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TOPIC OF REPORT

System «Neuroimaging»

This report presented the project of Digital Lab Platform
implementation to organize storage, processing and
analysis of neurocognitive data (MRI, fMRI), obtained at
Kurchatov Institute Resource Center of Nuclear Physical
Research Methods "Cognimed". To this goal was created
a new Digital Lab module - System "Neuroimaging".
System "Neuroimaging“ allows to organize the
interaction between the Resource Center «Cognimed»,
the Computer Center Complex for Simulation and Data
Processing and the scientists at the Kurchatov Institute
(Moscow).
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Processing and analyzing fMRI data  (needs  much more resources  than for MRI)
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System «Neuroimaging» Architecture
The System «NEUROIMAGING» has the following structure: 

1. Data Storage: Unified storage of data and results of their 
processing and analysis.

2. Computing Module: Data processing and analysis using 
specialized software (standard tools (FreeSurfer, FSL, SPM, 
etc.) and own developed by Kurchatov Institute researchers 
tools (unique methods for rest-fMRI, etc.). Parallelization of 
calculations on supercomputer’s nodes.

3. Analytics and Statistic Module: Data group’s formation by 
set of parameters; analytics and statistic reports generated.

4. Data Visualization Module: Creating the models of data 
neuroimaging with Viewer Editors (FreeView, etc).

5. Data Management Module: Organizes the exchange of 
data between Web Portal, Data Storage, Computing Module 
and other modules of System.

6. Web interface: Organization of System interaction with 
external devices (Tomograph operator's PC, User’s PC of 
medical and scientific organizations, etc.).  



System «Neuroimaging» Web-interface



• Step 1 Log in to the portal

• Step 2 Create new patient record

• Step 3 Attach MRI/fMRI data (DICOM files 
or NIFTI file).

• Step 4 Start task by pressing «Start»
button

• Step 5 Waiting of results 
(interactive log is provided for job              

status monitoring)

• Step 6 Download .rar file with results

Algorithm for users 
System «Neuroimaging» 



System «Neuroimaging»: visualization of results

Index SegId NVoxels Volume_mm3StructName normMean normStdDevnormMin normMax normRange
1 4 7599 7932.7 Left-Lateral-Ventricle 40.7429 11.2806 24.0000 85.0000 61.0000
2 5 123 158.8 Left-Inf-Lat-Vent 60.1870 11.4529 34.0000 77.0000 43.0000
3 7 13139 13847.6 Left-Cerebellum-White-Matter 93.6948 6.8365 26.0000 110.0000 84.0000
4 8 58137 57884.6 Left-Cerebellum-Cortex 72.9654 10.7339 27.0000 103.0000 76.0000
5 10 7686 7403.2 Left-Thalamus-Proper 93.7050 9.3486 38.0000 114.0000 76.0000
6 11 2935 2928.3 Left-Caudate 83.8589 6.6515 56.0000 106.0000 50.0000
7 12 3669 3802.0 Left-Putamen 92.9635 4.6146 71.0000 107.0000 36.0000
8 13 1973 1922.4 Left-Pallidum 104.0862 4.7881 73.0000 115.0000 42.0000
9 14 1046 1141.9 3rd-Ventricle 42.1080 10.7543 24.0000 89.0000 65.0000
10 15 2274 2383.5 4th-Ventricle 37.0954 10.9126 16.0000 76.0000 60.0000
11 16 20597 20259.8 Brain-Stem 82.7575 10.1114 29.0000 110.0000 81.0000
12 17 3630 3475.5 Left-Hippocampus 78.7689 7.3033 35.0000 107.0000 72.0000
13 18 1064 1027.9 Left-Amygdala 80.1194 5.6961 56.0000 97.0000 41.0000
14 24 1164 1126.2 CSF 54.8763 13.8059 29.0000 107.0000 78.0000
15 26 261 253.6 Left-Accumbens-area 82.7203 6.0462 54.0000 97.0000 43.0000
16 28 3784 3492.6 Left-VentralDC 93.4199 11.8571 34.0000 117.0000 83.0000
17 30 0 0.0 Left-vessel 0.0000 0.0000 0.0000 0.0000 0.0000
18 31 276 244.4 Left-choroid-plexus 53.8841 12.8802 30.0000 84.0000 54.0000
19 43 8817 9064.1 Right-Lateral-Ventricle 40.0640 11.0066 23.0000 87.0000 64.0000
20 44 215 259.2 Right-Inf-Lat-Vent 46.0000 10.4331 25.0000 77.0000 52.0000
21 46 12610 13420.0 Right-Cerebellum-White-Matter 85.4273 5.8124 34.0000 105.0000 71.0000
22 47 58540 58361.7 Right-Cerebellum-Cortex 69.0651 9.4873 15.0000 98.0000 83.0000
23 49 7026 6737.3 Right-Thalamus-Proper 90.1658 9.0977 41.0000 112.0000 71.0000
24 50 3100 3035.9 Right-Caudate 83.7655 6.9715 53.0000 104.0000 51.0000
25 51 4221 4225.7 Right-Putamen 90.7197 5.0922 63.0000 106.0000 43.0000
26 52 1837 1813.6 Right-Pallidum 101.4110 4.0582 75.0000 114.0000 39.0000
27 53 3820 3707.8 Right-Hippocampus 76.4639 7.1124 38.0000 99.0000 61.0000
28 54 1506 1459.9 Right-Amygdala 75.9515 6.1383 50.0000 94.0000 44.0000
29 58 334 329.1 Right-Accumbens-area 82.7964 5.1102 54.0000 97.0000 43.0000
30 60 3831 3535.9 Right-VentralDC 92.7450 11.4026 31.0000 118.0000 87.0000
31 62 3 10.4 Right-vessel 65.6667 4.0415 62.0000 70.0000 8.0000
32 63 405 351.6 Right-choroid-plexus 56.4173 12.2299 28.0000 83.0000 55.0000
33 72 0 0.0 5th-Ventricle 0.0000 0.0000 0.0000 0.0000 0.0000
34 77 981 925.3 WM-hypointensities 73.1947 12.8392 33.0000 108.0000 75.0000
35 78 0 0.0 Left-WM-hypointensities 0.0000 0.0000 0.0000 0.0000 0.0000
36 79 0 0.0 Right-WM-hypointensities 0.0000 0.0000 0.0000 0.0000 0.0000
37 80 0 0.0 non-WM-hypointensities 0.0000 0.0000 0.0000 0.0000 0.0000
38 81 0 0.0 Left-non-WM-hypointensities 0.0000 0.0000 0.0000 0.0000 0.0000
39 82 0 0.0 Right-non-WM-hypointensities 0.0000 0.0000 0.0000 0.0000 0.0000
40 85 81 65.4 Optic-Chiasm 73.1481 15.4314 44.0000 116.0000 72.0000
41 251 1165 1057.7 CC_Posterior 98.6695 15.9545 38.0000 117.0000 79.0000
42 252 661 573.7 CC_Mid_Posterior 89.9244 15.4868 35.0000 111.0000 76.0000
43 253 531 462.5 CC_Central 92.8173 15.7818 41.0000 110.0000 69.0000
44 254 688 618.6 CC_Mid_Anterior 94.0116 15.2766 42.0000 112.0000 70.0000
45 255 904 856.0 CC_Anterior 103.2489 11.6222 46.0000 117.0000 71.0000



