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Outline

• Principles & Computational Algorithms

• Methodological Issues & Computational Platform

• Applications to Brain Disorders
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Brain Network: Principles
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World-wide airport network

Social network
Brain network
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Brain Network: Principles
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Tract-tracing

Hilgetag et al., 2000.
Trans R Soc Lond B Biol Sci

Stam et al., 2007. 
Cereb Cortex 

EEG

Bassett et al., 2006.
PNAS

MEG

Achard et al., 2006.
J Neurosci 

Functional MRI

Hagmann et al., 2007.
PLoS ONE

Diffusion MRI

Structural MRI

He et al., 2007. 
Cereb Cortex 
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Brain Network: Principles
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• Brain hubs

Hagmann et al., 2008. PLoS Biol

5

Brain Network: Principles

6He et al., 2009. PLoS ONE

• Brain hubs
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Computational Methodology

Graph theoretical analysis

Bullmore and 
Sporns, 2009
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Computational Methodology

Random:
l low Cp
l low Lp

Watts and Strogatz, 1998. Nature

Small-world:
l high Cp

l low Lp

Regular:
l high Cp
l high Lp

Small-world networks contain 
many local links and a few 
long-distance links (so-called 
“shortcuts”).

Cp: average clustering of a network
Lp: average shortest path length of a network

Graph theoretical analysis

l Node: brain region
l Link: connection
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Computational Methodology

Graph theoretical analysis

Hub

Module

Yan et al., 2011. PLoS ONE 9
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Computational Methodology

Yan et 
al., 2011. 

PLoS
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Computational Methodology

The “Resting” Brain

Courtesy of Dr. Daniel Margulies13
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Computational Methodology

Correlate

How do we detect 
organized patterns of 

intrinsic activity?

Resting State Functional 
Connectivity

14

14

Computational Methodology

Zhang and Raichle, 2010. Nat Rev Neurol

• Correlation
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Li, et al., 2021. Hum Brain Mapp
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Computational Methodology

• Independent Component Analysis

Birn

2015
16
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Computational Methodology
• Functional network connectivity

17Jafri et al., 2008. NeuroImage
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Outline

• Resting-State fMRI: Principles

• Data Analysis: Computational Algorithms

• Data Analysis: Methodological Issues

• Data Analysis: Computational Platform

• Applications to Brain Disorders
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Methodological Issues

19

19

Methodological Issues
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Methodological Issues
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Outline

• Resting-State fMRI: Principles

• Data Analysis: Computational Algorithms

• Data Analysis: Methodological Issues

• Data Analysis: Computational Platform

• Applications to Brain Disorders
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Traditional fMRI Preprocessing Toolbox
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FreeSurfer

• Numerous steps and 
configurations

• High learning curve
• Big data era of 

neuroimaging calls for 
new pipelines
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Computational sharing platform for fMRI
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Yan et al., 2016. Neuroinformatics
Corresponding author

Ø Incorporating DPARSF

Prior work, cited 2704 times

Ø Adapting methodological updates

Head motion (cited 1159 times)

Standardization (cited 340 times)

Multiple comparison correction (cited 

176 times)

Ø Standardized preprocessing pipeline

Ø Statistical toolbox

Ø Platform for data sharing
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Peer Evaluation

25
Seiji Ogawa

Inventor of fMRI BOLD

Cited by 1532 times, ESI Top 1‰ top cited paper and hot paper
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DPARSF
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Data Organization

ProcessingDemoData.zip

FunRaw
Sub_001
Sub_002
Sub_003

T1Raw
Sub_001

Sub_002

Sub_003

Functional DICOM data

Structural DICOM data
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DPARSF
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Resting State 
fMRI Data 
Processing

Template Parameters
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DPABI
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Yan et al., 2016. Neuroinformatics

ESI Top 0.1% Highly Cited Paper
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DPABISurf
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DPABISurf

30Yan et al., 2021. Science Bulletin
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DPABISurf
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DPABINet
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DPABINet
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DPABINet
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DPABINet
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35

DPABINet
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Future Directions

• R-fMRI methodology

•Mechanism of R-fMRI: electrophysiology/fMRI 

recording

•Modulation and intervention: medication and 

brain stimulation

•Application to brain disorders
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Further Help

http://rfmri.org/Course

http://rfmri.org/wiki

The R-fMRI Journal Club

Official Account: RFMRILab
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