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TMS: Non-invasive Neural Stimulation

Electromagnetic “wand” applied to the scalp.
  - Pulse occurs on the ~1 ms time scale
  - Induces activity in ~ 1 cm3  of cortex 
  - Activity returns to baseline in < 500 ms 
     
Neurostimulation has been empirically 
shown to have significant impact on 
cognitive processes (memory, executive 
function, task learning) and clinical 
applications (traumatic brain injury, aphasia, 
physical therapy).



  



  

EEG: High-Speed Neural Activity Recording 

Electrodes applied to the scalp
   - Usually 32 or 64 channels
   - Can be integrated with TMS
   
EEG is inexpensive, minimally 
invasive and in widespread use in 
both clinical and experimental 
contexts.



  

What does the data look like?
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Current Methodology

There aren’t many options:

    - Event Related Potentials
    - Fourier Analysis
    - Granger Causality
    - Structural Equation Modeling (and various modifications)

Outside of ERP, these all suffer from assumptions of stationarity, 
linearity, and Gaussian noise, all of which are (very) false in this 
setting.
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New Ideas Needed!

Think of this multichannel EEG data as a time series in      .

Numerical measurements of time series are just (zero-)cochains  
and we’re in luck, as algebraic topologists have already done a lot 
of hard work for us – and this work is currently being leveraged 
elsewhere!
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Level 2 Signatures
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Lévy Area Lead Coefficient
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What do we see in the data?



  

What do we see in the data?

right prefrontal 
        cortex

right posterior 
parietal cortex

right motor 
    cortex
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Thanks!
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