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Roadmap of Discussion

> Biological Neurons & Neuron Clusters

> Electroencephalography (EEG) b

> Quantitative EEG (qEEG)

> Spectral Analysis

> Preprocessing -

> Feature Extraction Aequred 10/10/2015
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..........................................................................................................................



Big Picture of quantitative Electroencephalography
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Application



What kind of applications can

you imagine with neural
ig?

Credit: Neuroelectrics.com
Acquired: 9/24/2019



Neuromedical Applications

— Addiction

— ADHD/ADD

— Alzheimer's/Dementia
— Autism

— Neural Prosthetics/Robotics for
Amputees/Paraplegics

— Neurofeedback/Neurostim

— Medication Reduction (Pharmaco-EEG)
— Post Traumatic Stress Disorder (PTSD)
— Seizure Disorder

— Sleep Therapy

— Traumatic Brain Injury (TBI)
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Biological Neurons

Simplified Model of Human
Neuron

Axon
Dendrites

Credit: Mayo Clinic
Acquired: 9/24/2019
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Biological Neurons

Simplified Model of Human
Neuron

Axon
Dendrites

Credit: Mayo Clinic
Acquired: 9/24/2019

Action Potentials:

More Sodium Channels
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Credit: neuroscience.washington.edu
Acquired: 9/24/2019
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Neuronal Clusters — Spectral Visualization

Credit: Johns Hopkins
Acquired: 9/24/2019




Neuronal Clusters — “Firing”

Credit: Laboratory for Topology and Neuroscience, Brain Mind
Institute, Switzerland
Acquired: 9/24/2019
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Human Brain Animation

Credit: University of California at San Francisco Neuroscience
Acquired: 9/24/2019
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“Some” Brain Structure & Function

Motor Area:
* Regulation of Voluntary Movement

Sensory Area:
Processing of Data Received from the Senses
(Touch, Taste, Sight, Smell, Hearing)

Frontal Lobe: Parietal Lobe:
* Executive Functioning o FS’ensatl:?n
* Reasonin, * Perception
* Memory . « Integration of Sensory & Visual Input
*Problem Solving *Body A.wareness
*Judgment :i;ttentlon
*Planning nguage
* Initiation
* Movement Occipital Lobe:
*Concentration *Vision

ibiti * Perception
e Wernicke’s Area: P
*Impulse Control 2

« Behavioral, Attentional * Language Comprehension

& Emotional Regulation

RSO Cerebellum:
Temporal Lobe: *Posture
*Emotions *Balance
Broca’s Area: *Hearing 'C.oordlnation of Movement
*Speech * Auditory Processing Brain Stem: *Fine Muscle Control
* Language Production  Language Processing (Receptive) ¢ Consciousness
¢ Memory (Long-Term) +Breathing
*Heart Rate
*Swallowing
Credit: Dr. Roseann Capanna-Hodge & Associates -
drroseann.com
Acquired: 9/28/2019



Electroencephalography (EEG) Concept

EEG is an electrophysiological monitoring
method to noninvasively record the brain’s
electrical activity over a period of time.

&

EEG electrodes

EEG measures voltage fluctuations resulting
from ionic current within the neurons of the
brain.

Internal electrical signals (millivolt) become

e e, diffuse and scatter through neural tissue and
the skull to be observed as external signals
(microvolt).
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EEG Time-series Data Visualization
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But we want computers to see

things that humans can't




Quantitative Electroencephalography (QEEG)
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Quantitative EEG (QEEG) makes use of
quantitative techniques to analyze EEG
characteristics such as frequency,
amplitude, coherence, power, phase, and
symmetry over time independently or in
combination.]

Credit: Neuroelectrics.com
Acquired: 9/24/2019
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EEG Neural Oscillations — Colloquially

Comparison of EEG Bands Neural Oscillations are rhythmic or repetitive
MWMWMMWA/U\WMWWM patterns of neural activity in neural tissue that
s el correspond to dominant frequency bands in

oAl the neuroimaging datal?.

Beta: 12-30 Hz

SVAVATATSAVI

Alpha: 8-12 Hz

wv\/\/v

Theta: 4-7 Hz

\%&

Delta: 0-4 Hz

Credit: Neurosky.com
Acquired: 9/24/2019




EEG Data Preprocessing

Goal:
Increase Data Quality

..........................................................
..........................................................

Temporal Filtering

- (Resting State vs Visually Evoked Potential)
Down sampling (Nyquist Theorem)
Artifact Detection

- Electrode Interpolation

- Independent Component Analysis
Spatial Filtering

- Principle Component Analysis

- Surface Laplacian
Artifact Epoch Removal (Noise)

- Blink, Sneeze, Movement, etc

..................................................................
...............................................................



Source Reconstruction

- Trying to find brain areas responsible Goal.
for EEG waves of interest. Increase Feature Space

- Forward Problem: Solved by starting
from given electrical sources and
calculating the electric potentials.!”!

- Inverse Problem: Identifying the source
of a given surface field potential.!®

Credit: laxtha.com
Acquired: 9/30/2019
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Feature Extraction

- Mutual Information

- Granger Prediction

- Deep Learning CNNs

- Non-linear Dynamics (Chaos Theory)

- Graph Theory

............................................................................................................................
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Quantitative Electroencephalography (QEEG)

EEG qEEG
: Digitized
Signal Signals Source Featu_re
Amplification & - Preprocessing Reconstruction -{ Extraction/
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