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“”Chapter 1: Introduction
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®” 1.1 What is a Signal?

A Signals, in one form or another, S¥ & T
constitute a basic ingredient of our WoNg v
daily lives. 2\

A For example, a common form of ANSSSAN| i
human communication takes place o . ;

through the use of speech signals,

A in a faceto-face conversation or over a
telephone channel.

A Another common form of human
communication is visual in nature,
with the signals taking the form of
Images of people or objects around us'i -
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®” 1.1 What is a Signal?

A Yet another form of human
communication is electronic mail over
the Internet.
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A In addition to providing mail, the 0
Internet serves as a powerful medium [
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for searching for information of general
Interest, for advertising, for
telecommuting, for education, and for
playing games

A All of these forms of communication
over the Internet involve the use of
iInformation -bearing signals of one kind
or another.
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" 1.1 What is a Signal?

AAEA DPAOEAI 060 EAAC‘)C)
pressure represent signals that convey

iInformation to the doctor about the
state of health of the patient

A In 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

A A probe exploring outer space sends
valuable information about a faraway il
planet backto a station on Earth L
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1.1 WhatisaSignal? W

g o R Y
A Daily fluctuations in prices of HEHEHE e Y i
stocks and commodities on world = © ¢ SRERET M AR 1
markets, i S N > ..
A represent signals that convey N

Information on how the shares

? ' 5 B 'l
In a partlcu Iar Company Or http://www.businessin.sider.com/merger -between-nasdagand-london-stock-exchange

v 2017-4

corporation are doing

A A 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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Viﬁﬁ |2 ‘." Nasal
. ;.« e pharynx
1.2 What Is a System?
A There is always a system associated = N orai
with the generation of each signal and . A o
. . i\ 4 '"'. Epiglottis
A another system associated with the . Y
extraction of information from the e WS\ rase
signal ' A SO
A For example, in speech o A\ N
communication, a sounar signal A
excites the vocal tract, which oL

represents a system

A The 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?

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

A These systems could also be
Implemented using electronic
SYAIGCINE

A e.g. Speech synthesizers to
generate speech and speech
recognition systems to extract i
iInformation from an incoming
speech signal
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1.2 What Iis a System?

ACommunication Systems
transport the information

contained In a message over RN =

communication channel and

A deliver that information to a
destination reliably

A Regenerate the message at
destination

A Disceminateto the users
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¥» 1.2 What Is a System?

A A system is formally defined as an entity that manipulates one or more signals
to accomplish a function in order to yield new signals

A interaction between a system and its associated signals is illustrated in Fig. 1.

Input Signal System Output Signal
X(t) f(t) y(t)

Figure 1.1: Block diagram representation of a system.

A In 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 speake

A In a communication system, input signal could be a speech signal or compute
data, system itself is made up of combination of a transmitter, channel and
receiver and output signal is information contained in the original message
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. 1.3.1 Communication Systems

Noise Estimate of

Message Transmitted n(t) Received Message
Signal Signal ' Signal Signal
> > Channel > >
m(t) X(1) y(t) r(t)

Figure 1.2 (p. 3): Elements of a communication system

A As 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. Channelis 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 ove

channel.Noise and interference contaminate channel outpuind received signal is corrupted version
of transmitted signal

3. Receiver operates on received signal to reconstruct a recognizable form of original message sig
and deliver it to its destination.Thereceiver reverses the effects of the transmitter and the channfb
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1.3.1 Communication Systems
A Communication systems can be of analog or digital type.



