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1.1 What is a Signal?

ÅSignals, in one form or another, 
constitute a basic ingredient of our 
daily lives. 
ÅFor example, a common form of 

human communication takes place 
through the use of speech signals,
Åin a face-to-face conversation or over a 

telephone channel. 
ÅAnother common form of human 

communication is visual in nature, 
with the signals taking the form of 
images of people or objects around us.
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Is there any 
signaling 

involved here?

Is there any signaling involved 
here?
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1.1 What is a Signal?

ÅYet another form of human 
communication is electronic mail over 
the Internet. 

ÅIn addition to providing mail, the 
Internet serves as a powerful medium 
for searching for information of general 
interest, for advertising, for 
telecommuting, for education, and for
playing games

ÅAll of these forms of communication 
over the Internet involve the use of
information -bearing signals of one kind 
or another. 
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1.1 What is a Signal?

Å4ÈÅ ÐÁÔÉÅÎÔȭÓ ÈÅÁÒÔÂÅÁÔ ÁÎÄ ÂÌÏÏÄ 
pressure represent signals that convey 
information to the doctor about the 
state of health of the patient

ÅIn listening to a weather forecast over 
the radio, we hear references made to 
daily variations in temperature, 
humidity, and the speed and direction of 
prevailing winds

ÅA probe exploring outer space sends 
valuable information about a faraway 
planet backto a station on Earth
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1.1 What is a Signal?

ÅDaily fluctuations in prices of 
stocks and commodities on world 
markets, 
Årepresent signals that convey 

information on how the shares 
in a particular company or 
corporation are doing

ÅA signal is formally defined as a 
function of one or more variables 
that conveys informationon the 
nature of a physical phenomenon
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1.2 What is a System?
ÅThere is always a system associated

with the generation of each signal and 

Åanother system associated with the 
extraction of information from the 
signal

ÅFor example, in speech 
communication, a soundor signal 
excites the vocal tract, which 
represents a system

ÅThe processing of speech signals
usually relies on the use of our ears 
and auditory pathways in the brain. 
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1.2 What is a System?

ÅIn this case, the systems 
responsible for the production 
and reception of signals are 
biological in nature

ÅThese systems could also be 
implemented using electronic 
systems

Åe.g. Speech synthesizers to 
generate speech and speech 
recognition systems to extract 
information from an incoming 
speech signal  
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Is this a System

?
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1.2 What is a System?

ÅCommunication Systems 
transport the information 
contained in a message over a 
communication channel and 

Ådeliver that information to a 
destination reliably

ÅRegenerate the message at 
destination 

ÅDisceminateto the users
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1.2 What is a System?
ÅA system is formally defined as an entity that manipulates one or more signals 

to accomplish a function in order to yield new signals 

Åinteraction between a system and its associated signals is illustrated in Fig. 1.1. 

ÅIn an automatic speaker recognition system, input signal is a speech (voice) 
signal, system is a computer and the output signal is the identity of the speaker

ÅIn a communication system, input signal could be a speech signal or computer 
data, system itself is made up of combination of a transmitter, channel and 
receiver and output signal is information contained in the original message

Figure 1.1: Block diagram representation of a system.

11

Input Signal

x(t)

Output Signal

y(t)

System
f (t)

Prepared by Prof. Dr. Hasan AMCA



1.3.1 Communication Systems

ÅAs depicted in Fig. 1.2, there are three basic elements to every communication system:

1. Transmitter : convert the message produced by the source to a form suitable for transmission 
over the channel.

2. Channel is the physical medium that connects two together, (e.g. optical fiber, a coaxial cable, a 
satellite channel or a mobile radio channel). The transmitted signal is distorted as it propagates over 
channel. Noise and interference contaminate channel output and received signal is corrupted version 
of transmitted signal

3. Receiver operates on received signal to reconstruct a recognizable form of original message signal 
and deliver it to its destination.Thereceiver reverses the effects of the transmitter and the channel

