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EEG Fundamentals



Brain Features
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Brain Wave Recordings

• Recorded extra-cellularly from scalp 
(EEG)

• Recorded extra-cellularly from surface of 
cortex (ECOG)

• Recorded extra-cellularly from deep 
structures (electroneurogram)
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Overview (EEG)
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Source of EEG Signal

• Only cerebral cortex contributes to ambient EEG
• Organized vertically in 6 layers (I to VI)
• Includes about 1010 neurons 
• Individual action potentials travelling along neuron axons 

are too small to be measured on scalp
• Each neuron has 10’s of thousands of synapse at its 

dendrites which are usually horizontally aligned
• Inward +ve current flow at excitatory synapses (EPSP)
• Outward +ve current flow at inhibitory synapses (IPSP)
• Viewed as current dipoles
• Sum of these flows creates synaptic fields
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Cortical Contributions
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EEG Subfields
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Neuronal Connections
• Most connections are short < 1mm
• Long distance pathways also exist  (1 to 

15 cm)
• Two hemispheres connected through 

corpus callosum 108 fibres
• Transmission times could be as little as 1  

ms for short connections or 3 – 10 ms for 
longer.
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Cortical Fibres



Diffusion Tensor Imaging
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Alpha Predominance
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Clinical Applications (Spontaneous EEG)

• Identify presence of lesions (historical)
• Diagnosis and monitoring of epilepsy 

(seizures)
• Sleep staging
• Estimation of depth of anesthesia
• Other organic brain disease
• Neuropsychiatry (depression, 

schizophrenia, Altzheimer)
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Structural Relationships
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Cell Assemblies

• Can exist at different spatial scales and are 
dynamic

• Smallest are minicolumns .03 mm radius, 3 mm 
high and containing 100 pyramidal cells with 106

synapses
• If 10% of synapses active at any time and there 

are 60 X 106 neurons (6 cm2 of surface) they can 
produce a few μvolts at scalp.

• Cell assemblies are mini to macro columns and 
change size depending on brain state
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Development of EEG Signal

• The time varying cortical surface potential 
Φ(r1,t) at location r1

• Φ(r1,t) ≈ C1 Ψi(r1,t) – C2 Ψe(r1,t)  where the 
Ψi are current sources and Ψe are current 
sinks, C1 and C2 are determined by 
distribution and volume conduction 
properties

• V(r1 ,r2 ,t) = Φ(r1,t) - Φ(r2,t) is the 
differentially recorded EEG 
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The EEG Signal
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Basic Assumptions

• Sources are ideal current sources
• Current carriers +ve and –ve ions
• Volume conductor can be considered 

resistive at physiological frequencies
• Tissue in head is inhomogeneous and 

anisotropic
• Tissue at macroscopic scale can be 

considered linear so we can use principal 
of superposition
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Instrumentation (EEG Electrodes) 
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Cortical Electrodes
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Amplifier Connections
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Evoked and Event Related Potentials

• Spontaneous recording (1 – 70 Hz), Fs = 200 Hz

• Evoked and Event Related (1 – 2500 Hz), Fs 
200 to 50 kHz

Brain
EEG
Recordings

Brain
EEG
Recordings



Brain Stem Auditory Evoked Potential 
BSAEP Signal Pathway
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Complete Auditory Potential



Computer Processing of BSAEP
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• Clicks are sent to the ear at a selected db level at 10 Hz rate
• Each click causes a response in the auditory pathway. The 

sequence of responses, yi ,are recorded by the electrode at the 
vertex (top of the head) with low amplitude because brainstem and 
upper spinal cord are deep in the head.  The evoked responses are 
in 100`s of nV to μV range with Bandwidth 100 to 2500 Hz

Click 1

2
3
4

J=1 J=k

Averaging



Synchronous Averaging
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Synchronous Averaging (cont`d)

• This a very reliable method of noise reduction but is not efficient.  
For the BSAEP with noisy amplifiers, the clinical standard is 2048 
clicks, but that allows one to analyze signals < 1 μV

• If the noise has a Gaussian distribution, SNR improves with √n, i.e 
increases by a factor of ≈ 45

• If a noise spike occurs such as for movement or a muscle twitch, the 
amplitude of some samples in yi will be several orders of magnitude 
larger than the background noise, requiring n to be much larger to 
eliminate this noise.

• The most efficient method is to have a threshold detector (hardware 
or software) which rejects any yi that exceeds the threshold before 
adding it to the sum.

• Modern instrumentation amplifiers such as the LT1920 have much 
lower noise, so n can be reduced from 2048 for the BSAEP  
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rTMS: Repetitive Trans-Cranial 
Magnetic Stimulation

• Treat severely depressed patients who are 
resistant to pharmacology

• Alternative is periodic applications of 
electro-shock (ECT) treatment

• 30% of patients respond
• Would like to increase percentage of 

responders
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Current Commercial Machines

• Example Magstim
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Stimulus Waveforms
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Magnetic Field

Source: Medtronic, 2004

Source: Medtronic, 2004

Source: Medtronic, 2004
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Research Challenges (Objectives)

• Develop quantitative method for predicting 
which patients will respond to rTMS (use 
pre treatment EEG parameters, QEEG) 

• Develop quantitative method for 
determining best site of stimulation

• Determine effects of changing stimulus 
amplitude and frequency
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Left Side vs Right side Stimulation 

• Only analyzing response in bandwidth 250 Hz  -
2 KHz for short latency responses

• Series 1 is left side stimulation at 10 Hz for 8 sec 
at 110% MT

• Series 2 is right side stimulation at 1 Hz for 60 
sec at 110% MT

• Ratio is True/Sham Response (avg signal power 
in 7.4 – 30 ms window) for left

• Right ratio corrected for residual background 
activity 
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Sham Response to rTMS “Clicks”
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Muscle Responses during 10 Hz Left-sided Stimulation



Results of Day 2 Position Study (Typical 
Subject)
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Using Digital Filtering
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Using Wavelet Denoising
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Brain Response for Sensitive Subject
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Wavelet Denoised Response
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Right side 1 Hz Response
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Right Side Denoised Response
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