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WHY this course?
WHY Theory of Communication Systems?

if

AI – Artificial Intelligence

is able to find a solution
is able to solve any problem



This is WHY this course!
This is WHY Theory of Communication Systems!

BUT

Are you able to exactly define a problem?

Are you able to await at least very unclear solution?

!!!

Image you have no background and basic knowledge of the field

??? 



What is the issue.
What is the problem.
What is he aim of our lectures.
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Channel 
(wire, wireless, satellite)

What is the issue.
What is the problem.
What is he aim of our lectures.

Information input Information output

To achieve the most effective transmission of information

What kind of instruments we can use to achieve the goal

This is the agenda of our lectures – Theory of Communication Systems



The aim of a digital communication system is
to transmit the message efficiently over the communication channel (AWGN) by incorporating 

 various data compressions (source coding), 
 encoding (channel coding) and 
 modulation techniques, 

in order to reproduce the message in the receiver with the least errors.

Perhaps the greatest contribution from the math center was 
the creation of Information Theory by Claude Shannon in 1948. 

For perhaps the first 25 years of its existence, Information Theory was regarded as a 
beautiful theory but not as a central guide to the architecture and design of communication 
systems. 

After that time, however, both the device technology and the engineering understanding of 
the theory were sufficient to enable system development to follow information theoretic 
principles. 



5G x100
Capacity than 4G

Fifth generation wireless (5G) - is a wireless networking architecture

Downloading a film
3G 4G 5G 
26 hours 6 min       3,6 sec

Response time
4G 5G 
0,045 sec 0,001 sec



FM Radio 

VHF UHF SHF
Very High Frequency Ultra High Frequency Super High Frequency

30 MHz 300 MHz 3 GHz 3,4 GHz 30 GHz

5G SateliteTV, 2G, 3G, 4G, WiFi

One of the key issues with any form of 5G modulation scheme is 
the spectral efficiency. 

With spectrum being at a premium, especially in frequencies around 3 GHz, 
it is essential that any modulation scheme adopted for 5G is able to provide a high level of spectral efficiency.

There is often a balance between higher orders of modulation like 64 QAM as opposed to 16 QAM for example 
and noise performance. 

Thus higher order modulation schemes tend to be only sued when there is a good signal to noise ratio.

.



VHF UHF SHF

30 MHz 3 GHz300 MHz 30 GHz0 300 Hz 3400 Hz 4kHz 20 kHz

Some Specialities of Frequency Spectrum

…

audibility range of the human ear

Telephone channel

… … ……

f [Hz]

Amplitude
[dB]

Telephone channel spectrum
Baseband spectrum

0

After modulation

Bandpass spectrum
Carrier frequency – fc  



Vm = 1/Ts [Baud, Bd]
modulacna rychlost
(sirka pasma Hz, designer!)

Vp = Vm log2 M [bps]
prenosova rychlost
(rychlost prenosu, uzivatel!)

M – pocet stavov (symbolov)
Ts - dlzka symbol

ak M =2;  Vm = Vp



(0,0)
(0,1)
(1,0)
(1,1)

Ts Tb

Ts

Ts=Tb

Ts= 2Tb

Ts=Tb

Ts

Vm = 1/Ts Vp = Vm log2 2 Vp = Vm

Vm = 1/2Tb Vp = Vm log2 4 Vp = Vm

Vm = 1/Ts Vp = Vm log2 4 Vp = 2Vm





AWGN channel (Additive White Gaussian Noise)

Digital input

Analog output

Carrier
(nosny signal)







𝝀𝝀 =
𝒄𝒄
𝒇𝒇

=
𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍 𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔
𝒇𝒇𝒇𝒇𝒔𝒔𝒇𝒇𝒇𝒇𝒔𝒔𝒇𝒇𝒄𝒄𝒇𝒇

=
𝟑𝟑.𝟏𝟏𝟏𝟏𝟖𝟖

𝒇𝒇
[𝒎𝒎𝒔𝒔 ]

[𝑯𝑯𝑯𝑯 = 𝟏𝟏/𝒔𝒔]

