer v2.5.2
software package, which allows visualization of the volumetric structures of the brain based on the
results of analysis and processing of MRI1/ fMRI data uploaded by the user.

The following free software was used: Java (version 8 and higher), JavaScript, HTML 5;
formats for describing metadata XML; DBMS MySQL version 5.5; J2EE interfaces; frameworks
Spring, Hibernate, Activiti; Apache web server and Tomcat 8.5 application server.

BRAIN BROWSER SURFACE VIEWER V252 ™ BRAIN BRO“{SER \I(OLU:\“lE VIEWER V 252

SURFACE

Figure 2. BrainBrowser: visualization of the results of processing MRI/fMRI data

4. Conclusion

We have presented two new program services of the System "Neuroimaging"” for working with
experimental MRI / fMRI data of the human brain. This system was developed based on the "Digital
Laboratory” Platform NRC KI. The " Module MFS" service is a software implementation of the
author's method of functional segmentation, developed by the NRC KI researchers. The service
provides an opportunity to apply the MFS method to fMRI data at rest. The "Visualization
BrainBrowser" service provides an opportunity to visualize the results of processing MRI / fMRI data
in two modes: surface or volume. The creation of these services provides new opportunities for
researchers to solve neurobiological tasks in the field of studying the anatomical structure and
functional neuronal architecture of the human brain.
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