1.3.1 Communication Systems
A Communication systems can be of continuous or discrete type

A Discrete-Time Signal

\\/J r @54-3-2[10l1zl345}

Continuous Signal Discrete Signal
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i 1.3.1 Communication Systems

A In analog comm system, transmitter consists of a modulator and receivel
consists of a demodulator

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

A The transmitted signal is represented as amplitude, phase, or frequency
variations of a sinusoidal carrier wave

Analog ““nput g
Input)__)fl'ransducer_) Modulator _l

Output(_ Output <—Demodu|at0r<—|

Message Transducer
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i 1.3.1 Communication Systems

A Hence, amplitude modulation, phase modulation, or frequency
modulation,

A Through the use of amplitude, phase or frequency demodulation, an
estimate of the original message signal is produced at the receiver outpu

A In contrast, a digital communication system is considerably more comple
Analo “Input ’ '
J —> Modulator

Input Transducer l
gl -
Output(_ JUTPHL <= Demodulator<—|

Message Transducer
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e 1.3.1 Communication Systems

Alf 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
Awhich converts the message signal into a sequence of numbers, with eacimber
representing the amplitude of the message signal at a particular instant of time
Quantization

Awhich involves representing each number produced by the sampler to

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

Awe may represent each sample as a it number, in which case there are 2 16
Aamplitude levels. After the combination of sampling and quantization, we have a
Arepresentation of the message signal that is discrete in both time and amplitude.

Coding

Athe purpose of which is to represent each quantized sample by a code Wonagde up
ey e u@a flAILE NUMbeEr 17



1.3.1 Communication Systems

Sampling

Awhich converts the message
signal into a sequence of

numbers,

Aeachnumber representing
the amplitude of the
message signal at a
particular instant of time
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) 1.3.1 Communication Systems

Quantization
Ainvolves representing each

Sampling and 4-bit quantization

number produced by the b AL
sampler to the nearest level 1; A \
selected from a finite number of ,,
discrete amplitude levels. 11 \

AFor example, each sample may '~/
be represented as a 8-bit i \\
number, in which case there are - \ /
C C LU gmplitude levels 6 \

AAfter the sampling and . \ ]
guantization, the message T ) /
signal is represented as discrete , /

\

/

In both time and amplitude 1 -

Ollllllllllllllllllllll

4
L1 a1
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¢ 1.3.1 Communication Systems
Quantization Noise / Quantization Error

Als the difference between true — True Signal
signhal and quantized signal A N, T Quantized Signal
Aguantization is irreversible; , \, — Quantization Error

Ai.e., loss of information always /!
happens by its application

AHowever, this loss can be ma
small, by using a quantizer
with large number of discrete
amplitude levels

20



g 1.3.1 Communication Systems
Codin . . Y
At ’ |' ] Sampling and 4-bit quantization
ter sampling an 15 <
guantization, each sample 14 // <
level is represented by a B /
digital beat stream 11— \\
10 A i
AThe example showrhere O 8 \\ \
has¢ p ¢evel A NN 1! /
quantization and samples ¢ 9:\1001\\11:1011\ :
are represented by 4 binary \ T
digits 0000 through 1111 3 - \ [
2
Ae.g 9=1001 and 11=1011 1 oA
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= 1.3.1 Communication Systems

Error Control Coding ~ ©ampling and 4-bit quantization

15

ATo ensure error free o N\
transmission, aparity 15 Vi 3
check bit is addedat 1 —F {
the end of the bit o _/ \

stream, resulting In
0000X through 1111X

AEven parity 11110
AOdd parity 11111

SO = N W & U0 O N @
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1.3.1 Communication Systems

ATransmitter may involve operations of data compression and channel encoding.

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

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

Analog ““Input - Information -
3 Encoder =—> Modulator
|npUt*—’Transducer_) Modulator _l Source _h _l

Output  * Output - E I - (__\|
P - <= Demodulator Output <= Decoder <= Demodulator

Message ' Transducer Message

Analog Communication System Digital Communication System
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Basic Modes of Communication ., //
. Seent e

1. Broadcasting 3
Ainvolves use of a single powerful

transmitter and numerous -
receivers

A Here, information-bearing signals
flow only in one direction.

2. Point-to-point communication,

A Communication takes place over a
link between a single Tx and a RXx.

