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fMRI EEG/MEG

• Indirect signal

• Non-neural physiological influences 
(e.g Vascular properties, respiration)

• Low temporal resolution

• Spatial smoothing in fMRI 
preprocessing

• Possible inhomogeneity and 
instationarity of the hemodynamic 
response

• Limited number of sensors, 
incomplete coverage

• Physiological artifacts and 
environmental noise

• Volume conduction
• Different sensitivity to 

deep/shallow or radial/tangential 
source

• Reference effect in the EEG



MEG VS hDEEG
Dense array EEG provide similar Network analysis result as 
MEG, but more suitable to clinical bedside

MEG



Types of Connectivity

• Structure connectivity 
anatomical connections

• Functional connectivity
Statistical correlations between activity in different brain regions

• Effective connectivity
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Coherence(Rosenberg 1989)

||

Coherence-the frequency domain 
equivalent to 
the time domain cross-correlation 
function 
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Cross Spectrum

Coherency

Coherence



Network analysis to evaluate result after 
stroke （Jennifer Wu, 2015）

Connectivity measure 
are robust biomarker 
of cortical function and 
plasticity after stroke



PLV and PLS（ Jean 1999）

Jean(Laboratoire de Neuroscience congnitives et Imagerie ):

• Unlike the more traditional method of spectral coherence, PLS separates the
phase and amplitude components and can be directly interpreted in the 
framework of neural integration.

• We also apply PLS to investigate intracortical recordings from an epileptic patient 
performing a visual discrimination task. We find large-scale synchronies in the 
gamma band (45 Hz), e.g., between hippocampus and frontal gyrus, and local 
synchronies,within a limbic region, a few cm apart. 

• We argue that whereas long-scale effects do reflect cognitive processing,short-
scale synchronies are likely to be due to volume conduction.



Why not Coherence

1. Coherence can only be applied to stationary signals

2. Coherence does not specifically quantify phase-relationships



Phase synchronization

Induced VS evoked potential

reasonable neural explanation



PLV and PLS（ Jean 1999）

• Step 1. band-pass filter

• Step2 . Wavelet convolution

• Step3 PLV



Autism classification from EEG-based network

Autism classification using network and 
machine learning



Neural Connectivity pattern predict Autism

electroencephalography 
measures of neural 
connectivity at 3 months 
of age predict autism 
symptoms at 18 months



Volume condution
• The problem of volume-conduction is especially large 
for scalp EEG and MEG data, because of their low
• spatial resolution.



Perfect synchronization

Synchronization with
time lag

No Synchronization



Common reference

• Mathematically similarly, for EEG one always needs a reference. If 
this reference is the same for the electrode pairs being studied, it can 
contribute significantly to the coherence, and thus, relative power 
changes may also affect coherencies without reflecting a change in 
coupling (Fein et al., 1988; Florian et al., 1998 ).



solution

• 1 inverse solution

• 2 Laplacian

• 3 parameters not sensitive to VC and Ref



Imaginary part of coherency

• Nolte(2004, Human Motor 
Control Section, NINDS, NIH,)

:The main obstacle in interpreting EEG/MEG 
data in terms of brain connectivity is the 
fact that because of volume conduction,the
activity of a single brain source can be 
observed in many channels. Here, we 
present an approach which is insensitive to 
false connectivity arising from volume 
conduction.



IMC(Imaginary part of coherency)

Coherency

Imaginationay part 



PLI(stam 2007)

• The major aim of introducing the PLI is to obtain reliable estimates of 
phase synchronization that are invariant against the presence of 
common sources (volume conduction and/or active reference 
electrodes in the case of EEG). the central idea is to discard phase 
differences that center around 0.



PLI(stam 2007)

• To address the problem of volume conduction and 
active reference electrodes in the assessment of 
functional connectivity, we propose a novel measure 
to quantify phase synchronization, the phase lag 
index (PLI), and compare its performance to the well-
known phase coherence (PLV), and to the imaginary 
component of coherency (ImC).

• PLI and Plv were more sensitive than ImC to 
increasing levels of true synchronization in the model

• The PLI performed at least as well as the PLV in 
detecting true changes in synchronization in model
and real data but, at the same token and like-wise the 
ImC, it was much less affected by the influence of 
common sources and active reference electrodes







Wpli and dwpli(Vinck 2011)

• (i) the presence of a common reference,
• (ii) volume-conduction of source activity, 
• (iii) the presence of noise sources, and
• (iv) sample-size bias.