Figure 1.2  (p. 3): Elements of a communication system  
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1.3.1 Communication Systems
ÅCommunication systems can be of analog or digital type. 
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1.3.1 Communication Systems
ÅCommunication systems can be of continuous or discrete type. 
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1.3.1 Communication Systems

ÅIn analog comm system, transmitter consists of a modulator and receiver 
consists of a demodulator

ÅModulation is the process of converting the message signal into a form 
that is compatible with the transmission characteristics of the channel

ÅThe transmitted signal is represented as amplitude, phase, or frequency 
variations of a sinusoidal carrier wave
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1.3.1 Communication Systems

ÅHence, amplitude modulation, phase modulation, or frequency 
modulation, 

ÅThrough the use of amplitude, phase or frequency demodulation, an 
estimate of the original message signal is produced at the receiver output

ÅIn contrast, a digital communication system is considerably more complex
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1.3.1 Communication Systems
ÅIf the message signal is of analog form, as in speech and video signals, the 

transmitter performs the following operations to convert it into digital form:

Sampling
Åwhich converts the message signal into a sequence of numbers, with eachnumber 

representing the amplitude of the message signal at a particular instant of time

Quantization
Åwhich involves representing each number produced by the sampler to

Åthe nearest level selected from a finite number of discrete amplitude levels. For 
example,

Åwe may represent each sample as a 16-bit number, in which case there are 2 16

Åamplitude levels. After the combination of sampling and quantization, we have a

Årepresentation of the message signal that is discrete in both time and amplitude.

Coding
Åthe purpose of which is to represent each quantized sample by a code Wordmade up 
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1.3.1 Communication Systems

Sampling

Åwhich converts the message 
signal into a sequence of 
numbers, 

Åeachnumber representing 
the amplitude of the 
message signal at a 
particular instant of time
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1.3.1 Communication Systems
Quantization
Åinvolves representing each 

number produced by the 
sampler to the nearest level 
selected from a finite number of 
discrete amplitude levels. 

ÅFor example, each sample may 
be represented as an 8-bit 
number, in which case there are 
ς ςυφamplitude levels

ÅAfter the sampling and 
quantization, the message 
signal is represented as discrete 
in both time and amplitude

19Prepared by Prof. Dr. Hasan AMCA



1.3.1 Communication Systems
Quantization Noise / Quantization Error

ÅIs the difference between true 
signal and quantized signal

Åquantization is irreversible; 

Åi.e., loss of information always 
happens by its application

ÅHowever, this loss can be made 
small, by using a quantizer 
with large number of discrete 
amplitude levels
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1.3.1 Communication Systems
Coding

ÅAfter sampling and 
quantization, each sample 
level is represented by a 
digital beat stream

ÅThe example shown here 
has ς ρφlevel 
quantization and samples 
are represented by 4 binary 
digits 0000 through 1111

Åe.g. 9=1001 and 11=1011
21Prepared by Prof. Dr. Hasan AMCA
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1.3.1 Communication Systems

Error Control Coding

ÅTo ensure error free 
transmission, a parity
check bit is added at 
the end of the bit 
stream, resulting in 
0000X through 1111X

ÅEven parity 11110

ÅOdd parity   11111
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ÅTransmitter may involve operations of data compression and channel encoding. 

ÅData compression removes redundant information from the message signal and 
provide efficient use of the channel by reducing the # bits per sample to transmit  

ÅChannel encoding involves insertion of extra bits into the codeword in order to 
protect against noise and interference picked during transmission in the channel

1.3.1 Communication Systems
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1. Broadcasting

Åinvolves use of a single powerful 
transmitter and numerous 
receivers 

ÅHere, information-bearing signals 
flow only in one direction.

2. Point -to-point communication, 

ÅCommunication takes place over a 
link between a single Tx and a Rx. 

Åthere is a bidirectional flow of 
information -bearing signals, with a 
Tx and a Rx at each end of the link.

