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Envelope of the imaginary coherence 
can identify EEG/MEG functional 

connectivity in sensor space 



Functional connectivity in EEG/MEG 

Involved several coherence based methods (e.g. iCOH, lagged 
coherence lCOH, phase lag index PLI, wPLI) 



Issues and limitations 

•  Field spreading of potential – volume conduction problem 
•  Biased estimation of source fields and poor separation of 

mixed signals 
•  Only imaginary part of coherence measure used – 

connectivity with 0 or π-phase interaction 
•  Models not tested realistically – linear or only 2 ROIs 
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Envelope of the imaginary 
coherence (EIC) approach 
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•  y(t) simulated as a filtered white Gaussian noise for a frequency of 
interest (15.625 or 1000/64 Hz), while x(t)~y(t–lag) is its delayed 
version (Gross et al. 2001) 

•  Signals are mixed in u(t) and v(t) and noise is added 
•  FC is assessed from u(t) and v(t) using iCOH and EIC 

A simple example 
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Signal generation models 
Use multivariate autoregressive models or (stochastic, 
nonlinear) neural mass models, with 3 and 5 ROIs, and 
transmission delays 



Signal generation models 
Map activities of models onto Elekta-Neuromag 102 
magnetometers positions (Fieldtrip) 

Caudal 

Rostral 

Right Left 
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Codes available in Supplementary Material at journal’s website 



Conclusions 
•  EIC recovers real part of coherence 

•  EIC could account for 0 or π-phase interactions 
(>=2.0 Hz bandwidths) 

•  Used more realistic forward models to test 
coherence measures 

•  EIC and iCOH outperformed other methods in 
identifying FC, while complementing each other 



Ongoing work – source level 
iCOH   PLI   wPLI   EIC 
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EIC complements iCOH and both outperform 
other coherence measures (3 ROIs) 



EIC complements iCOH and both outperform 
other coherence measures (5 ROIs) 


