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1.1 Basic concepts and models of communication system

1.1.1 Communication system model

There are three basic elements to every communication system: transmitter, channel

and receiver, as depicted in Figure 1. 1. 1.

Source of 2 Use of
= Transmitter—s -— i n
Information Channel Receiver Information

|

Noise

Figure 1. 1.1 Elements of a communication system

Source of Information: speech, music, images and computer data are four important
sources of information and they may be characterized in terms of the signal that carries the
information.

Transmitter: the purpose of the transmitter is to convert the message signal into a
form suitable for transmission over the channel.

Channel : the transmitted signal propagates along the channel. In most of the practical
cases, interfering signals and also noise are added to the channel output. There are various
kinds of channels, such as twisted-pairs (M2 k), coaxial cables ([q] #li H 45), radio
waves, optical fibers (F64F) and etc.

Receiver: has the task of operating on the received signal so as to reconstruct a
recognizable form of the original message signal.

The purpose of a communication system is to transmit information—bearing signals
through a communication channel.

There are two basic modes of communication: Broadcasting () #% . B 1%, Bl — X+ %)
and Point-to-point communication (F#.Hi5%).
analog signal->speech, music, pictures

Source of Information{ o :
digital signal—>computer data

1.1.2 Analog communication model

The analog waveform is transmitted in the analog communication system. The analog
communication system model is shown in Figure 1. 1. 2.

Modulation is defined as a process by which some characteristics of a carrier are varied
in accordance with a modulating wave.

Demodulation is the reserve of the modulation process. At the receiving end of the

system, we usually require the original baseband signal to be recoveried. This is
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Source of : : Information
Informaton ——‘ Modulation ]——I Channel H Demodulation I—— Déstiriation

Figure 1. 1.2 Analog Communication System Model

accomplished by modulation.

Baseband signals (347 {55 ) : information-bearing signals which are also refered to as
baseband signals.

Passband signals (#Fi#{£5 ) : the modulated signals (E. I 5).

Two reasons for studying analog communication are;

(1) As long as we hear and see analog communication around us via radio and
television, we need to understand that how these communication systems work.
Moreover, the study of analog modulation motivates other digital modulation schemes.

(2) Analog devices and circuits have a natural affinity for operating at very high speed
and they consume very little power compared to their digital counterparts. Accordingly,
the implementation of high-speed or very low-power communication systems dictates the

use of an analog approach,

1.1.3 Digital communication model

In digital communication system, the transmitted information is digital signal. Many
digital communication systems can be summarized in the following model as shown in

Figure 1. 1. 3.

Estimate of

Source of | Message signal message signal User of
information | information
AR 1 e 1
: Source | : Source :
: encoder ! ! decoder !
r I
: i i | AEstimate of |
| ! i source !
i code word : | code word |
I
| ! | |
Transmitter | Channel ! | Channel ' Receiver
: encoder : : decoder :
! ! | = 1
| Channel ! | Ei‘ﬁgﬁglof !
| |
[ code word : | code word |
| |
| ! | !
! Modulator ; | Demodulator :
| I | I
IR ol¥ i o " P s e B J
Received
Waveform signal
Channel gn

Figure 1. 1.3 Digital Communication system model
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The source encoder removes redundant information from the message signal and is
responsible for the efficient use of the channel. Some coding includes the compression,
A/D conversion and encryption (%) coding after compression.

The purpose of the channel coding is to improve the reliability of the signal
transmission.

The main purpose of modulation is to make the characteristics of the coded signal
adaptive to the channel, and let the modulated signal be successfully transmitted over the
channel.

Finally, the common time standard between the transmitter and the receiver is
essential in order to know the exact beginning and ending instants of each symbol in the
received digital signals. Therefore, there must be a synchronization ([ #f) circuit in the
receiver, which is used to extract the symbol synchronization information from the
transmitted signals. Three types of synchronization considered here are as follows: bit
synchronization ( fif [d] # ), symbol synchronization (1 JG [6] # ) and code-word
synchronization (B35 45).

Advantages of digital communication:

(1) High anti-interference ability and a decision-making deceiver at the receiver.

(2) Each repeater in the line of retransmissions may reshape the distorted signal, so
the accumulation of waveform distortion along the line can be eliminated.

(3) Error correcting techniques, such as error-correcting coding (Z{4&#%), can be
used in digital communication systems.

(4) The digital encryption can be used. Therefore, the security of the system is
greatly improved.

(5) Compared with analog communication equipment, the design and manufacture of
digital communication equipments are easier, and the volume and the weight of the

equipments are smaller.

1.2 The classification of communication systems

1.2.1 Modulation mode

According to the difference of carrier wave, the modulations can be classified different

types, as follows in Figure 1. 2. 1.