ÅA point-to point communications 
system is shown in Figure 1.3 
below

Basic Modes of Communication
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Figure 1.3(a)
photograph of Pathfinder robot, which 
landed on Mars on july 4, 1997 by 
.!3!ȭÓ

Figure 1.3(b)
Photograph of highprecision, 70-meter 
antenna located at Canberra, Australia 
ÁÓ ÁÎ ÉÎÔÅÇÒÁÌ ÐÁÒÔ ÏÆ .!3!ȭÓ ×ÏÒÌÄ×ÉÄÅ 
Deep Space Network (DSN), 

DSN provides the vital two-way 
communications link that guides and 
controls robotic planetary explorers and 
brings back images and new scientific 
information collected by them 25Prepared by Prof. Dr. Hasan AMCA

http://www.google.com.cy/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi4rMr8ocXXAhXNZVAKHceyBV4QjRwIBw&url=http://sci.esa.int/art-and-science-at-esa/58796-cebreros-ground-station/&psig=AOvVaw3kf3sLEf4SZcQ5Inj5xELq&ust=1510996259552149


ÅUnfortunately, every communication system suffers from the presence of 
channel noise in the received signal. 

ÅNoise places severe limits on the quality of received messages.

ÅDue to enormous distance between our Earth and Mars, average power of 
the information-bearing component of the received signal, at either end of 
the link, is relatively small compared with the average power of the noise 
component

ÅReliable operation of the link is achieved through the combined use of (1) 
large antennas as part of the DSN and (2) error control. 

ÅThe larger the antenna, the larger the received signal power will be and 
hence the use of large antennas in DSN.

ÅError control involves the use of a channel encoder at the transmitter and a 
channel decoder at the receiver for protection against channel noise

1.3.1 Communication Systems
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ÅThe control of physical systems 
is widespread in our industrial 
society

ÅAircraft autopilots, automobile 
engines, oil refineries,power 
plants and robots

ÅThe object to be controlled is 
commonly referred to as a plant; 
e.g. an aircraft

1.3.2 Control Systems
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There are 2 reasons for using control systems
1.Satisfactory Response
ÅA plant is said to produce a satisfactory response if its output 

follows or tracks a specified reference input.
ÅThe process of holding the plant output close to the reference 

input is called regulation.
2. Robust Performance
ÅA control system is said to be robust if it regulates its objects 

well, despite the presence of external disturbances 
ÅThe attainment of these desirable properties usually requires 

the use of feedback, as illustrated in Fig. 1.4. 

1.3.2 Control Systems
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Figure 1.4  (p. 7): Block diagram of a feedback control system.  
The controller drives the plant, whose disturbed output drives the sensor(s).  
The resulting feedback signal is subtracted from the reference input to produce 
an error signal e(t), which, in turn, drives the controller.  The feedback loop is 
thereby closed.

29
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ÅIn any event, the plant is described by mathematical operations that generate 
the output y(t) in response to the plant input v(t) and external disturbance v(t)

ÅThe sensor includedin the feedback loop measures the plant output y(t) and 
converts it into another form, usually electrical

ÅThe sensor output ὶὸconstitutes the feedback signal and is comparedwith the 
reference input ὼὸto produce a difference or error signalὩὸ

ÅThis latter signal is applied to a controller, which, in turn, generates the 
actuating signal ὺὸthat performs the controlling action on the plant

ÅA control system with a single input and singleoutput, as illustrated in Fig. 1.4, is 
referred to as a single-input, single-output (SISO) system.

ÅWhen plant inputs or outputs is more than one, system is referredto as aMIMO

1.3.2 Control Systems
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Figure 1.5 shows NASA space shuttle 
launch, that uses a digital computer 
for its control

Figure 1.5  (p. 8)
NASA space shuttle launch.
(Courtesy of NASA.)

