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ENC 25]
DIGITAL COMMUNICATION

CHAPTER 1 INTRODUCTION

Chapter] Objectives

Lo In’rroduce"oppliéd‘rions of communications

[l Unders’rand whaf is communlcaﬂon

a Overwew of communlca’non sys’rems Lo

2/8/2015



" Highlights:

T A j" B ,m,%'

o 5’

EI Gradmg
o A’rtendance. 10%

- B3 quizes: 15% o .
on 2 Mld'rerms 20% each
'8 Final Exam: 35%
D.rFor‘any'inquiries and quesﬁon‘s & upda’r_e_s:‘ B
SRR =] Emcll fsbehbeham pqaei@qmqli com . -
o Ask fsbehbehani
g Twitter: fs.qb__pace‘r_

0 l'hstqgr‘am: fsab_paaet -

Introduction

o Communication is ohe" of the fastest growing fields
today. ' ' ' '

o We ‘live” ‘in the era .'o'f : _c'dn'i.rh'uniéqﬁon and
communication devices.
. o Telephone‘ television, radio, computers -
7 21 Email, vndeo, web applicafions
1 Sateliite and complex modern communication systems

o Almost everything is connected Togefher!

.IZ! Think of .’rh‘e."w&ld.as one big village! -

2182015



‘Cont. Introduction

RS R T

i
T

O Rapid’ deve'lopmerif in  the. fie]d of_ dlngGl
communications within the last two decades.

# A\
hipiigoo giepxa) it g gl
—
Communiccn‘ion

0 thf is 'commuhicd’riona
a The process of transferrlng data 'information” rehcbly
_ from-one poanf to cmo’rher [ ‘
alt is |mpor’rcmf to receive: 'rhe same mformahon that
was fronsmn‘ted regdrdless of ’rhe complex1ty of the
sys’rem h C

o Lead ‘to an error in unde‘rsfqnding"\‘he meaning of the .

- infd‘rqufion- or changes the context of the information. .

2/8/2015
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o-Instructor s’ entering the fiﬁ‘alf.jgrddes for a class
~'through ’rhe‘usé of a computer and a communication
- network. ' | .
oA bmary code called ASCII code is used" to
* represent the clphcbe’rs cmd numerlcal digits in
compu’rers._ T _
o The letter."A" is ‘,“1'00000'1‘1” in Asc-n code
a The letter "C"is “1100001" in ASCIl code

Note ASCII was the most: commonly used character enc.odmg on the World Wlde Web
un’ul December 2007, when it was surpassed by UTF-8.

Com‘ Exomple

e

N

O If for some- reason an error REEEREE

-

£
s
H
8

2|
Dii'l:lcn

oceurs - during fransmission
such 'rhc’r the’ second digit
_ changes from “0” to 1" the

grqde W|II dlffer f‘rom A to. C ok

XON

- - i S -
g >-r-I—-—- ™~ -<;><_ SRiCiH WA

i
1
i

Ul-_i.l:l-‘ﬂ‘\l

g
g
IR IR

3

Limio &lele

‘FAcK [ YN

a

TEL% =

1

EIThlS exqmple |||UsfroTes 'rhe'..
" “concept of reliability in data
_transmission.

i

olalgi-izi—i-iTla
Rt H

ziz,rixjc| - Tiein migiojo >

. w
]
o
E
£ aflml -
@

8

E

o
=V EIL A
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Communication Systems' "

reliably.

i Communlcc‘rlon sys’rems bas:c components:
1 Data information - '
% Sender
Ui Receiver
&t Channel

i Protocol

oA s"yrsfem -Thqr ailows- transfer- of information

Cont._‘ Comm'Un'icci_’rioh Systems

A A

Eora

electrical signals, that is voltage or current signals,

before being sent: across d chcmne[ from source to
destination. -

o Figure 1 shows a general b!ock dlagram of a
- general commumccnon system.

Informtzon

Inf°fmati°n._, 'Tr_ansmitter ._,‘ Chan'n‘el; '-R__éc;e_ii‘rer St
o I | in

source

Figure 1: Block diagram of typical édimmunication systen,

o Informomon to be Transml’rted is converted mfo_

Fi als of Digltal Ci i and Data T I Dr. Falsal Alturki, page 5 .

2/8/2015 .



Con’r Commumcc’rlon Sys’rems

A Information . Source: source from: whlch dcn‘a or
information orlglnq’res, or it is the devnce producmg
information. '

@ Human - talking, keybocn‘c] o broc:dcc:s’rmg s'rcmon, a
data storage device such as a CD.

Con’r Commumcq‘non Sys’rems

wh Informcmon sources can be c|c155|f|ed as:
- Discrete sources
m Generates a finite set of outcomes or messages
w Examples: a keyboard, ca!culcn‘or a textbook
" @ Digital signals
-2 Continuous sources :
" Generates an infinite set- of outcomes or messages -

. # Extmples: human voice, sound of musical instrument tcklng
tempergture value over a penod of hme -

] Anqlog signals .
- 0 Difference between. discrete omd conhnuous 5|gnc1Is is
exp|cnned in later sections.-

2/8/2015



Cont. Communication Systems

o Transmitter: convert the information into a form

communlcchon sysfem.

s Trc:nsmmer can perform different operq’rlon ’rha’r
include filtering, amplification, modulation, cncllog
to digital conversion coding and many others.

suitable for tkdnsmission through the. physical.
channel = or the- trcmsmlssmn medium  of the:

~Cont. Communication Systems

o Channel the’ physnccl medium used to send the

o, Chcmnels adre etfher.

. & Wired h’cnsmtssmn mediums such as ’rvws’red pcur,
coaxial cable, optical fiber

I Wireless transmission mediums like air, light, and sound.

i 1 et RFID- . .
- Care e
= &
\ R .
. i um)
3 e
. v‘\"“'. e ‘
Platform
) 1 n.) e o
' !{— Srmact )
. ukt ke [T

http:fiwww.tubih.defksfimgAireless_Communication PG hitp:/igoo gIMESeHK

SIgncl (message) from 'rhe ‘rrdnsml'r’rer to fhe rece:ver. '

5/8/2015



ConT Commumcc’non Sys’rems

o Ph')'!sicdl-c'hdririels' have l'imitdfi'onsﬁ"
o Limited channel bcmdmdth ( Frin >f )

E!Nms‘e' unde51red random  signal corruphng " the

1rcnsm|t'red signal and- degrqdes it
u Noise sources: : ‘

L] EIecTromc equnpments in the communlccmon system
" m Thermal noise: thermel ugltuhon ‘of electrons

- m Atmospheric elec’rromugnehc noise (Imerference with another
signals that are being transmitfed at the same channel)

. 1 Attenuation: weaken the signal s’rreng‘rh as it ’rravels
over. the transmission medium - _ o

i:iDeluy: limits the data rcn‘e or s‘peedj,;ovér']the
transmission channel ‘ '

Cont Communlcq’non Systems |

31 02, 03 ©d 05 €8 01 03 08

Figaee 2: Eflect of noise an some iransinitted signal.

Fundamentals of Digital Communlcatiens and Data Tr Ission, Dr. Faisa) Allurk}, page 9

21812015
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Cont. Communication Systems

O Receiver: exiracts the message 5|gnc| con‘rdmed

_ the received SIgndl

0 Delivers the actual information generated from the
source into the .information sink in « mecnmgful way
to the user.

0 Example: convert the transmitted, as electromagnetic
wave, - information (speech) into understanddble
sound wave., ' Transducer Elreoccté?sng?s Transmitter

; ﬁ EEIegtronicJ, 1

E!ecrroma etic
e Mww

htpfgoo.gUBXAYg -

I

D Informc:hon : smk: the‘ final - stage of the
“communication process. ‘

2 Human or a data storage device like a disk

- 2/8/2015



Summary

O lmpor’rcmce of communications.
O th:’r is meant by communlcahon

-0 Overvnew of communlcc'rlon sys’rems basnc
componen’rs

2/812015
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. ENC 251 SR
DIGITAL COMMUNICATION

'CHAPTERT INTRODUCTION
PART2

- 'Chapfe:r']l '-‘Obie‘.ct_?v_efs

- m] Qver.'view of a 'd-i'gltd'['communlcq’rlon syS'rem' .
'D’Ur’idéfé‘féﬂd" “each componen’r of  ra.: .dig'_itdl"
' commumccmon sys’rem '

! DISCUSS the advqn'rage cmd dlscdvcnfcges of dlngCll
communlccmons : |

2/8/2015



Digi’rdl Communication SYs’rém*

O Our focus is dlgl’roi communlca’nons sys'rems where
da’ra is represen’red in bmcry format.:

O Flgure 3 shows a general block dlcgrqm of a.
dlngC1| communlcq’non sys’rem. ’

Tnférmation AD - Source | | Channel
Sques - [ i,Coavér;:r_:-_-’ Encodst: ) Encoder

" Médutetor:

:Iﬂf"f"_ff?ﬁ_”ﬂ DA || Source Chamel
L Sink  [*] Converter [€7] Devoder [T Decoder,

 Demodulator, o=

| Figare 3; 131oc:k‘diag'rm‘n of wypical digital cmm_mmid\ﬁol_x systein. -

Fundamentals of Digiat Communieatlons and Daia Transmission, Dr, Falsal Alurkl, page 5.

