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Heraclitus, (535-475 BCE)
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From                                                            From                                                            
the multichannel  MEG signal                                    the multichannel  MEG signal                                    
to                                                              to                                                              
tomographic estimates of  brain activitytomographic estimates of  brain activity
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- 3 different runs of pattern reversal stimulation (1.43 Hz)  
& 1 subject baseline run were recorded 

- for each run, 240 trials were recorded, with 625 Hz s.f.   
using the 151-channel whole-head Omega biomagnetometer. 

- 3rd gradient formation,  band-pass filter : 1-120 Hz,                                                         
powerline removal,  cardiac artifact elimination.  

- trials were extracted :  -100 to 200 msec                                            
and those without eye related activity were selected.           
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ResultsResults

The Virtual Sensor design                      

from the averaged MEG signal (4.5o-run)

Feature extraction based                             
on the N70m latency-range                        



Based on the single-trial snapshots of regional brain activity   
corresponding to the N70m-related latency-range                     
the response variability was described                          
using a VectorVector--QuantizationQuantization scheme.





 The design of the encoder





 The application of the encoder

the brain waves captured by the Virtual Sensor       
mainly reflect the dynamic behavior of the generators
responsible for the formation of the averaged N70m-peak

The design of the encoder ( from the 4.5o run, k=10 )  



The application of the encoder (to all runs )



Visualizing  the VQ results

i.  By computing a 2D representation of the designed codebook  and 
ii. depicting graphically the distribution of N70m snapshots in the k=10 groups 
with the node size    



The codebook could be kept fixed across the different  runs



The Voronoi-regions        
were populated 
in a stimulus-size-dependent manner



By within-group averaging,
prototypes of regional brain activity were formed. 
The computed prototypes of evoked response were compared with each other 
and contrasted with the ensemble average
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transient response 
vs. 

oscillatory activity

Distinct response modes ?



Using two signal descriptors :
the time-varying energy& the inter-trial synchronization

expressing amplitude-modulationand phase-modulationaccordingly, 
we provided a within-group characterization of the evoked response  





A highly adaptive system 
is stimulated

Within a run the response mode changes : 

from 
stimulus-locked increase in the energy(10) 

to 
phase-resettingof the ongoing regional activity  (5)

….. And stimulus-induceddesynchronization

… or Enhancementof the ongoing rhythmic activity



TrialTrial --toto--trial nontrial non--stationaritystationarity

is the transition between successive responses
a stochastic process ?



A Markovian Analysis
of evoked response succession
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The Transition Matrix was computed for each run 
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which are the generators 
of N70m-response variability ?

We applied the  k-partition to the corresponding single-trial estimates          
of current source density produced by tomographic analysis (MFT)

and 

we computed spatiotemporal prototypes of localized brain activity           
(MFT-based prototypes)



The k-partition was the “thread”
connecting the MEG-signal 
with the tomographic estimates
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By visual exploration 
of MFT-based prototypes  :



Is there any relationship 
between N70m-response variability
and activity in early visual areas ?

Studying functional covariation
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The k-partition constitutes 
a valid description of single-trial variability, 

in the post-stimulus period, for the acv-curves



averaged signal 
vs.

single-trial signals

- Bridging the gab,  by means of subaveraging

- The average can be modeled                                    
as weighted average of the VQ-based prototypes





This kind of modeling is informative 
for describing the variability in a set of responses       
only if the formed subaverages are different from each other

����
if the groups of single-trials 
are forming compact, well-separated clusters

Normalized scattering

random partition ��� � 1



The k-partition                                                       
which had been computed from the N70m-snapshots                 
was applied to the regional and local responses.

The induced-grouping was validated, using the nSC-index,             
for both the set of responses.  

We can consider the computed nSc-curve                                                         
as the “autocorrelation” function of the N70m-variabili ty
for the Virtual-Sensor signals

& 

as the “transfer function” showing how/if the N70m-variability 
manifests itself in the set of V1-ROI signals.
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Distinct response dynamics                
are fused into one single timecourse    
by ensemble-averaging



There is a loss of information;
which can be restored

by VQ-based grouping 



Validation of the k-partition for the multichannel MEG signal

Directed / Supervised Directed / Supervised 
Data MiningData Mining



Concluding  Concluding  
RemarksRemarks
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Discussion  Discussion  
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“ The concepts I understand are great, 
but I believe that the concepts I can’t understand are great too. 
However, the reader needs to be an excellent swimmer 
like those from Dilos, so not to be drown from  this   (code)book ”.

- Socrates

-- Ordered codeOrdered code--book.book.
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