A digital control system for the space
shuttle launch involves the 
operations of sampling, 
quantization, and coding

31Prepared by Prof. Dr. Hasan AMCA



1.3.3 Microelectromechanical Systems

ÅDigital signal processors, built on silicon chips, are integral partsof digital 
wireless communication systems and digital cameras, among many other 
applications.

ÅMicrofabrication techniques have led to the creation of miniature silicon 
sensorssuch as optical detector arrays, which are revolutionizing 
photography.

ÅIn addition to purely electrical circuits, it is now feasible to build 
microelectromechanicalsystems (MEMS) that merge mechanical systems 
with microelectronic control circuits on a silicon chip

ÅThe result is a new generation of smaller, more powerful, and lessnoisy 
ȰÓÍÁÒÔȱ ÓÅÎÓÏÒÓ ÁÎÄ ÁÃÔÕÁÔÏÒÓ ÔÈÁÔ ÈÁÖÅ Á ÂÒÏÁÄ ÒÁÎÇÅ ÏÆ ÁÐÐÌÉÃÁÔÉÏÎÓȟ 
including health care, biotechnology, automotive, and navigation systems. 
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1.3.3 Microelectromechanical Systems
ÅFrom a manufacturing perspective, the rapid development of MEMSis due 

largely to two factors:

ÅAn improved understanding of the mechanical properties of thin filmsɂ
particularly polysiliconɂthat are usedto build devices with freely moving 
parts

ÅThe development and utilization of reactive ion-etching techniques to define 
featuresand spacing precisely in the thin films that are deposited

ÅFigure 1.6(a) shows the structure of a lateral capacitive accelerometer

ÅThe accelerometer of Fig. 1.6(a) lends itself to micromachining, whereby the 
sensorand electronic control circuits are integrated on a single chip

ÅFigure 1.6(b) shows a scanningelectron microscope (SEM) view of the 
ADXL05, a polysilicon accelerometer developedand produced by Analog 
Devices, Inc. 33Prepared by Prof. Dr. Hasan AMCA



Figure 1.6a  (p. 8)
Structure of lateral capacitive 
accelerometers.(Taken from 
Yazdiet al., Proc. IEEE, 1998)

Figure 1.6b  (p. 9)
3%- ÖÉÅ× ÏÆ !ÎÁÌÏÇ $ÅÖÉÃÅȭÓ !$8,/υ ÓÕÒÆÁÃÅ-
micromachined polysilicon accelerometer. 
(Taken from Yazdiet al., Proc. IEEE, 1998) 34Prepared by Prof. Dr. Hasan AMCA



1.3.3 Microelectromechanical Systems
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ÅBasic micromechanical structure used to build an accelerometer can be used 
to build a gyroscopeɂa device that senses angular motion of a system
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1.3.3 Microelectromechanical Systems

36

Åmicromechanical structure used to 
build a magnetometerɂa device that 
senses magneticfield intensity

ÅE-compass is not a sensor, it's an 
application that usually based on a 
sensor called magnetometer in the 
smartphoneswith a simple 
orientation in relation to the Earth's 
magnetic field. 

ÅAs a result, your phone always knows 
which way is North so it can auto 
rotate your digital maps depending on 
your physical orientation.
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1.3.4 Remote Sensing
ÅRemote sensing is defined as the process of acquiring information about an 

object of interestwithout being in physical contact with it

ÅBasically, the acquisition of information isaccomplished by detecting and 
measuring the changes that the object imposes on the fieldsurrounding it

ÅThe field can be electromagnetic, acoustic, magnetic, or gravitational, 
dependingon the application of interest. 