Con’r Dlgl’rql Commumco’non Systemr

o InfOrfnaiibn So'u‘rce": geﬁét‘ates'meséages. _-
.1 Discrete or Digital source is one which produces a. flm’re
-set of possible messages or outcomes..
‘ R keyboard, binary numbers, hex numbers, etc. . _
@ Continuous or an Analog source |s one whlch produces
-an infinite-set of. poss:ble messages or outcomes. -

Mlc,rophon_e, s_peech sllgncxl, image, video, efc.

- 2/8/2015

o



Cont. Digital Communication _S’ysfem

m| Anqlog to dlgli’dl converier A/D: convert cmclog
signal to digital 5|gndl

01 If source produces digital data then there is no need fo
use the A/D converfer ' '

» 3P Wontim

Tins

| (LR n | a | T ]
1001 11 1001101704101 1311001060110

- Amadeg i Dighal Camveraian

htip:figeo.gliaTey2

| .‘ 'Conf Dlgn‘cll Commumccmon System

o Three basic steps to convert cnolog signal to 'digim[ >
signal:
.- Sanﬁpling' convért a -.continuous ’rime‘ sighal to a
discrete time s:gnql i.e., make the 51gncl have values
Cat cerfcun periods of fime.

2. Qucn’rlza’rlon convert the amplitude from connnuous
values to discrete values. ‘ . ‘

3. Coding: assign o binary code to every finite
amplitude value. '

21812015



Cont. Digital Commun_'icqﬁoh' Sys’rem

|::| Source encoder (Dqtu compressnon)

- Represen’r The Trcmsmlf’red symbols or da‘rc: effluenﬂy

L] Transmitting. the same: mformctlon with . smaller overc:ge
number of bmary dlgl'rs to be used in. represen’r:ng the
. messoge -

data without affecting the meaning or valve of the dc'rq
# Reclundant mformohon ‘word "write" is pronounced rite

d Irrelevant information: high 'Frequency components in speech
5|gna]s or music signals ‘

. Humun eqr cun only hear: vonces wnfh frequenmes up to 20 KHz

O Remove redundan'r and trrelevanf mformahon from 1he

0 Two encodmg me’rhods-

1 Lossless codmg or Lossless data. compressmn'
. @ Data is. compressed with the .ability to reverse the encoding
process ‘and return fo the original dcﬂa form without any loss
~indata B _ o
4. Lossy 'coding'or‘Lossy data c'orﬁ;iress"idn-
m Unessenhul or not important dotu parts are Iosf
® Lost dqta cannot be recovered '

_B Results in reducmg the size of the dota severol times more
than Iossless compression T

Con’r Dlgl’rql Commumccmon Sys’rem -

2/8/2015 *



Coni' DIg!TG| Commumcchon Sys’rem

o Channel eéncoder (Error Correction): -introduce
" redundancy in the binary data that the receiver can
use fo detect and possibly correct errors due to noise.

o Modulator. represents the data in such a. wcy to
make it compatible with the channel.

o Channel: media in which the signal propagates. The
channel' adds noise to the transmitted da’rc whe’rher
the 5|gno| is analog or digital.

hlip:tien MikiZFil

\}v;‘

wg:_‘g,ﬂ R z‘rff

U e L v o TS o Lty
~ NS AR, i AT e
B Lo 3‘ g LNy -q SR AN

o Dein‘odulaior:-: reverses . The ‘operation of -
modulator.

o Channel decoder: détects and corrects any. errors in
the data introduced during transmission.

O Source decoder (Data decompression) : decode |
the data and represenf it in :’rs original binary form.

the source decoder will perform unzipping process to
recover the data.

= . fhe data is compressed Usmg some zipping fechnique, - |

2/8/2015



Con’r DIgITC1| Communlcahon System'

a |nformcmon sink: ’rckes the recelved messqge and

| accep'rs I‘l' as 'rhe orlgmal ’rransml’r‘red message.

! h{lp;ffgqn.gWrDDBUA 7 hlip:.'.'guu.glﬂqam}f' e . . ¢ hiip:#gon.glKGowh

r_:| Dlgﬂal to analog converier D/A converfs bmc:ry"
data to o sequence of symbols which is then

. conveérted to" analog signals Through fll'rermg dnd'
‘_ln’rerpola’non processes..

"Sundmcxr_..y

DA deITGl communication sys’rem has several

rellc:bly

@' The process of conver'rmg cmc:iog 5|gnal to dlngQl

and codmg

cnd Lossly codlng method.

| components . workmg together fo send messages

-51gnal occurs on three steps, sdmpling, quantization

o There are two encoding me’rhods, Lossless codmg‘

2/8I30ME



ENC 251
 DIGITAL COMMUNICATION

| ;_. CHAPTER 2: ANALOG TO DIGITAL
~ (A/D) CONVERSION
PART L

- Chapter 2 Objectives

oA very br[ef m’rroduchon ubour waves cmd thelr )
termlnology ' ' |

0 Dlscuss ’rhe representdhon of 51gnc||s in. flme domam
and frequency domdm

) !::1 DISCUSS ‘the process of converhng cm analog sugnal
 to dlgl’ral s:gnal : '

- 2/8/2015



Whon‘ is a. sngnqle*

|5 Asignal is basically some
infofmqtiqh encoded as o

que. £ 05 ,2\n;ﬁlimi<lu .

4 A I
Everyrhing travels as c kS 0

. & -

WCIVG. : ‘:: "

-t X )

] Electrical 51gnal is usuclly _ baid
e 7 amE o W 62 3 o
represen’red either in hme T Tins/ B O
domc"n or frequency -..Ei'g,urcj]:‘.f-\nn_ldg‘...‘}h_l Whaye. )
domoun. :
|+ gt sepanicte comcsmoimesisignainstes.par

" 'Wave Properties™

Wavel‘en_glh .

[:1 quelengih - "The distance
‘betweeh dny point on a wave dand |
the equ:vqlen’r pom’r on fhe next 1
phase. ‘ : Mo N

Ampiitude

O Amplliude' The sfrength or power” '
. of a wave signal.

B Frequency The number of times
'rhe wavelength oceurs. in one
‘second. '

*hup:Hvwww.madiacoll jaudlo/03Mmave-properties.tim

218/2015
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Cont. Wave Properties

0 Phase: measured .in degrees, indicates the corrent
position of the ‘wave relative to a reference

position* .
In Phase | 180"OutofPhase | Different Waves
Waves add together " Waves cancel aach other New wove created

% BVAVAVA A%
AL
A/\/\ IRVAVAVIR IV ,\/ YA

]
[ . . -
hitp:ifwwew, i jec din/01 fwave-l himi :
: "';hllp:l!\nwzu1 0.5lmns.uluc.edu.'(Gh).'guldeslrs.'rad.lheslcsi\w.;xmi'_
Time Domcun
m?@; n %WW“%M, TN v;w-—vugpr "“'W": T

o Signal value is pIoT’red cgc:ins’r time,
- o The valve of this 5|gnal can be de’rermmed at cmy
instant of time. ' '

g

5 .

£

z

g

3

=

0 0.25s . 0.55 0T s
o Time

© Figure 2 JElz Sin Warve; sin{2adt)

fR—— hepericle pdr




. Frequency 'D'or'nqin

6 The ‘domain- “for qnqusrs of sngncrls wn‘h respect
to frequency, rather than fime.

|:| Shows how much of the srgnql Ires within each gwen
frequency band over a rdnge of frequencies. ' |

Includes mformcmon on ’rhe phase shlf’r that must be
' applled to eqch sinusoid in order to be able fo

recombine . ’rhe frequency componen’rs to recover fhe'
original fime signal. |

o | ntipsrenwikipedia, crgh q _domain

'.:Cen"r;”-Frequ'ency Domain

oA srgnql can be conver’red between the flme and

frequency domains some mathematical operqhons
- cqlled a ‘transform.

o Four|er frcmsform is used to: ’rrcmsfer a. fime domcnn
| srgnql to frequency domcun. |

X()- [ ctoer=ar

—_0

2/8/2015



~ Cont. F.req'uéhcy Domain

O The ‘inverse Fourier transform is used to transfer
from frequency domain to time domain.

x@ =] X

Time Domain vs Frequency Domain

T
i

R N

4

Lecture notes by Abﬁullah Almeéhal, Chapter 2: Analog 1o Digital Conversion {A/D), slide 4

- 2/8/2015



Spectrum

g The spectrum of o :ngnql is a-plot whlch shows'the
range of frequenctes the SIgan con’rcuns.