System «Neuroimaging»: Module «Method MFC» 

Automation of work with a program 
deployed on a virtual machine NRC KI,  
for implements the Method MFC for 
identifying homogeneous functional 
regions based on fMRI data analysis (the 
method is the author's development of 
the Kurchatov Institute Research Center).



Module «Method MFC»: 
visualization of results



System «Neuroimaging»: Service «Visualization DICOM» 



System «Neuroimaging»: Module «Visualization BB» 



Module «Visualization BB»: BrainBrowser Surface



Module «Visualization BB»: 
BrainBrowser Surface



• - The module of primary work with data: 
loading and unloading of data; primary 
visualization, conversion.

• Data storage module: primary data, 
processing and analysis results.

• Processing and 3D modeling module: 
preprocessing, processing, 3D modeling, 3D 
visualization, manual data correction.

• Segmentation and diagnostics module: 
loading and analysis of the results of 
automatic segmentation, implementation of 
algorithms for the diagnosis of 
neurocognitive pathologies.

• User Interaction module: web interface.

System «Neuroimaging»: Module «Auto segmentation» 



Module «Auto segmentation» 



INDIVIDUAL DATA ANALYSIS 

Module «Auto segmentation» 

Таблицы aseg.stats полученные для испытуемого 
в режимах freesurfer и anatomy соответственно

Результат индивидуального анализа файлов aseg.stats для испытуемого 



GROUP DATA ANALYSIS
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Module «Auto segmentation» 



Benefits 
of System «Neuroimaging» implementation

Ø Many times speed up of processing and analysis MRI and fMRI data due to 
parallelization of computations on supercomputer nodes.

Ø Wide choice of tools for processing and analyzing data due to the installation 
of a set of modern specialized software packages on a supercomputer.

Ø Centralized data storage, with the possibility of searching on a set of 
parameters, what make possible in the future to reuse this data for various 
scientific studies.

Ø Work with data at any time from any place using web-portal.
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System «Neuroimaging» Web-interface



MRI experiments data work flows





FreeView

Resulting images after processing the initial data 



• MRI Convert for converting the NIFTI file from the original set of DICOM files;

• FreeSurfer for NIFTI file processing;

• FreeView (viewer from the FreeSurfer package) for building images after NIFTI file processing.

• FSL, alternative package for NIFTI file processing;

• FSLeyes ( viewer from the FSL package) for building images after NIFTI file processing

All the software has been installed in the network file system such as CernVM File System (cvmfs), and the 
corresponding modules have been prepared. Work with it is organized via the Modules package, using which 
the user can dynamically change the environment variables of the current session.

List of installed packages



The information system at HybriLIT heterogeneous platform for storing and analyzing magnetic 
resonance imaging (MRI) and functional magnetic resonance imaging (fMRI) data. The main task of 
this information system is to create a storage of MRI / fMRI data, as well as to automate the 
processes of their processing and analysis with the possibility of subsequent visualization of the 
results. A system module has been created for working with MRI / fMRI of the human brain using 
specialized software (FreeSurfer, FSL). When deploying the additional specialized software, the 
module can also used for processing and analysis of MRI / fMRI data of the brain of laboratory 
animals (for example, mice). 

Workflow for Analyzing Experimental MRI/fMRI Data on the HybriLIT 
Heterogeneous Platform



Thanks for your attention!


