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Lecture goal and content

Goal

 Understand what is signal, know basic types of signal and their basic
characteristic values and reveal that signals are everywhere around us.

Content
e Signals
— whatisit?

types of signals

examples of signals

characteristic values of signals

instantaneous value
average value
signal energy

signal power

effective value



What is sighal?

Definition: an abstraction of any measurable quantity that is a
function of one or more independent variables such as time or
space. For this course it is some function of time.

Examples:

* Avoltage or a current in a circuit
* Electrocardiograms

* Sinusoid A.sin(wt + @)

e Speech/music

* Intensity of light radiation

e Acoustic pressure

* Image, video

* etc.



Signal types: continuous (C), discrete (D)
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Signals in continuous time

Signals in discrete time,
Sampled signals, sequences

Signals discrete in value, Signals continuous

in value

Quantized signals



Basic signal operations

* Time shift: s(t-t,) and s[k-k,]
— If t, >0 or k, > 0, signal is shifted to the right
— If t,<0or k, <0, signal is shifted to the left

 Time reversal: s(-t) and s[-k]

 Time scaling: s(at) and s[ak]
— If a > 1, signal is compressed

— If 1 >a >0, signal is stretched

e Signal scaling: as(t) and as[k]
— If a > 1, signal has higher values

— If 1 >a >0, signal has lower values



Signal examples

 ECG (electrocardiogram), in Czech EKG
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Signal examples

 EEG (electroencephalogram)
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Signal examples

* Arterial pressure (tepenny tlak)

T
1ok- - - | R | B O R | R |
,_\100- ..........................................
zn
:
égo ...................................
(=l
M
< g0t
70 |-

1 1.5 2 2.5
Time (sec)



Signal examples

* Speech
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Signal examples

* NVH (Noise, vibration, and harshness) (hluk a vibrace)

— Here is the noise spectrum of Michael Schumacher's Ferrari at 16680
rom, showing the various harmonics. The x axis is given in terms of
multiples of engine speed. The y axis is logarithmic, and uncalibrated
(https://en.wikipedia.org/wiki/Noise, vibration, and harshness ).
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https://en.wikipedia.org/wiki/Noise,_vibration,_and_harshness

Signal examples

RFID (not only in transport)
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Signal examples

* Eurobalise — AM modulated tele-powering signal and up-link
signal (balise responce)
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Signal examples

* Eurobalise — phase demodulation of FSK modulated up-link signal
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Signal examples

e Eurobalise — spectrum of e Eurobalise — up-link signal:
up-link signal centre frequency and deviation
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Signal examples

* Eurobalise —amplitude demodulation of up-link signal

Amplitudova demodulace

: lmmnmuummvﬂﬂmmmmuﬂmmmmﬂm!"

Amplitede Jitter

* Eurobalise —amplitude jitter
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Signal examples
phas

 Sampled socket voltage 230V
Sinusoid with amplitude a = 325, frequency f= 50 Hz,




Signal examples

 Video detection of vehicles

pictures from https://www.youtube.com/watch?v=F M _skebbpA



https://www.youtube.com/watch?v=F_M_skebbpA
https://www.youtube.com/watch?v=F_M_skebbpA
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