Athere is a bidirectional flow of
Information -bearing signals, with a
Tx and a Rx at each end of the link

A A point-to point communications
system is shown in Figure 1.3
i IOV

A




~igure 1.3(a)
ohotograph of Pathfinderrobot, which
anded on Mars onuly 4, 1997 by

1 31060

Figure 1.3(b)

Photograph of highprecision, 70-meter
antenna located at Canberra, Australia
AO Al EI OACOAI DAC
Deep Space Network (DSN),

DSN provides the vital tweway
communications link that guides and
controls robotic planetary explorers and
brings back images and new scientific
iInformation collected by them
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= 1.3.1 Communication Systems

AUnfortunately, every communication system suffers from the presence of
channel noise Iin the received signal.

ANoise places severe limits on the quality of received messages.

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

component

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

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

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

Prepared by Prof. Dr.
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#”1.3.2 Control Systems

AThe control of physical systems
IS widespread in our industrial

society i a e S sl
AAircraft autopilots, automobile - W I~ |
engines, oil refineries power secor =" s

plants and robots

AThe object to be controlled is
commonly referred to as a plant;
e.g an aircraft
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. g 1.3.2 Control Systems

There are 2 reasons for using control systems
1.Satisfactory Response

A A plant is said to produce a satisfactory response if its output
follows or tracks a specified reference input.

A The process of holding the plant output close to the reference
iInput Is called regulation.

2. Robust Performance

A A control system is said to be robust if it regulates its objects
well, despite the presence of external disturbances

A The attainment of these desirable properties usually requires
the use of feedback, as illustrated in Fig. 1.4.

28
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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 produc
an error signale(t), which, in turn, drives the controller. The feedback loop is

thereby closed.

Disturbance
n(r)

l

Reference :
input x(f) ’ Controller —_— Y ——

Feedback signulT (r—
\¥) | Sensors




e 2 1.3.2 Control Systems

Aln 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)

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

AThe sensor outputi 0 constitutes the feedback signal and is comparedgith the
reference inputw 0 to produce a difference or error signak) o

AThis latter signal is applied to a controller, which, in turn, generates the
actuating signalb 0 that performs the controlling action on the plant

AA control system with a single input and singl®utput, as illustrated in Fig. 1.4, i
referred to as a singleinput, single-output (SISO) system.

AWhen plant inputs or outputs is more than one, system is referret as aMII\/|030
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Figure 1.5 shows NASA space shuttls
launch, that uses a digital computer
for its control

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

A digital control systemfor the space §
shuttle launchinvolves the
operations of sampling,
guantization, and coding
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- 1.3.3 Microelectromechanical Systems

ADigital signal processors, built on silicon chips, are integral parisf digital
wireless communication systems and digital cameras, among many other

applications.

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

Aln 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

AThe result is a new generation of smaller, more powerful, and les®isy
OO0I AOO6 OAT 601 00 AT A AAOOCAOI 06 OEAC
iIncluding health care, biotechnology, automotive, and navigation systems.
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- 1.3.3 Microelectromechanical Systems

AFrom a manufacturing perspective, the rapid development of MEMS due
largely to two factors:

AAn improved understanding of the mechanical properties of thin films
particularly polysilicon? that are usedto build devices with freely moving
parts

AThe development and utilization of reactive ioretching techniques to define
featuresand spacing precisely in the thin films that are deposited

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

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

AFigure 1.6(b) shows a scanninglectron microscope (SEM) view of the
ADXLO5, a polysilicon accelerometer developeahd produced by Analog

JRevices, Inc. -
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Electrode
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Suspension ~

Figure 1.6a (p. 8)
Structure of lateral capacitive
accelerometers(Taken from

Yazdiet al.,Proc. IEEE1998)
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micromachined polysilicon accelerometer.
(Taken from Yazdiet al.,Proc. IEEE1998)
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- 1.3.3 Microelectromechanical Systems

ABasic micromechanical structure used to build an accelerometer can be use
to build a gyroscope a device that senses angular motion of a system

Gravity (9) L

Diagrams illustrating the axes of 2-axis (left) and 3-axis accelerometers. This particular 2-axis sensor is also capable of tilt measurement.

mage credit: Parallax | Kerry Wong
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- 1.3.3 Microelectromechanical Systems

Amicromechanical structure used to
build a magnetometer? a device that
sensesmagneticfield intensity

AE-compass is notsensor, 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.