0 Shows how the. signal umph'rude or power is
dls’rrlbu’red asafunc’rlon of frequency o

| Bqndllml’red Slgncﬂ

l?r’,ﬁ;ﬁ

"m A sngnal who has.a finite spec’rrum. - .
‘0 Frequencies of a 5|gnql is contcuned erhm ot flm’re
' rcnge of frequenaes. SRR

: "13 The spectrum of 'rhe signal - becomes smaller ond
approqches zero. as. the frequency f increases.

' : - Freg. -
-~ fu +fu. a

Lecture notes by Abdullah Atmeshal, Chapter 2: Analog to Digital Conversion (A/D), slide 10

2/8/2015



Converting an Analog Signal.to o
2igital Signal (A/D).

- 0 Three basic steps:
1. Scmpling'
"2'_."_ Quantization: convert the amplitude from conhnuous
values fo discrete values.

3. Coding: assign a binary’ code 1o every finite
amplitude value,

Sczmplmg

n| Convert a connnuous ’rlme 5|gnc:| to dlscre’re time signal.

oA dlscre’re time . 5|gndl is one which. is deflned cﬁ specific
vc:lues of-times. .

spaced regularly.
@ V({t) is an analog signal
B V(nT,) is the sampled signal

. B T;= positive real number that represent the spccmg of the scmplmg
time.

. ‘B n = sample numbet integer

0 Sampling is done by taking “samples” at specific ’rimes-

Leclure noles by Abdullah Almeshal, Chapler 2; Analo{; to Digital Conversion {A/D), slide 12

21812015



| .’c_cn,_f_.,.;s‘ampnng

"0 The closer the 5|gno| samples that is. the smaller the -
value of T, the closer the sampled ssgncll resemble
the original signal.

anmn i IRk I
IVARER ]

* . Figure 8: () avnlog signal befgre sampling  {1b), analog signal alter sarspling:

Fﬁndamanials of I:ilgllu'l Gommunications and Data T. n, Dr. Faisat Allurkl, page 19

| Con‘r Sampllng

-0 T'h'.e ; signal ‘vdlues-gbe'twee',n ,sﬁ_ccessive sampled

valves are lost. _ .
-0 Can we go back from a discrete time signal to the
original analog S|gnql ‘even ‘rhough some vqlues
‘were lost?2 ' '

m YESI By satlsfymg condl’rlons glven by 'rhe sampling
theorem '

21812015 °
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Sc:mplmg Theorem

0 A bandlimited signal having no specfrcl componen’rs
‘above f . Hz, can be determined uniquely by
values scmpled at uniform mtervals of T, ‘seconds
where Tog b ' '

2fmax

O The signall must be bandlimited that is hdvmg a.

flnlfe spectrum

o The sampling frequency must. be at leqst twice the -
signal bandwidth. '

S_um'mfd_ry

1 Elec’rrlc Slgnq[s can be represen‘red gither in T|me _

domain or frequency domain.

D Frequency domain is the “domain ' for analysis
of mcﬂhemohcal funchons or 5|gnc1[s wnTh respect
to frequency

0 A bandlimited signal is « S|gna| who has a finite -

‘ spectrum

O Bandwidth is the difference between the upper cnd
lower frequenmes in a spectrum plof.

*hitp:ifen.wiklpedia KkiFrequency,_domaln

 2/8/2015
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- Con.’r'. Summary

‘|:1An analog 5|gnczl can be- recons’rruc’red from . a’

- sampled signal wn’rhou‘r any loss of |nf0rmoﬁ|on if
and only if it is:

1 Bandlimited 5|gncxl

‘B The sampling. frequency is: ut Iecst tW|ce the 5|gnol
bandwidth

Leciure notes by Abdullah Almesha!, Chapter 2: Analog 1o Digital Conversion (A/D), slide 15
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. ENC 251
"-*DIlGITAL COMMUNICATION

CHAPTER 2 ANALOG TO DIGITAL

(A/D CONVERSION '

o Discuss the process of converhng an. cmalog sugnql
to: dlgl’rcl s:gnal B

- 2/8/2015 |
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" 0 Three basic steps:
T -S_qmpling
2. Quantization ”

3 Coding’

- Quantization
o The sqmpléd sighcil has valves at specific"ﬂmes
- which are Ts.apcr’r."‘ o -
D‘"T'he"?_dﬁ'wpliwde-of‘th’e discrete time _-samplés takes on
infinite number of possible values. - o

‘o Quantization is .the" process ‘of converting the
“amplitude from continuous values to discrete values.




Cont. Quantization

) [

Ry el

o The amplitude of each pulse is expressed as a level

from a finite number of predetermmed levels.
0 Each level can be represented by o symbol or a
number from a finite set.

0 To start the quantization process, we first define a
quan’rl’ry called the- dynamlc range of a signal.

}vg

Cont. Quqntizdt.ion_

&1 Dynamlc rcmge. the difference befween the highest
to lowest value the signal can takes.

2
/ Maximum signar va| ug
5%
. - T - Dynaie Farge
- //-\\. -7’?‘\ o
RRVANYA
SR Sy wyim
- - Minivm SighsIvan
b R e

Figure 7: Dynmnic range of a random signal,

and Data Transmission, Dr. Falsal Allurki, page 22

of Digital Comr

2/8/2015



-Cont. Quantization

0 In the Quantization process, the dynamic. fange of a
sngnol is divided info'L c:mphtude Ievels denoTed by
mkwherek—T 2,3,. '

.l is an integer power of 2, L = 2% where x is_the

" number ‘of bits needed to represen'r the omph’rude‘
“level. : -

o For example, lf we dlwde the dync:mlc range to 8
levels, L = 8 = 23, therefore three bits to represent
. these 8 levels. I |

- Cont. Quantization

s The ampll’rude Ievels are cqlled represenfq’rlon
levels or reconstruction levels

i Ecch Ievei represent a range of vqlues

-'D If a: 5|gnol sample falls within some parhculqr range’
or level it is- c155|gned a. specific vq!ue wn‘hln this
~range. - -

2/8/2015-



Examplel

' = Suppose we hcwe an analog S|gnal with the values .
" between [0, 10].

& We can-divide- the signal into four Ievels.

2 Next, for every level we assign a value if fhe srgnc:l
values or its samples ‘fall within the some range m, it

o The resulting quantized signal is :s'ho‘wn' in figure 8-b.
2 In this example the quantization process is applied
. to the continuous signals without any. sampling.

.‘r\l' - . - “-_‘ Mm._.
e [ N
g \is A : _
\ | '
\ /' \ h RARE 7T

Figure 8 (a) signal before quantization {h) signal after quantization

Fundamentals of Digital Gommus and Data Trar Dr, Faisal Alturkl, page 23

takes on this particular volue. ),
EViNE f
My=125 i <o) <25 !!: '\ Il‘ ! ‘
My=375 if 25<u() <5 | 1
Ql(t)] = o ) I
My=025 if 52u(t)<7h . I N
My=875 i TS<e(t) <10, {-f -
' ' ' IREIVANDSY
F of Diglal Commuries anan!aTmnsmIssI;m. Dr. Falsal Allurki, page 2223 Iligure 8: (a) signal l:t.*}fol'é cuantization| -
Cont. Example
T Lwﬁg“ﬁrtﬁﬁ R R O Ry P s s oo,

2/8/2015
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Con'r Example]

0 Flgure 9 shows a discreté. time voliage v(nTs) signal -
and its corresponding quan’rtzed ver5|on denoted by .

Q[v(nTs)]

T A I TR T e R TR R ]

B L i m

Figure 9 (a) signal before ¢quantization  (b) Quantized signal

Fundamentals of Digital Comim lons and Data Trar Pr, Faisal Alurki, page 23

Qucn‘rlzq’rlon

G. The more quqnhzqhon Ievels we ‘que the closer ’rhe
qucmhzed values areto the c:c'rual values.

Lo Quan’r:zq’non s'fep

Dynamzc Range S~ S
No. of Quantization levels. - L

A=

u Thé‘smallef the A the smaller the error..

| Lecturanotes ki Abdulinh Almeshal, Chapler 2: Anatog to Digital Converslon (A/D}, slide 23




| “Cont. Quan’rizq‘rion'

orlgmal sqmples and quantized samples.

