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Understanding the mechanisms behind human brain functions is nowadays defined as crucial to treat many of the most 

complex neurological diseases. There are numerous disorders that still don’t have a cure: not only neurodegenerative 

disorders, like Alzheimer’s (AD) and Parkinson’s disease (PD), but also auto-immune ones, like Amyotrophic Lateral 

Sclerosis (ALS) and Diabetes.  

Moreover, mood illnesses like 

Depression (DD) and Bipolar 

Disorders (BD) often are not 

diagnosed rapidly and with 

precision.  

It is proved that patients affected 

by these conditions have different 

brain mechanisms with respect to 

healthy people. In particular, 

different brain areas are 

connected (or better, 

synchronized) in different 

moments. Functional Connectivity 

(FC) Analysis is inserted in this context. It tries to quantify these synchronizations in terms of the temporal coincidence of 

spatially distant neurophysiological events (Friston, 1994). 

It is possible to use data from different sources to assess FC, from temporal series data like Electroencephalogram (EEG) 

or Magnetoencephalogram (MEG), to image data like functional Magnet Resonance Images (fMRI). It is also possible to 

combine both data sources to acquire more information. 

                             

         

  

  

 

 

 

 
 
 
 
  
 
  

                                

                             

         

 

   

 

   

 

 
 
 
 
  
 
 
 

                      

                             

         

  

  

 

 

 

 
 
 
 
 
  
  
 

                   

• Since brain is extremely complex, how is it possible to identify and quantify (in the least invasive way) the activities that 

regulate its processes?  

• The use of surface EEG data, for example, let us obtain information about the overall tasks performed by the brain with 

minimal discomfort by the subjects. However, the signals obtained are generally very noisy due to various reasons: 

volume conduction problems, common sources, independent electromagnetic noise added in the signal, etc… How 

could we lower the noise interferences without losing useful information? 

• FC analysis makes use of 

mathematical methods to assess 

some relationships between 

different signals (generated in 

spatially distant sites). Which are 

the most informative methods that 

could capture these relationships? 

• There are tons of methods that 

could be used to assess FC, each 

one with its own peculiarities, pros 

and cons. For example, it is known 

that linear methods, like Cross-

Correlation (CC), Coherence (C), 

Granger Causality (GC), are more 

robust to noise and simpler with 

respect to non-linear ones. 

However they could be used only 

with the hypothesis of linearity 

which is often not applicable in a 

non-linear signal like the EEG. In 

which circumstances is it possible 

to consider linear the sources? 

• Generally, there are many 

electrodes from which data is 

recorded (with EEG data, N ~= 30-

128), and metrics are generally 

calculated for each couple of 

signals, generating a great number of values (~1000-10000 values) storable as an adjacency matrix. Thus, it is possible 

to view the problem with a graph theory approach, but, since the number of nodes is high and the graph is initially a 

clique, how could it be visualized in a useful way? How could the adjacency matrix be thresholded to maintain only the 

useful connections, discarding the noise? 

• An intelligent way to represent and analyse a graph is to assess topological properties of the graph using indices from 

graph theory. However, the number of indices that could be evaluated is huge: which are the best informative indices 

that could be used to understand the mechanisms behind the brain connectome? Data visualization is fundamental.  
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• Applications of new methods for the assessment of functional connectivity 

• Use of algorithms generally not applied in neuroscience field (Biogeography-Based Optimization Algorithm for 

spike detection) with good results 

• Automatic detection of significant structures on EEG signal for encephalitis patients (Slow Biphasic Complexes) 

• Exploration of the changes of brain connectivity patterns in proximity of focal events for epileptic patients  

• Training of machine learning classifiers with FC topological indices as features to evaluate the severity of a 

disease (e.g, epileptic patients) 

       

                    
            

            

              

          

                   

              
           

                   

   

     

       

         

     

    

 

 

 

     

         

 
 

                    

     

    

    

  

  

• Pre-processing of data 

o  isual deletion o  “bad data” 

o Downsampling (if data were oversampled considering the bandwidth of interest) 
o Filtering in a proper frequency band (to extract a specific EEG rhythm) 

o Automatic deletion o  “bad data” based on some criteria (e.g, in EEG, std of noise over a threshold for a number 

of consecutive seconds) 

• Splitting data into epochs 

• Processing  
o FC Metric(s) 

evaluation 

o Adjacency matrix 

construction  

o Thresholding 

o Topological 

indices evaluation 

• Statistical Analysis 
o Evaluation of 

statistical 

similarities and 

differences using 

proper statistical 

tests 

• Visualization 

o Graph visualization 

o Topological indices visualization 

• Results interpretation 

                                      

                                 
 

  

  

  
           

                                 
 

 

  

  
        

• Exploration of new FC metrics, in particular multi-variate ones 

• Application of source localization techniques on EEG data to reduce the effect of common sources 

• Focus on adjacency matrix thresholding problem 

• Extension of FC analysis on new fields 

• Application of FC techniques to define the efficacy of a new treatment (e.g, trans-cranial stimulation, drug 

treatment, psychological therapy, etc…) 

• Integration of data from multiple acquisition devices (e.g, fMRI) to gain more information about connectivity  

• Study of neuro-stimolation effects on connectivity (e.g, trans-cranial magnetic stimulation) and implementation 

of feedback mechanisms to enhance positive effects 
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