AAs a result, yourphone always knows
which way is North so it can auto
rotate your digital maps depending on
your physical orientation.

FRDM-STBC-AGM04 FRDM-K64F-AGM04
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e 1.3.4 Remote Sensing

ARemote sensing is defined as the process of acquiring information about an
object of interestwithout being in physical contact with it

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

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

AAcquisition of information can be performed ina passive manner,
Aby listening to the field (signal) that is naturally emitted by the object angbrocessing it,

Aor in an active manner

Aby 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

AFor example, to study a planetary surface, we may require a suite of sensor:
covering selected band®f the electromagnetic spectrumas follows:

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

Alnfrared sensors to measure the neasurface thermal properties of the
planet

AVisible and nearinfrared sensors to provide information about the surface
chemicalcomposition of the planet

AX-ray sensors to provide information on radioactive materials contained ir
the planet

AThe data gathered by these highly diverse sensors are processed on a
.£OMputer to generatea set of images that can be used collectively to increas



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 r’;j ‘3 a5

Propulsion Laboratory.) . &=
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"1.3.5 Biomedical Signal
Processing

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

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

AThe generation of many biological signals
found In the human body Is traced to the
electrical activity of large groups of nerve

&ells.ar.muscle cells.

Major Anterior Muscles

xf; Sternocleidomastoid
' = ) (‘ N

» ey --—/.
R

F ‘ \
~ a |
) - Y |
. :
’
. .-

Deltoid
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Coracobrachialis
brachialis

Brachioradialis
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1.3.5 Biomedical Slgnal Processmg

ANerve cells in the brain
are Commonly referred R " ! synaptische Vesikel al
Neurotransmitter ] SYNApse (axosxonsl) - \'

t0 as neurons.

Rezeptor . _}- synaptischer Spalt >

AF I g u re 1 ] 8 S h OWS raves ER s . - Axonterminale” 7

morphological types of S Ranvier Schnirting,
neurons that are v it . =

identifiable in a

| TTEAUBO AA
cortex based on studies
I £/ OEA 111E
somatic sensoryand
motor cortices.

AThe figure illustrates the Say
many different shapes N
~ahd-81ZeS of neurons.

Axonhugel




P
100 mm

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. RKande J. H. Schwartz, and T. WesselPrinciples of
Neural Science3d ed., 1991; courtesy of Appleton and Lange.)
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= 1.3.5 Biomedical Signhal Processing

ABiomedical signal processing begins with a temporal record of biological even
of Iinterest
A For example, the electrical activity of the heart is represented by a record
called theelectrocardiogram (ECG)

A ECG represents changes in the voltage due to electrochemical processes
iInvolved in formation and spatial spread of electrical excitations in heart cells

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

AAnother example of a biological signal islectroencephalogram (EEG)
AEEG is a record of fluctuations in electrical activity of large groups of neurons
In brain
A Specifically, EEG measures the electrical field associated with the current
flowing through a group of neurons.
A Figure 1.9 shows three examples of EEG signals recorded from the
s IPROCAMPUS Of a rat. 2



(a)

(b)

(¢) II 110%

Time —

o

0s
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 tha
the hippocampus plays a key role in certain aspects of learning and memory,
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= Understanding BETA
Brain Waves 14 - 30 Hz

Z Our brains operate on ALPHA

Awake, normal alert
consciousness

frequencies which can be T e lyand
represented asS waves mentally relaxed,
- awake but drowsy
Z These waves are DELTA
~ Beta, Alpha, Theta, Delta """ Deep (dreamless) sleep.

loss of bodily awareness

and Gamma waves

~ all operate to serve us
during circumstances
that we create for them GAMMA

~ 30Hzand above Heightened perception 45
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g 1.3.6 Auditory System

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

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