Quaﬁz‘ization Error =v(nT )~ Qv(n T )]

o After quan’rlzcmon process The ‘signal becomes
d[screfe in time ‘and in amplitfude.

o Qucnhzchon error is the dlfference be’rween ’rhe

TR TR -'s R R

0 COding'is the process o'f'ossi.gning‘c' bindry code
to each quantization level. o
W Each quantized level is 'encoded into I bits where:

x = 109'2 L, where L is the number of quantization
levels.

o For example ‘suppose we hdve « s:gncd whlch is
qucmhzed to 16 Ievels.

Stey p Code | Step | Code | Step | Code | Step | Code
0 |aoop -4 0100 | 8. [ 1000 | 12 | 1100

Fundamentals of Ofgital Communlcalions and Data T

ion; Dr, Falsal Allurki, page 24

L oo | 5 Town| 9 [or| 13 ] o
-2 080 G .U[lﬁ 10 1010, 14 g |
8 (oo | 7 o 1wl | n

| 2/8/2015



| :Con’r Codmg

Tigure 10z {a) $ignal coding 2 {b) signal coding ford {c} sizual coding for §

6 of Digital G r s and Dala Transmisslon, O, Faisal Allurkl, page 25

"Converﬁng an Analog Slgnc:l ’ro a’

tal | '.
m-Dlg.' ofr_L.:Slgno (_A/D

1 After the A/D conversion process the signal is reody
to be transmitted as a digital signal:

D The next step in the d[gl’rol commumco‘non block
dlogrom is to poss ’rhe signal 'rhrough 'rhe source
encoder. . ' |

o The source encoder represem‘s ’rhe do’ro efflcren’rly,

e, removes redundcnt and . lrrelevcm’r information

and the represent the data with The fewes’r number
of bl’rs ‘

2/812015 -



| E,xampleQ

"1 Given the below analog signal in time domain
- having @ maximum frequency of 10 Hz.

Find the minimum sampling freq'uency

w

LI I T
A S S

M

-

TR R

[u Quon’rlzahon is ’rhe process. of - converting the
amplitude from continuous values to discrete valués.

to lowest value the signal can takes.

“both discrete in time and amplitude.

0 The more quantization levels we take the closer the
quantized values are to the actual values.

0 Coding is the process of assigning « bmary code to
each quantization level. -

0 Dynamic range: the difference between the hlghes’r,

0 The quantization processes results in a signal that is

2/8/2015
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Measure of Information

‘-_'D What is- mformol’rlon2 How is it meolsured2

l:l Scientists in the field of lnformo’rlon theory hnk mformqhon '
“to the e!emen’r of surprise or uncer'rc:mty ’

l:lThe more uncertain a person about. some event the more
} 1nformqhon this person will get when this event oceurs.
a ThIS con be expressed in terms of probqbrhty

lIThe more probuble ari- event to oceur: 1he 1ess the information
we get if it occurs, ‘

.= The less: probable an even'r to ‘oceur 1he more mformchon wel ~
.get |f lf occurs. : :

 Example 1

B The proboblll’ry of TI‘CIf'FIC jams in ’rhe -perlod from
" 7:30 - 8:30 AM, is extremely hlgh |

oo a A person quvmg home and going to work a'r that
time:

o Not surpnsed if he sees hlgh volume of cars.
R - Surprlsed if streets emp'ryI o :
" g This ‘person will start, talking: to h|s fomlly cmd
frlends about this. unusual exper:ence
O Therefore, weé say the: case- of empty s’rree'rs durmg '.

rush hour is more surprlsmg and hence gives more
lnformo‘rlon




Example 2

o0 Summer ir in Kuwcn‘ is very hot and it does not’ rain, -

lPeop[e aré not surprlsed if Tempercﬂure reaches over _
40°C. ‘

12 People will be surprlsed if tempercfures drop below" |

30°C or it rains during the summer season. .

o The chance of these two events occurrlng are rare,
- people will- talk qbouf it as some. klnd of  new
information. _, o o _

G More. information is given to people when the
chance of happening of some-events is very small.

0 For any given even’r ’rhe frequency of. occurrence of
this. event. is used to define « number called The
probablltty of 'rhdt event. . B

OCCUt.

"0 Probability is a measure of how I[kely an event is tor..

20912015



-D"Experir'rient:' any * procedure that safisfies the
followmg two, condmons '

: mfmlte number of tlmes L

outcomes

o For exqmple, 'rossmg d coin or rollmg a dlce or
.selechng a card from « ‘deck of c_c:rds.

I:!The experlmenf ¢an be repeated Theorehcally, an‘

l'.lThe experlmenf has - o well deflned se’r of p055|ble"

Cont. Concepts of Probabily

.o Sumple space: the set of all possible outcomes that
» - can,occur when performmg an- experlmen’r

“when performmg G experlmen’r
‘g Set: a collection of elements.

the set of the English alphcbe’r the set of smokers ina
group of people etc. ‘

o In probabllny a flnl’re se’r can mclude one or more
even’rs - . '

- IZI Eveni one of the possible outcomes thqt can.occur

g For. example, the set of non movmg objects in a room,

- 2/9/2015
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ConT Concep‘rs of Probablln‘y

o Probdblllty is Imked to whcﬁ is known as a rdndom :
experiment.

0 An. experiment ‘is rqndom if it saﬂsfles three basic
condl’rlons. o . L JUARRY
1. The experlmen'r is '_repeafab[e under 'i'dem;icall -
| _.condmons. : ‘ - o
2. On_any trial of. the experlmem‘ ‘the. outcome s
~ unpredictable. o T

3. For large number of frials of the experlment the -
outcomes exhlblt S'I'CITISTICCI| regulurly

Con’r Concep’rs of Pl‘ObCIbIhTy

o Given some random experlmem‘ 'rhe rules “in
assigning a probablllty to every. possible event::

1. There exist c: sample space S, which represents fhe set
: ;'of all p055|ble elemen’rqry events or. outcomes

oo A clcss E of events: tht are subsets of S,

3 A pl‘ObillITy measure p(.) assigned fo.each- evenf A in"
 the class E, with the following properties: ;

2 The probablllty of the sample space is p(S) =1 this is called 1he
certain event or the sure-event. Co

. B The proboblhfy of any ou'rcome ‘in the’ experlment is a number'
"between zero and one

_‘ a If AUB is ‘the union of two mutually excluswe avents in E, 'rhen
' p(AUB) = p(A) + p(B).




Com‘ Concep’rs of Proboblln‘y

:I'fr:] Two events ore mutually eXcIuswe |f ’rhe occurrence
..of ‘one. “of them excludes ‘rhe occurrence of the other. -

If one of ’rhe evenfs oCCurs 'rhe o'rher ccm not occur

For example, in a true fqlse fest,. ’rhe answers are..
mutually excluswe

o If: ‘rhe answer is. 'rrue ‘rhen it cqnno'r be folse and if it
s false it can not be frue.. '

~ Example 3

7: o Expenmeni Toss a fair com TR
| = Posslble outcomes' heocl {H} cmd ’rcul {T}
o Sample space seh S = {H T}

0 Subset: Boih the event {H} crnd the event’ {T} are
subsefs of the sample space S... S

.':;El Slnce ’rhe chance of getting o hecrd 1s The sc:me as
- the chance of ge’r’rmg a tail:

fp)=1/2andpM=1/2 -

2/9/2015



Excumple 4
‘ngw‘ T

Experiment: role a dice once.

’Pbss‘_ible outcomes: 1,2, 3,4, 5.0r 6

Sample space: S = {1, 2, 3, 4, 5, 6}.

All events are equcrHy hke!y to occur

B p(l) = p(2) = p(3) = p(4) =p(5) = P(é) = 7/¢S :

O What is the probability of getting the number 7 in one trial2
I b(?) =0,itis impo.ssib!e fo 'fhe nufnbei' 7 o occur in one :;ole

‘oo o o

o What is the' probablhfy of gefﬂng a number Iess than 7 in
one tricl?

Ne1 p( number < 7)=1, because we are cermm fhdf any number we:
get in one trial is below 7.

Excimple 5

= Assummg all outcomes are equqlly hkely
m There are three ways of getting two bITS
© P(iwo 1's per symbol) =3/8.