ÅAcquisition of information can be performed ina passive manner, 
Åby listening to the field (signal) that is naturally emitted by the object andprocessing it, 

Åor in an active manner 
Åby purposely illuminating the object with a welldefined field (signal) and processing 

the echo (i.e., signal returned) from the object
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1.3.4 Remote Sensing
ÅFor example, to study a planetary surface, we may require a suite of sensors

covering selected bands of the electromagnetic spectrum as follows:

ÅRadar sensors to provide information on the surface physical properties of 
the planet (e.g., its topography, roughness, moisture, and dielectric 
constant)

ÅInfrared sensors to measure the near-surface thermal properties of the 
planet

ÅVisible and near-infrared sensors to provide information about the surface 
chemicalcomposition of the planet

ÅX-ray sensors to provide information on radioactive materials contained in 
the planet

ÅThe data gathered by these highly diverse sensors are processed on a 
computer to generatea set of images that can be used collectively to increase 
our scientific knowledge of theÐÌÁÎÅÔȭÓ ÓÕÒÆÁÃÅȢ
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Figure 1.7  (p. 11)
Perspectival view of 
Mount Shasta 
(California), derived 
from a pair of stereo 
radar images acquired 
from orbit with the 
shuttle Imaging Radar 
(SIR-B). (Courtesy of Jet 
Propulsion Laboratory.)
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1.3.5 Biomedical Signal 
Processing

ÅGoal of biomedical signal processing is to 
extract information from a biological 
signal

ÅThe information helps us improve our 
understanding of basic mechanisms of 
biological functioning or aids us in 
diagnosis or treatment of a medical 
condition 

ÅThegeneration of many biological signals 
found in the human body is traced to the 
electrical activity of large groups of nerve 
cells or muscle cells. 40Prepared by Prof. Dr. Hasan AMCA



1.3.5 Biomedical Signal Processing
ÅNerve cells in the brain 

are commonlyreferred 
to as neurons. 

ÅFigure 1.8 shows 
morphological types of 
neurons that are 
identifiable in a 
ÍÏÎËÅÙȭÓ ÃÅÒÅÂÒÁÌ 
cortex, based on studies 
ÏÆ ÔÈÅ ÍÏÎËÅÙȭÓ ÐÒÉÍÁÒÙ 
somatic sensoryand 
motor cortices. 

ÅThe figure illustrates the 
many different shapes 
and sizes of neurons. 41Prepared by Prof. Dr. Hasan AMCA



Figure 1.8  (p. 12)
Morphological types of nerve cells (neurons) identifiable in monkey cerebral 
cortex, based on studies of primary somatic sensory and motor cortices. 
(Reproduced from E. R. Kande, J. H. Schwartz, and T. M. Jessel, Principles of 
Neural Science,3d ed., 1991; courtesy of Appleton and Lange.) 
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1.3.5 Biomedical Signal Processing
ÅBiomedical signal processing begins with a temporal record of biological event 

of interest

ÅFor example, the electrical activity of the heart is represented by a record 
called the electrocardiogram (ECG)

ÅECG represents changes in the voltage due to electrochemical processes 
involved in formation and spatial spread of electrical excitations in heart cells

ÅDetailed inferences about the heart can be made from the ECG signal

ÅAnother example of a biological signal is electroencephalogram (EEG)

ÅEEG is a record of fluctuations in electrical activity of large groups of neurons 
in brain 

ÅSpecifically, EEG measures the electrical field associated with the current 
flowing through a group of neurons. 

ÅFigure 1.9 shows three examples of EEG signals recorded from the 
hippocampus of a rat.
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Figure 1.9  (p. 13)
The traces shown in (a), (b), and (c) are three examples of EEG signals 
recorded from the hippocampus of a rat.  Neurobiological studies suggest that 
the hippocampus plays a key role in certain aspects of learning and memory. 
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Understanding 
Brain Waves

45
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ɆOur brains operate on 
frequencies which can be 
represented as waves 

ɆThese waves are:

~ Beta, Alpha, Theta, Delta 
and Gamma waves 

~ all operate to serve us 
during circumstances 
that we create for them
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1.3.6 Auditory System

ÅFor our last example of a system, 
we turn to the mammalian 
auditory system, the functionof 
which is to discriminate and 
recognize complex sounds on 
the basis of their frequency
content

ÅSound is produced by vibrations 
such as movements of vocal cords 
or violin strings
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