𝝀𝝀 =
𝒄𝒄
𝒇𝒇

=
𝟑𝟑.𝟏𝟏𝟏𝟏𝟖𝟖

𝟑𝟑.𝟏𝟏𝟏𝟏𝟑𝟑
= 𝟏𝟏.𝟏𝟏𝟏𝟏𝟓𝟓 𝒎𝒎 = 𝟏𝟏𝟏𝟏𝟏𝟏 𝒌𝒌𝒎𝒎

𝝀𝝀 =
𝒄𝒄
𝒇𝒇

=
𝟑𝟑.𝟏𝟏𝟏𝟏𝟖𝟖

𝟑𝟑.𝟏𝟏𝟏𝟏𝟗𝟗
= 𝟏𝟏.𝟏𝟏𝟏𝟏−𝟏𝟏[𝒎𝒎] = 𝟏𝟏𝟏𝟏 𝒄𝒄𝒎𝒎

Signal wavelength

Antenna for 3 kHz carrier would be

Antenna for 3 GHz carrier would be







ASK, PSK, FSK, QAM













In phase

Quadrature

0
0 0

A

A Cos (2πft)
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𝑪𝑪 = 𝑩𝑩 𝒍𝒍𝒍𝒍𝒍𝒍𝒍(𝟏𝟏 + 𝑪𝑪𝑬𝑬𝒃𝒃
𝑩𝑩𝑵𝑵𝟏𝟏

)
𝑬𝑬𝒃𝒃
𝑵𝑵𝟏𝟏

=
𝑩𝑩
𝑪𝑪

(𝟐𝟐
𝑪𝑪
𝑩𝑩 − 𝟏𝟏)

a) C/B=1; 1(2-1) = Eb/No; 10log(Eb/No) = 10 log1 = 0 [dB]

b) C/B=2; 1/2(4-1) = Eb/No; 10log(Eb/No) = 10 log(3/2) = 1,7 [dB]

c) C/B=3; 1/3(8-1) = Eb/No; 10log(Eb/No) = 10 log(7/3) = 3,6 [dB]

d) C/B=1/2; 2(2
1
2-1) = Eb/No; 10log(Eb/No) = 10 log(0.82) = -0,817 [dB]

C/B

[Eb/No]dB

1

2

3

0.5
0 1.7 3.6-0.8











r = 𝑁𝑁0
4 𝐸𝐸𝑏𝑏

𝑙𝑙𝑙𝑙𝑙𝑙 1−𝑝𝑝
𝑝𝑝

r

a) No noise

b) With noise

a) No noise

b) With noise

5V-5V







T (K) = T (° C) + 273,15

T (K) = 10 ° C + 273,15 = 283,15 K
T (K) = 20 ° C + 273,15 = 293,15 K
0(K) = -273,15 ° C













(rms = root mean square = efektivna hodnota)

𝐼𝐼𝑟𝑟𝑟𝑟𝑟𝑟 =
𝐼𝐼𝑟𝑟𝑚𝑚𝑚𝑚

2
𝑈𝑈𝑟𝑟𝑟𝑟𝑟𝑟 =

𝑈𝑈𝑟𝑟𝑚𝑚𝑚𝑚

2

𝑷𝑷 =
𝑼𝑼𝒇𝒇𝒎𝒎𝒔𝒔
𝟐𝟐

𝑹𝑹
=

𝑼𝑼𝒎𝒎𝒎𝒎𝒎𝒎
𝟐𝟐

𝟐𝟐
𝑹𝑹

=
𝑼𝑼𝒎𝒎𝒎𝒎𝒎𝒎
𝟐𝟐

𝟐𝟐𝑹𝑹
=
𝑨𝑨𝒎𝒎𝒎𝒎𝒎𝒎𝟐𝟐

𝟐𝟐𝑹𝑹

𝑨𝑨𝒎𝒎𝒎𝒎𝒎𝒎 ≡ 𝑨𝑨 = 𝟐𝟐𝑹𝑹𝑷𝑷 = 𝟐𝟐𝑹𝑹𝑬𝑬
𝑻𝑻

; 𝐸𝐸 =
𝐴𝐴2𝑇𝑇
2𝑅𝑅𝑃𝑃 = 𝐸𝐸

𝑇𝑇
;

Efektivna hodnota (rms), Maximalna hodnota, Vykon P, Energia E

𝑋𝑋𝑟𝑟𝑚𝑚𝑚𝑚 ≡ 𝑋𝑋

R – odpor [ohm]
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