0 Experlmeni dlscre’re source. whlch genera’res 3 bl’rs |
per symbol | o : o
0 Sample space: S = {000, 0'01',' 010, '011,‘,‘100, "
101,110, 11 1} ' ' :

0 What s ’rhe probabih’ry fhcﬂ we get two bmary 1 s ‘
per symbol? :

-2/9/2015



5

. Experiment: draw a'random card out'of a ‘deck of ‘52 cards .
Sumple space: all poss:ble 52 plc:ylng cards '
“What is the probablll’ry of @ kirig in one drciw2
11 There are four kings in a deck of cards

oo mpf drawing o king card.) = 4/52. :
I o tht is'the probqblllty of getting a ¢ard from hear’r denomlnuhon?

' =R There are four deénominations heart 5pc:de, clubs, cmd dlamond - )

" @ Each denomination has13 cards . o :
1 p( cord from heart denommahon) = 13/52 = 1/4 ‘_ )
O What is the probqblhiy of ge’mng ored card?:
"' B Half the cards are red-and the other hulf are. black
. o p(redcard) = 26/52=1/2.

"13 .D

" Example 5

".‘_:‘[Il E'x'pe'rlmeni'
balls, and 15 white balls. ﬂ
| "jm Flnd the probablllfy of selechng a whl‘re ball.
- ;,,D The To'ral number of balls 5 +. 10 + 15 = 30 balls ‘.
o p(whl're -—15/30 = '1/2
g p(red = 5/30 = 1 /6
e p(block) = 10/30 =1/3

‘@ box con-‘roin: 5 f‘red"bdlls, 10 black’

2/9/2015



-0 The concepts of probablllty are experlmenf sample -
outcome, scmple space, évent and set..

0 The Iess probdble an event fo occur ’rhe more
" information we get if it occurs.

20912015
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- }_‘,;-P‘i"o-‘bab‘ilif){ Review -
this sample space.

" A, Bor ‘both: cmd it is denoted by AUB..

UB)= P(A) -+ P(B) ‘P(A N B). _
a The [infersection of two sets A ond B is- The sef of qII
| elemenfs common'to A and B and it is denoted by A M B.

byP(AﬂB)-—P(A)+P( ) P(AUB

tm leen ci sc:mple space S le‘r A und B be some subse’rs in
] The union of two sets A and B is 'rhe set of csII elements in

o o. The probablllty of the union of two. events is. glven by P(A

o The probqbllny of the intersection of two events is glven '

:‘Con’r PI"ObCIbIIITy Rewew

0 The compllmen’r of a set A denoted by A° is the se’r
., of all elements not in. A
L mAc=SIA |

"'-"1:1 The probablll‘ry of the compllmen’r of an event A
EIP(AC)“1 -P(A) |

21912015



Conf Probablllfy Revsew L

a For mutuqlly exclusive evenfs
] P(A UB)= P(A) + P(B}
o P(A n B)

mu’rualiy exclusive , _
o1 if the even’r head oceurs ’rhen the even’r ’rcul W|II not

occur
O If the event tail occurs the event head will not occur

. 0 In coin ’rossmg exc:mple ’rhe evenfs head cmd toul are |

Az

O P(head N 5) P(H5) = P(head) X P 5) 1/12‘

~ @ The sum of all the probablln‘les _
P(HT )+P(H2)+ +P(T] )+P(T2) w=1

’ Lﬂciura rmles vahrnad Albaqsaml PmbabﬂllyRBview Parl 2,slide 5

'CO-n’r_'."l'n:die‘p'ehd'énce ‘ L |
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Example 1

| ;i‘m A card js'selected at rc:ndom from an: ordmc:ry deck
- of 52 cc:rds '

"“-1:1 If E is 'rhe event. 'rth the selected ccrd |s a 4 and F o
IS the event thertit. IS o spade’.‘ ST

WE cmd F.are lndependent .'

| '_'DPE) 4/52 - .

| akE=13/52 ! :

{ m P(E n F = P(E) x P(F) = 4/52 x 13/52 = 1/52

. '.E"xqrﬁp-l'e? -

1 ‘o Experlmeni. ’rossmg q coin and; rolllng a d[ce once-'. |

1" o' What is the probclbllny of ge’r‘rmg a ’roul and even"

number2

" o Rollmg a dice cnd ’rossmg a‘coin are two' |
mdependen’r events.

| ';.,:‘_;:;ig P(Toul n Even) = P(Tcul) X. P(Even) 1/2 x 3/6 = 1/4

" 2/9/2015



lndependence

0 Suppose we have N events Wthh are mdependen’r
Namely A1, Az, Aa, coey AN

0 Then it can be shown that:

CUP(AN AN Ay

Fundamentafs of Olgltal C

$ and Data Tr Dr, Falsal Alturki, nage 35

0. The result of: mdependence can be exfended to
more than ’rwo events .

Dependence

=] W.hen.' two éeqﬁenﬁal' events cré.dependeﬁﬂ' "r_he__n |
the probabilities CHANGE on the second event,

~ depending on-what happened in the first event

Bl There are 3 Red 4 Blye cmd 5 orunge bd”S ina box

EEThe experlmen‘r consists of 'picking out 2 balls wnfhout
pu‘r’rlng back the ball inside the box.’

o Fmd The probability: of havmg a red bqll THEN c blue o
bail.

"Lectura notes by Ahmad Albagsami, i’r'nbability Review = Part 2,slide 6

2092015



* Cont. Dependence

~ { tetiura.noles by Ahfnnﬁ Albaqsémi. Probabillly Review - Par 2, slide 7

- ‘i]“ll’i‘ck'-zb-‘qus s'e_qlu_(-:-n’r_i‘cily‘ R E B .

0 The sample space S = {RR,RB,RO,BR,BB,B0,0R,00,08}

N Con’rDependenCe -

" o The'-‘.‘.2/‘1 17 is called. the condmonql prob

' Leclum nates by Atmad Albagsami, Probabilily Review - Parl 2 slida8

6/132

sz
-
' Ay

CIbIlITY

2/9/2015



Con’r Dependence
0 | R S AR e

O Condl’rlonal Probabihty is represen’red as . P(BIA),
which. means the probability of event B occurring '
glven that even’r A has olreddy occyrred

0 P(A)P(B [A) = P(AB)
i P(A) means the probcblhty of event A occurrmg

o P{AB) means the probability of even'r A occurrmg
THEN event B occurrmg

Leciura notes by Ahmad Albagqsemi, Probablllly Review = Part 2, slide §

Conf Dependence

- = What are the pro"bc:biliﬁjes‘in.this case...

. humberat balls In.tne " [numbser of alls In the 1 . T

[Xv box that arg X {nX) boxthatare ¥{n¥] - . -|P{X}=nx/12 P{V|X}=n¥/11. - P(xﬂnr‘(x]'P(le)

- . 3 -2 _ oas 0.161812182 'nn45454545 o
ke El 4 u.zj | oasassszed 0.090009091

o 3 5 0.2 0.454545455| 0.113536364

R 4 3 0.933333333 0272727273 "_c.ooosoeegy

E 4 3 6.99333333 G.azararam 0096309091

S 4 5 0,332333333 o45dsesass| o.s1s1s187

oR 5 3 n.416666657 027272727 0.113636364

on 5 4 . n416666667 . 0.363636364 . _u.151§15152

bo . s 4 o4tsceeser] | c.asisacied) L oasisisisy

. - SUM: 1 '

|Leclure notes by Ahmad Albagsami, Probability Review - Part 2, slide 10

2/9/2015 -



Con‘r;.Deoenden_ée -:

o What is the probdblllty 1hcn‘ ared bc:]l is plcked Then a
“blue. ball is plcked?-' ‘

. mPR)=3/12
thmm 4/11 e T
o P(Red then Blue) = P(RB).= 3/12*4/11 =12/132
'-“_lj In The example of the dlce and coin, the conditional
probability is the SAME as the pl’Obil'l‘]‘y of the Event
o P(B|A) = P(B)
. OP(5IH)=P(5)

' I:I “This' rule only Gpplles if the events ore |ndependeni

Lecturs noles by Aimad Atbagsaml, Probabllity Review—Parl 2, slida 41

..o The probqbllny of the compllmen’r of an even’r A
mPAY =1 - P(A)
- ‘rfl: Independence in probdblhty when 'rhe occurrence > of

one evenf does not dffect the occurrence of another -
event.” ' '

o If two evenis are mdependent we may use ’rhe'

- muh‘lp[lca’rlon rule.

