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Origins of EEG signal

• Electroencephalography, EEG 

• Source: various neuron based processes
• Electrical and chemical

Action potential

Neurotransmitters

Post synaptic potential



Origins of EEG signal
Billions of neurons all electrically active… what does the EEG measure?

• Post-synaptic potential

• Synchronicity

• 1% of cells in 1x1 square mm area in synchrony create 96% of the
signal

• Deep, thalamic structures create rythmic activity

• Interconnected cells might fire in sync for other reasons



Origin of EEG signal

Mouse cortical cells



Measuring EEG

• Voltage

• Always between two points: reference and 
active electrode

• EEG-electrodes
• Metal (Silver, silver-chloride, gold, tin…)

• Different designs (Caps, needles, screws, plates,…)

Gold (Au)

Tin



Measuring EEG

• Mainly from scalp surface

• Also Subcortical recordings
• Neurosurgery monitoring, 

• Advanced epilepsy diagnostics

Skull attenuates 90% of the signal



From 21 up to 500 electrodes

10-20 system for finding locations: 10 or 20% measured from the
key locations from nasion and inion



Measuring EEG

• Good quality measurement requires
1. Good contact between electrode and skin

Impedance

Scratching the epidermis

Preparing with conductive gel

2. Good quality amplifier

3. Proper choice of reference

4. Noise cancellation strategies
Amplifier

Electrodes
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Amplifiers

• Differential amplifiers amplify difference only
• Common noise is cancelled out

• Leads have different EM 
environmentalso
noise gets amplified

Twisting leads together helps



What does the signal look like?

• Amplitude few tens of microvolts

• Frequency spectrum typically under 30 Hz



Normal EEG eyes closed

alpha

Blinking



Abnormal EEG (or a baby…) Muscle artifact from crying



Electrode montages

• Montage – between which two electrodes you measure voltage



• Front-to-back: banana

• Ear-to-ear: transversal



Doctors look a different montages to get
an overview of the signal



• Gamma 30 – 70 Hz

• Beta 12 – 30 Hz

• Alpha 8 – 12 Hz

• Theta 4 – 8 Hz

• Delta 0 – 4 Hz





EEG pros and cons

+
• Time resolution in 

milliseconds

• Cheap and portable

• Tolerates movement

• Functional information

-

• Spatial resolution poor

• No anatomical information

• Artifacts and noise



Artifacts

• Noise and physiological events that or not under investigation
• Ocular
• Muscle
• Cardiac

• Pacemakers
• Normal heart function (mechanical and electrical) 

• Electrode artifacts
• Movement of leads
• Mixing materials
• Salt bridges

• EM noise







From Dr. S. Marella



To finish…

Signal processing is about getting rid of the unwanted artifacts and 
obtaining useful information from the measured signal

EEG measurement requires skill in order to obtain reliable signal with
as good quality as possible

Diagnostic and experimental uses for the signal, for example Brain 
computer interface for prosthetic arms


