
96. Recording and evaluation of electrical biopotentials 

97. Biofeedback basis and possibilities of use

http://www.lfhk.cuni.cz/patfyz/otazky.html



Seminar outline

• Fourier Transformation – time vs. frequency domain

• Types of signal

• A/D conversion – signal sampling

• Signal processing – filtering

• Signal artefacts

• Biofeedback



What is a signal?

a- Bulgarian rock band

b- traffic light

c- time- or spatial-varying quantity

d- toothpaste



• signal is any time- or spatial- varying quantity 

• signal carries an information

• signal is a function of dependent and independent 
variables (time, distance, position, temperature, 
pressure, etc.)

• biosignal is a signal that can be measured and 
monitored from biological beings

What is a signal?



Voltage Frequency Electrodes

ECG ∼ 100 mV < 150 (500) Hz surface

EEG ∼ 101 μV < 80 Hz surface

ERP, EP 100 ÷ 101 μV < 103 Hz surface

ECoG < 100 mV < 100 Hz cortical surface

EMG < 100 mV < 5 kHz surface, needles

EGG ~ 102 μV < 2 Hz surface

EOG < 101 mV < 100 Hz surface

ENyG < 101 mV < 100 Hz surface

ERG ~ 102 μV < 50 Hz surface



Fourier Transformation
Time vs. frequency domain



Jeane Baptiste Joseph Fourier 
(*1768 +1830 )

Representation of signal as a linear combination of basis signals

1807 worked on heat conduction and 
formulated Fourier analysis, when he 
expressed diffusion equation by series 
(infinite) of sines & cosines. 

“Theorie Analytique de la chaleur” 1822  
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http://www.westga.edu/~jhasbun/osp/Fourier.htm
http://www.falstad.com/fourier/index.html



Frequency domain

Time domain

Fourier Transformation



Well done signal transformation:

• extract relevant information
• reduce complexity
• give us better understanding of signal properties



Time domain



Frequency domain













Importance of Phase
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Types of Signals



Analog Signals (Continuous-Time Signals)

continuous in both the dependant and independent variable (e.g.,
amplitude and time).  Most environmental signals are continuous-time 
signals.

Discrete Sequences (Discrete-Time Signals)

continuous in the dependant variable (e.g., amplitude) but discrete in the 
independent variable (e.g., time).  They are typically associated with 
sampling of continuous-time signals. 

Digital Signals

discrete in both the dependant and independent variable (e.g., amplitude 
and time) are digital signals.  These are created by quantizing and 
sampling continuous-time signals or as data signals (e.g., stock market 
price fluctuations). 



Types of Signals (cont.)



Processing of biosignals







Advantages of DSP 
• Reproducibility
• Security can be introduced by encryption/scrambling
• Digital signals easily stored on magnetic media without deterioration
• Some things can be done more easily digitally than with analog 

systems (e.g., linear phase filters)

Limitations

• A/D & signal processors speed: wide-band signals still difficult to 
treat (real-time systems).

• Finite word-length effect.



History of DSP
• Up to 1950’s: signal processing done with analog systems using 

electronic circuits or mechanical devices

• 1950’s: digital computers used to simulate signal processing 
systems before implementing in analog hardware – cheap way to 
vary parameters and test system output

• 1965: Cooley and Tukey (re)discover efficient algorithm for Fast 
Fourier Transforms (FFTs) – made feasible real-time signal 
processing as well as algorithms previously thought impossible to 
implement on digital computers

• 1980’s: IC technology advancements led to very fast fixed-point and 
floating-point microprocessors for digital signal processing



• Most of the biosignals in our environment are analog such as ECG, 
EEG, temperature and light ...

• To processes these signals with a computer, we must:
1. convert the analog signals into electrical signals, e.g., using a 
transducer such as a microphone to convert sound into electrical 
signal
2. digitize these signals, or convert them from analog to digital, 
using an ADC (Analog to Digital Converter)

• Converting back to an analog signal for evaluation



Antialiasing
Filter

(LowPass
500Hz)

A/D
converter
fs=103 Hz

12 bit

Amplification
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D/A
converter DSP



Sampling



Sampling in time - discretization



Sampling in time - discretization 
__ s(t) = sin(2πf0t)
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__ s1(t) = sin(8πf0t)

__ s2(t) = sin(14πf0t)
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sk (t) = sin( 2π (f0 + k fS) t )   ,  ⏐k ⏐∈

s(t) @ fS represents exactly all sine-waves sk(t) defined by:



The sampling theorem
Nyquist rate is two times the bandwidth of a 
bandlimited signal

Nyquist frequency is half of the sampling
frequency

A signal s(t) with maximum frequency fMAX can be 
recovered if sampled at frequency  fS > 2 fMAX .

Other proposers: Whittaker(s), Nyquist, Shannon, Kotel’nikov.



Sampling - antialiasing



Sampling in amplitude - digitization 



Sampling in amplitude - digitization 

levels = 2n

n ... A/D bits



Filtering



http://www.falstad.com/dfilter/













Artefacts



Artefact = redundant + masking information in biosignal

Endogenous
physiological or biological:
-muscle activity, muscle tremor, (e.g. shivering in cold conditions during 
ECG recordings), eye blinking ...
- corregistration of different biosignals EMG +EEG, EMG + ECG, EEG + 
EOG ...

Exogenous
the others:
- electromagnetic noise (alternating current – coming from the power 
supply has regular frequency, removable with analog or digital filters)
- electrochemical DC current changes (caused by movement of 
electrodes - not well fixed) - slow potentials of high amplitude

Artefacts Removing
-during recording = pre-processing stage (”on-line”)
-analysis stage (”off-line”) 









Stimulace

EP + EEG



A. Photograph of the mechano-
electrical averaging device designed 
by Dawson. With reduction gears, the 
motor rotated the spindle carrying the 
distributors at 10 Hz; the distributors 
passed the electrical activity from the 
cortex to a series of 62 capacitors 
every 10th revolution, following a 
stimulus. After the procedure had 
been repeated the requisite number 
of times, the charge stored on each 
of the capacitors during successive 
100 ms epochs was read out, giving 
the averaged response. An example, 
following ulnar nerve stimulation, is 
shown for the contralateral and 
ipsilateral somatosensory areas in C 
(upper and lower traces respectively). 
B (upper) shows an earlier method of 
recording evoked potentials, in which 
photographic superimpositions of 
faint traces were made, following 
median nerve stimulation at the wrist. 
The centripetal impulse volley is 
recorded from the median nerve at 
the elbow (lower trace).

From Dawson with permission.

Alan J. McComas:The World of Touch 
– From Evoked Potentials to 
Conscious Perception Can. J. Neurol. 
Sci. 1999; 26: 7-17



Monitoring the fetal heart non-invasively: a review of methods
Maria Peters, John Crowe, Jean-Francois Pie´ri et. al, Hendrik Quartero3,
Barrie Hayes-Gill2, David James4, Jeroen Stinstra1, and Simon Shakespeare2
J. Perinat. Med. 29 (2001) 4082416



DISP-2003: Introduction to Digital Signal Processing.
Maria Elena Angoletta, AB-BDI

DISP-2003: Advanced Digital Signal Processing.
Léonard Studer, UNIL

Fall 2003

ECE 246/446: Digital Signal Processing
http://www.ece.rochester.edu/courses/ECE446
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