'.':'-.D Dependence in: probdblllty when 'rhe occurrence of K

one event affects the occurrence of ono’rher even’r

© 2/9/2015



ENC251
DIGITAL COMMUNICATION

CHAPTER 3 SOURCE CODING
PART 3

s Measure of mformahon -
o Wha’r is enfropy2 _'
O Source Codmg Theorem

| o Huff_mcn Codmg Alg_qr_l’rhm"_' . S

Pubhc Authorlfy for Applled Eclucc:’non and Trdlnmgl
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 Measure of Information

‘g Af’rer reVIewmg fhe basm concepfs in probablh'ry
“theory..and presenting’ some exqmples to. lllus’rra’re.
these concep’rs. _

' |:| We mow apply’ some of the - obove concepts to
- determine the qmoun’r of mformc’rlon ob’ralned when‘
conduc’nng some rqndom experlmen’r

| --.COn'r.‘MédS'Ufe- of Informationf

o How cqn we measure mformc:mon2

-1 Given a dighal source with N possnble outcomes ‘messages” ‘
the informdtion sent from the digital source when” the i
messqge is: ‘rrunsmstted is glven by fhe followmg equcmon~ '

I _ 1____ logz(__) [B]ts]

| . P |
o T'stands for The amount of mformohon, and pj is the
probqblhfy of ‘.rhe ;fh messoge or outcome:.

2/9/2015



Exc:mple 1

o Find the information content of d message that
takes on-one of four posmble outcomes - equal[y
likely :

mi The probablll’ry of ec:ch oufcome P = 0. 25

(—)
I=log,(: .I. )= 025 _o bits
770257 lo g(2) :

Letlure noles by Abdullah Aln;eshal. Chapter 3: Source Coding, sllde.'n‘

Example 2

= Suppose we hcwe d dlgi‘ral source 1hcn‘ generates
binary bits.. '

& The probdb:hfy 1hct it genercn‘es “0” i is O. 25
¥« The probdblhty that it generates “1"is 0. 75

|:| Cc:[culc:’re the amount’ of mformcmon conveyed by
“every bit. '

Lecture notes by Abdullah Afmashsl, Chapter 3: Source Coding, slide 8
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Cont. Example 2

1. ‘_D For 1‘he b]nqry “O" _.'

= log,_(—z———) = 2 bzts

. J:J For the bmqry “1” :

I logz(—7) 042 bzts

B 'lj.ilnfdr_m‘citi'eh-cenve)('efd b,y the “0” lsmore’rhcmfhe C
~_information conveyed by the 1" '

Lecture notes by Abdulish Almeshal, Ghapter 3: Seurce Goding, sde 8 .

'{jE;g_.am'piejs- -

! A dlscre're source genera"res a sequence of (n) bits. .
How many:; posmb[e messages con we. recelve from_
fhls source? | ' et

'|:| Assummg all ’rhe messc:ges are- equally Ilkely to
~oceur, how much lnformcmon is_conveyed by each
messctge2 '

Lecture notes by Abdullah Almeshal, Chapler 2 Source boding. slide 10

2/9/2015



Com‘ Exc:mple 3

£ A discrete source ,generofeser’rher “"or 1"
0 Therefore:

1 We have 2" p055|ble outcomes - .
0. The proboblh’ry of each message is P= 1/ n

u] The !nformcmon conveyed by each outcome . |

I- logz(ﬁi‘r‘ ) =log, (2%) = nlog,(2) = n bits

0 The source generates a sequence of n blts, eoch bit
‘takes one of two p055|ble volues o

Lecture notes by Abdullah Almeshal, Chapter 3: Sourca Coding, slide 11

D';E,nlfro‘pyftgive's an average to the meosure.of i'nformoﬁ.on;

H(S) = ij log, ()

"
‘am represents 1he number of symbols or -outcomes produced
~ by the:source S.

m mz,ma, ,mM w:’rh proboblllfy of occurrence p|, pz, pa, ‘e
‘ rer L .
0 Then the over'czge informcl'rion of these message's is cqlled
the entropy. : :

o Suppose we have M different and mdependen'r messages .

- 2/9/2015



|:| Experlmen’r Select a card “at rdndom from a deck
of 52 cards ‘

o Suppose we are mteres’red in the followmg events.
- Getting a picture, getting a number Iess 'rhcm 3 and
geﬁlng a number between 3 ‘and 10 ‘

| = Calcula’re the’ en'rropy of Thls rcmdom experlment

‘Es P(ge‘r’rmg q plc’rure = 12/52 o
- d P(rumber < 3) = 8/52 |
- 0 P(3 <= number <= 10) = 32/52
T "'[:1 The enfropy is glven by .
g _ H(s) Zp, logz(—) [bits] -

- _DjThé_re'fqre,‘-'._*.-_

12, 8,
52 52

.i_ H(S) =2 0g2(_) . gz( ) —10g2( )— 1. 335 blf

2/9/2015



Impormnce of Enfropy

o The en’rropy is an lmpor‘rcm‘ in source codmg (da’ra
compressmn) o S

o Two types of data compresswn Iossless and Iossy
compress:on '

Source Cocing Theorem

o First dlscovered by Cchud Shomnon

i Source Codmg Theorem° A dlscrete source W|Th en’rropy
rate H can be encoded with randomly small error

'-'_probcblllty at any rcn‘e L bits per source outpuf ds Iong_ :
as L' > H. '

BoH represenf ’rhe entropy of the source

BLis encodmg rate of the source symbols (czverczge codeword o
? Iength of 1he source symbols)

o Encode The source Wlfh L>H —) Trivial amount of errors'

D.Encode the source with L < H-=> An error will occur.’ K

' 2/9/2015



: Cont.: Source Codlng _.'I'-_heoterh |

s

0 Where, 7 L ‘
n] P| is the probcblll’ry of occurrence of The ith symbol
o I| is the. codeword Ieng’rh of the |th symbol "

" Lossless Data Compression

03 de compressnon

. I:I Encodmg mformcmon in a reloﬂvely smaller suze 'rhcm Thelr
© .. ‘original size” : oL
u Like ZIP files (WmZIP), RAR files (WmRAR) etc

.0 Rata compressmn-

& Lossless:: compressed datd are cm exact copy of the original
data :

o Lossy: compressed data mcy be dlfferen‘r than the orlgtnol
- data. : : ‘

B .III Lossless dq'rq compre55|on Technlques.' )
L u Huffman codmg algorithm '
.o Lempel -Ziv Source codmg clgornhm ‘

Leciure notes by Abduliah Almashal, Chtipmr 3 Sourco Ceding, slida 17
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Huffmcm Codlng Algorl’rhm

0 Assign to each symbol*”dr to each outcome of o
discrete data source o sequéence of bits’ roughly ‘_
equal in Ieng’rh to the amount of mformq’non :
conveyed by the symbol in question. '

Huffmcm Codmg Algorl’rhm Procedure

L 'The source symbols are listed in order of decredsing: probcblhfy..
The two source symbols of lowest probablllfy are ussngned a “Q"

“‘l n

and o

"~ 5 Combine the two source’ symbols -into -a”new source symbol- with
probcrblhty equa[ to the sym of the two orlgmql probabilities. The -
‘new symboi is placed in the list qccordmg to its probqblh'ry valye,

s . The procedure is repeated until. we are Ieft with. a firal list of -
source symbols of only two for whlch a “0” or “1” are assugned

'+ The code. for each source symbol is found by working ‘backward:
and tracing the sequence of 00s and 10s dSSlgned to 'rhc:t symbo!
as well as its successors. : -

2/9/2015



Example 5

l:l"'A discrete source- genera’res flve symbols wnh 1he
followmg probabllmes.
fm Symbol S.has probablhty P(S) = 0 27
@ Symbol T has probability P(T) = 0.25
B Symbol U has probability P(U) = 0.22
@ Symbol V has probabilty P(V) = 017
"“-"ﬂ Symbol W has. probability P(W) 0. 09 |
0 Use. Huffmqn encodlng algorlthm to- compress this -
source. oo : 3

" | Loctura notes by Abduliah Almeshal, Chiapler 3! Soure Coding,side 8 - . . -

~Cont. Example 5

Sfep? Arrcmge fhe symbols in" a
descendmg order accordmg to their

 probabilifies

l.ecture notes by Abduilah Almeshe!, Chaptar 3; Scurco Coding, slide 19

2/9/2015
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Cont. Excmpl;e 5

= Moo ) TTTE AT
i Z i e MR A %
L %ﬁﬁm e SR i

Sfep 2: fake the symbols wn‘h fhe lowest
probabilities and form a leaf o ust

Leclura nates by Abdullak Almeshal, Chapter 3: Source Cading, slide 20

Cohf.. Exqmple 5

Ledura notas by Abdulfah Almashal, Chapter 3: Seurce Coding, skde 21

. :..7-11 i



- {Step 3:"Insert the parent node to the .

