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For Today

* Overview of (digital) signal processing methods in brain-computer interfaces
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Feature: property of a signal that is precisely characterized, modulated by users, and correlated with intent
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Common Average Referencing
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Common Average Referencing
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Michigan array (16 channels)
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Voltage (uVv)

Common Average Referencin
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Filtering
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Past inputs Past outputs
Finite impulse response: An input sample affects the output only for the duration (order) of the filter

Infinite impulse response: Long-term impact of inputs through output feedback
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Filtering
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Filtering
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Fast Fourier Transform (FFT)
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Fast Fourier Transform (FFT)




Fast Fourier Transform (FFT)




Fast Fourier Transform (FFT)
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Cross-Correlation
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Cross-Correlation
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Support Vector Machine (SVM)
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Kalman Filter
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Measurements Xppq = Axp + W, Yt | Kalman | *t
__9 . ‘)
R R R Ve = Cxp + vy Filter
O Brain X;: estimate of state

P: Cov(x;)

X¢: intent
W¢: process noise

X = (A+ LC)Xy — Ly,

V¢ measurement
V¢ measurement noise

L, =—-A%.CT(Cz.CT +V)?!

i1 = A+ LOT AT +W

X, co-variance of x;
V co-variance of v;
W co-variance of w;
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A Few More
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Some pre-processing steps

Other pre-processing methods
are quite complex

E.g., Principal Component Analysis
E.g., Spike sorting

Other time-frequency feature extraction methods

E.g., Wavelets

Other similarity methods

E.g., Dynamic time warping

Other decision-making methods

E.g., Neural networks
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Jose Delgado’s video: Online, various sources (CNN, Youtube)
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Code snippet inspiration: ECE 252 slides at Duke (Dan Sorin et al.)
Apple processor pipeline: https://dougallj.github.io/applecpu/firestorm.html
BCI Processing, Digitization, Filtering, FFT: Brain—Computer Interfaces: Principles and Practice, Ed: Jonathan Wolpaw and Elizabeth Winter Wolpaw
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