Bias related to difference in sample size





Bedside detect conscious level

alpha network metrics were good at 
distinguishing UWS versus MCS patients, 
relative delta band power averaged over all 
channels was very good at discriminating 
MCS from MCS + patients 
delta network centrality 
predicts outcomes

Mohawk software(only support EGI format)
Does not support lower than 128ch



• Phase Slope Index（Nolte 2008, directed）
• Partial coherence（Rosenberg 1998）
• Pearson,Spearman
• Partial correlation
• …..



Real part of coherence-COH

Connectivity analysis to 
TMS-EEG study



NETWORK MODEL BASED ON ‘PDI’  for AD and MCI patients
Alzheimer’s disease (AD) is a neurodegener
ative disorder that causes a loss of connections 
between neurons. The goal of this paper is to construct 
a complex network model of the brain-electrical activity, 
using 
high-density EEG (HD-EEG) recordings, and to compare 
the network organization in AD, mild cognitive impaired 
(MCI), and healthy control (CNT) subjects



Laplacian transform
• For EEG data with a spatially dense, controlled arrangement of electrode 

positions, the problem of a common reference can be addressed by 
computing local Laplacians (i.e., second derivatives of raw potentials), 
also known as current–source–density analysis. This approach in essence 
removes the effect of a common reference (Nunez and Srinivasan 
(2006)).



Accuracy of surface Laplacian

• In general, having more electrodes is 
better. Sixty-four electrodes is a 
reasonable minimum, and > 100 
electrodes will provide more 
accurate results

• use individual skull shape and 
precise electrode positions to 
improve the accuracy of surface 
Laplacian



Source VS Sensor

• sensor level (No) à Source Level (Yes)

• sensor level (No) à Source Level (Yes)

• Low spatial resolution(No) à dense array EEG (Yes)

The future



CHRISTOPH M. MICHEL

日内瓦大学教授，脑成像团队负责人

• 大脑研究领域殿堂级研究者，脑功能研究如脑成像诸多理论
奠基人，在大脑研究领域如语言，记忆，神经基础理论均有涉及。
最早提出大脑脑成像概念的学者之一，主张利用高密度脑电，并
结合核磁，MEG等对大脑进行脑成像研究。在临床上是癫痫溯源
理论的奠基人和开拓者。

• 作为脑成像理论的推动者，其对溯源理论的推动影响巨大。
其于03年编著的《脑成像技术》综述被视为溯源圣经。其于93年
提出的 LORETA等算法是脑电溯源技术的基础之一，是各类开源
软件和商业软件的算法基础，影响了之后三十年的脑电系统和软
件的开发。直到目前很多团队仍将掌握LORETA算法使用作为高
精尖技术自居。其开发的cartool软件被认为是研究目前热门方法
microstate的最好工具。

• 作为nature, brain等高水平杂志的常客，Michel及其领导的
团队实力雄厚，团队里教授，副教授人员众多，拥有核磁，MEG，
高密度脑电等脑认知领域所有研究工具。目前致力于将基于高密
度脑电的脑网络技术应用于癫痫研究。
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Accuracy of Source Localization(Michel 2003)

• Enough number of Electrodes

• Even distribution of elecctrodes

• Accurage electrode position

• Algorithem(Loreta, Sloreta, MN…)

• Individual head model



EEG source connectiviry（ Hassan ）
《IEEE Signal Processing Magazine》

Talk in detail in what needed in EEG 
source connectiviry analysis and its 
application in clinical area.



高密度脑电到脑网络



Network，microstate，source



Depression
Network is a biomarker of Depression。



Zero phase connectivity_C M.Michel
the relevance of  simultaneous zero-lag synchronization between brain areas in 
humans remains largely unexplored. 

This negligence is due to the confound of volume conductionquasi

zero-phase related EEG source fluctuations are physiologically meaningful if 
spatial leakage is considered appropriately



Conscious_AEC VS wPLI

AEC has better 
sensitivity than 
WPLI

Source level 
analysis



Source level emotion



Function connectivity in language study

• Findings suggest that resting state EEG 
network modularity is likely to serve as 
a reasonable, reliable, and cost-
effective neural marker of the 
development of first language but not 
second language literacy skills.