Lechite noles by Abdullah Almeshal, Chapter 3: Source, Goding, slide 22

Cont. EXGNPI-‘?—; 5

) Step 4: Repeat the same procedure on the
“lupdated list till we have only one node

‘Leciure notes iy Abdullah hal, Chapter 3: Source Ceding, slids 2

2/9/2015
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Cont. Example 5

Lecture noles by Abdullah Almeshal, \':hapler 3:.Source Coding, slide 24 .

~ chnt‘.“;:EXGmple: 5

;

Lecturé notes by Abdiilizh Afmeshal, Ghapler 3: Source Coding, slide 25

2/9/2015
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| Cont.Example 5

"+ Step 5: Label edch branch of
* |the tree with “0” and “17." .

Lecture neles by Abdullab Ameshal, Chapter 3:

Sourcs Coding, slide 26

R Lecture noles by Abdullah Almeshal,
Lo Chaptpra: Source coding, slide 27" ... .

Huffman Code Tree

$ 21912015

14



Con‘r Exc:mple 5

Leciure notes by Abduliah Almeshal, -
Chapter 3; Scurce Coding, slide 25

Huj‘fmdﬁ Code Treé |

Symbols with higher probability of occurrence ‘have a shorter .
codeword ° length, while symbols with lower - probabillty of
“occurrence have longer codeword length. -

", | Lecture notes by Abdullati Almashal, Chapter 3: Sousce Coding, Slide 20

2/9/2015
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.i._A\.:«}e's%agéj:co-d,e'wofd- length

U The Averdge codeword Ieng’rh can be colculo’red

- . b')!‘:' :

L= Z

O For the prev;ous exomple we hdve ’fhe overdge :
codeword Ieng’rh as follows :

(027><2)+(O25><2)+(022><2)+(0 17x3)+(009x3).
L 226 bits

'Leclura neles by Abdullah Almnshﬂl Chaptar 3: Source Coding, slide 3¢ B

0 The dverage -to the rheosUre of informd’rion'

(Enfropy)
H(S) ij 10g2(_)

S For the previous example we hove ’rhe dveroge -
o medsure of mformo’non as follows

1 1 1
027*10g—— +025*10g— +022*10g—— +0. 17*10g— +0 09*10
025 022 0.17

"‘H-—'-_ 009
o g

S

2/9/2015 -

16



| 2192015

Exomple 6

O For the previous example 5:
mL= 2,26 bits
o H = 2.237 bits

o L->H > Trivial amount of errors

Summq ry

_ _EI Caleulated - the amount of information ‘ob’roine'_d
““when conductmg some random. experlment '

o The en’rropy is cm lmpor’rdn‘r quanh’ry in mformahon
theory ' L

o En’rropy is the -Threého[d point \)&hich ée_pdlrafe. lossy
from lossless compression.

o Huffman. encodmg clgonthm reduces ’rhe avercge .:
number of- bl’rs needed to represen'r the symbols

: 47
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CHAPTER 4 CHANNEL ENCODING
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PART 1 {

. Chq-p.tef-_4'obied;\',és

.EI Error Detecnon Technlques

a Error Correc’rlon Technlques




- j.’,_C_h.q-n.ne-l 'EnCQd?ing |

O In deITGl commumcomon systems an ophmum system
minimizes the pl"ObdblIiTy of bit error. -

" o Errors occurs - in the ’rrcnsm:’rted data due to
‘ 'rrcmsmlssmn in a non- |deal system WhICh is 'rhe‘
chcmnel ‘

: "D The' chqnnel m'rroduces n0|se 'ro ’rhe ’rrqnsmmed
' 5|gnc1| ' ' : 3
£ Must protect the dcn‘a from noise effec’r

" B Channel codirig is the 1echn|que used fo pro’recf 'rhe .
data from noise

“.Con’r Chcmnel Encodlng

‘o Two basic cpproaches to handle ertors dqta ‘_
recelved in.digital communication sys'rems.

0 Automatic Repeat Request (ARQY
B = _Forwai"d Error. Cori'lé:cﬁon {FEC)

 2/9/2015



A-mo'mqﬁc Repeat R-eque;s_f _-('ARQ)'

data it requests that the data block be refrdnsmn“red
correctly.

commumccmon systems" :

0 The major advantage of ARQ systems
o Error detection requires much simpler decodmg equmenf
0 The disadvantage of ARQ systems: ‘

@ Retransmissions must be. sent. foo frequenﬂy lf error rqte is
high therefore Iowermg the information raie :

0 When a receiver circuit detecfs errors in a block of
1 This request conTmues un’nl ‘rhe block is: recelved:

0 ARQ" error-- control sys‘rems are 'used in | two-weay

Fbrwd rd "'Ei'r_b'r Correction (FEC) -

O Most common technique used to combcﬁ errors ’rhat can
oceur m frdnsmlssmn. - : ‘

o Used in. both one- wcy and ’rwo way commumca’non.

correct as well as detect errors.

0 Improves performance in digital communication sys’rems.

controlled way, -

£ Noise averaging: error confrol code is de5|gned so that The
receiver can avercge out ‘rhe noise over long time perlods

o Transml’rted dCITCI is encoded so that the recelver ccm

3 Coding m‘rroduces redunddncy in the Trdnsmlﬁed dcn‘d in a :

20912015



;;—,_E_rr.or._ C(;m,_éql 'COdin.'g,,

-0 The hcmnel ‘encoder  converts - the  original.
‘,’rrcmsmlﬁed data to o form - that WI” allow- the

'occur in |’rs output due to channei nolse. o

- o Introduce’in @ con’rrolled manner some redundcncy_ R
~ in the bmcry information sequence wh|ch can be
‘used at. the receiver to overcome the effec’rs of
" noise - and" m’rerference _ehcountered .. : the
"."transmlssron of the srgnal ’rhrough ’rhe channel

:-';recelver to réduce the number of errors Thar mlgh'r‘

‘Error Control Coding . -

o Codlng for data profec’rlon cgolnst n0|se can be lelde,
mfo ’rWO parts =

E.'I Error Detection: check if There is an - error in ‘rhe recelved
data or not,
- Technlques for error detection:
" Parity Check -
m Cyclic Redundancy Check (CRC)

o Error  Correction: if an error or more detected in the
received dafa.and they can be corrected then we proceed
1o the correction stage. . .

= Technlques for error: correctlon:

B Repetition Code
" ‘m Hamiming Code

2/9/2015



Error. Defec’non Techmques

| e ‘EF‘-”%’”M_‘» ”‘&W&?ﬂwx SEe lz'?'@:"" R e

~addition of one bit called parity bit.
of k bits to get « block of k+1 bits..
- of bmdry 1's in.the k bits. -

m Odd parity: total number of 1's in the k+] block odd
t1 Even parity: total number of 1's in the k+1 block even.

m Slmple Technlque used for error detechon is fhe o
O In parity bit detection, one bit is added to a block

o0 The value of the pdr!’ry bit depends on ’rhe number‘

Odd Pcm‘ry Check Exc:mple

=) G:ven the followmg sequence 1011 100
0 The number of 1's is even we make ’rhe pdrn‘y bl'l' 1
o Trdnsm[T’red mgnal is 'IO] 1 100']

- 2/9/2015



| Odd Pa ri‘r)ﬂf" Ch,eck .Ek;dm'ple

0 Given'the followmg sequence 101 101 1 :
- o The number. of 1's is- odd we make the pqrn‘y blT 0
_ _D Trqnsml’rted 5|gnql is 10'1 '101 10 -

* Parity Error Detection

o qu dlsqdvqn’rqge is ‘rhq'r if ‘an. even number of
" - errors oceur it will not be de’rected and the receiver
. assumes the data is correct which is clequy not.

0 Example, for transmitted sequence 'IO1 10110.
g ‘We have an odd number of 1's |
fn Due {o noise we receive 'rhe sequence 101 10000

L0 The ’ro'rql number of 1 s, |s s'rlll odd qnd ’rhe error will
no’r be de’rec’red '

2/9/2015
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- Summary

S i S R
o Data must be pro’rec’red from noise while travellmg
through chqnnel

o Two bcmc approaches to handle errors data -
received in digital communication systems
£ Automatic Repecl’r Request (ARQ)
i Forward Error Correchon (FEC)

o Coding for dctq protection against noise is dwtded
info- Error De’rectlon cnd Error Correction.
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CHAPTER 4 CHANNEL ENCODING
- PART 2

Chapter 4 Ob|ec’rlves

o Error Detection Techniques g

- 0 Error Correction Techniques




‘Error Control Coding -

=) Codmg for data. protection qgcnns'r n0|se can be dwnde
into two pd rts- - :

o Error Detection: check |f 1here is an error in. 1he recewed
. data or nof. | o . - :
a Technlques for error. detectlon s

. 'm Parity Check :

& Cyclic Redundancy Check {CRC)

0 Error Correction: if an error or more “detected in’ the
received data and they can be corrected ’rhen we- proceed
- to the correction. stage:

] Techmques for error correction:
& Repefition Code . ’
. 8 Hamming Code

Cycllc Redundoncy Check (CRC)

BA more powerful Technique used-‘“'fo'rie:rroi";’d'e’rec"rion
"0 Detect errors  that “can - occur ‘with-- very high
proboblll’ry | ST B

‘0 Given a block of k b]’rs, ’rhe ’rrcmsmlﬂer genera’res an

- n bit sequence, known as frome check sequence"'
(FCS)

| l:i FCS:is added to the orlglnal dom sequence to resul’f
ina frome of Ieng’fh k+n bITS.

2/0/2015



Cont. CRC

m o 9y,

o The ‘FCS s gene'r‘c‘l'fed using the 6riginol -message
and some predetermined pattern.

o Af 1he receiver, the. recelved s:gnal is dlv:ded by 'rhe
- predetermined pattern. ‘

£t No remainder «— error free

£ Remainder < error’in the received data

Con’r CRC

o In CRC p'roceduré we definé:

3 Let M be the message of length k. -
‘f.l':l Let F be the frame checksum of - length n blts _
- oletT be the frame to be transmitted of IengTh k+n

E:.i Let P be some predefermmed pattern of Iength n+ 1
bits.

1 2/9/2015
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- Cont. CRC

. I:l First, concatenc're n zeros 10 ’rhe Trcmsmlﬂed messoge

o Second genera’re ’rhe frame checksum F by dividing
- (M*27) sequence by P.
o Allgn P Under (M*2“) from 1he Ieftmost blt _ _ ‘
‘alf the lnput bit above: 1he leftmost dlwsor bl'r is O do nothmg

.ol the input bit ubove the Ief’rmost divisor bn is. 'I the divisor -
is XORed m'ro the input. -

o The divisor is then shlﬁed one bIT to the nghf and the process
.. is repea'red unhl the divisor reaches ’rhe rlgh’r-hand end of the
mput row '

hutp:tien wiklpadia. orgwikiGycic_redundanicy_chack

h¥eC6m;CRC ”'

"o When the division ']Srocess' ends the Only“bi'rs in the
input row that can be nonzero are the n bl'rs af the
right- -hand end of therow. ~

1 "‘._'D These n bits dre the remainder. of ‘rhe dms:on s’rep 1o

7.*_.13 The receiver .checks the VG[ldITY of & received B
message ‘performing. ‘the - same calculations again,
this time with the check value added instead of
- zeroes. The remainder should. equcl zero 1f ‘rhere_‘
qre no detectabie errors. -

hiip:ifan wikipedia argMikiGyclic_redundnnej.check,




Excrmple T

"M =10110 with.P =110, compu’re the followmg
i3 Frame check Sum (FCS)

L0 Transmlffed frame

% Recelved frame and check if 'rhere is clny error ‘in- the
dcn‘c:

Lecture notes by Abdullah Almeshel, Chapter 4: Channel Encoding slide 21+ 31

o Usmg CRC for error detechon cmd glven a’ message N

mm

. o Since P = 3 blts, Then n+1 =3, Therefore n.=.2 o
" oThe FCS length s 2 bits |
0 Concatenate two 0's 'ro M 5 rlgh’r
M*25 = 1011000
2“d FCS = (M*22 /P =.
(101 1000)/(1 10

' 2/9/2015



= COnTExq oie 1 7

Flsoolo o eleel— b

«— Rerainder

" Cont. Example 1

1

CLgECS=10.° . e
| = Transmi’rte.d 'Messcge; 1011010 - .

2/9/2015



Cont Exqmple 1

O At the ‘r,eceiver
@1011010/110
O Since there'is no. .
remainder at the
-receiver, then the
message does not
‘contain any errors

Ofba-

Ofis 1|ie o
O O|k k|lo

Ol RO k| ke -

)
|
1
I
8]
0
1
-1
1
0

Ol B[O R e[ —f— = _
‘QOOF%Q%GP&O”gvﬂ‘

« Remainder

Example 2

R R R R
0 Llet M = ] 11001 and P = ] 1001..
r Compute the following:
& Frame ‘check Sum (FCS)
[ Trcmsml’r’red frqme '

@ Received frame and check if there is cmy error in the
data ' ' '

20912015 k



 Cont Example 2

‘o SinceP =5 bl’rs, then’ n+1 = 5, Therefore n=4
B The FCS Ieng’rh is: 4 bits

'-"_D Conccﬂenc’re four O’ to M’s rlgh’r, ‘
‘' M*25 = 1110010000 o

b 2 FCS = (M*24)/P =
(1110010000/(11001)

.Cori’r; AEXGmpI..ef 2 |

11100 1/00 00
110 0 01 3l oleL L
oo 1o 1|l UL
101 1|0d |
11 6.6} ) )
0 1114110 L.l
1-10]0 1 § i
0 0 1(1 1 0 ]
00|00 0 0
T 111 1 0 0
1]1 0 0 1
olo 1 0 1

«— Remainder

20912015
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Coni' Exqmple 2

O FCS = 0101 ,
o Transmitted Message = 1110010107

Con’r Exomple 2

i r“W ﬁ E %wm.%}*{ SEN ﬁ@“ﬁh}: -.E&E.E%'V Gl E—» R B3

M
o1 At the recelver
@ 1110010101/11001

1 Since therelisno . 1 1 1 0 0 1|0 1 0 1
| 112001 §4t 411
remainder at the - ST o T i1 T
rece[ver i‘hen’rhe - 0.0 0 0 0} 1L L |-
message does Nt 10110 | 1§~
11002 ) | ] -
_contain any -errors IR E R S
1 10jo 1 | |
00 1j1.0 0 |
0 0/0 0 0 |
110 0 1
11 0 0 1
"0[0 0 0 0 <« Remainder




o The orlglnal message is s extracted by fcaklng the first
k blts, s’rqr’rmg from The fcr left. ‘

'E| ,If is- lmportan’r to - know ‘the error detection

Technlques typlcqlly do-not’ indicate the location of
" the error,. They just mdlcq're whe’rher the data
con'rouns error or not.

o CRC is a powerful technique for ‘-erro‘r"-'de"recﬁén :

2/9/2015
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 Error Correction Techniques

| ‘o Repetition'Code

1. o Hamming Code o

e R'e.'.pé.fi’ridn _C.C'd_e;

)

o One of the sumplest Technlques Used in error’ con’rrol '

codmg

- T Repeat each ’rrcnsmlﬂed boit k. 'rlmes, where k is an
“odd number. | . '

|  |:| Suppose we want to transml’r m = 101
= k=5 'rhen every bif i is repec’red flve ’rimes
& Transmitted sngnul isC=1111 1000001 1111,

2/9/2015



Conr.ffRepefiﬁon COd? |

2l

‘0 At the decoder we take each group of k = 5 bits.

O If the number of “1” is more than the number. of “0” we . |

assume binary “1% s, ’rransmlt’red

= ¥ fhe number of “0” is more than the number of “] "we

_ _say “0" is trcmsml’rfed
|:| If received code C = 1017 ]OOO] lOl 1 'IO

'O The received mformctlon is 101 whlch is the same as
. otiginal transmitted. information.

C’onf-.- Repetition _C'od'e

L
o The c:dvcm’rage of repehnon code is l’rs Slmp|ICITy

o The main disadvantage in The repetition code is the

Idrge redundancy

20912015



: Hdi’ﬁming .C.'ode

O A Hdmmlng Code can’ be use’ 1o de’rec’r dnd correct

~ one-bit chdnge in an encoded code word
| Con51der the ’rdble below WhICh has 15 posmons

o Data is stored in every posmon except 1,2, 4 and
8. These positions (which are powers of 2) are used
to s’rore pCH‘ITY (error correc’r[on) bITS

[1T2[3]4(s5[8]7] 8 [0]20[11]12 13[14]15
P [Pl P D|DIDIRlR|DyD|D D[D]D

‘Cont. "HdmmingiCode'

B

1:| Secondly, flnd 'rhe posmons where The blndry is “1 "

|:1Th|rdly, get ‘rhe binary represemdt_lon of the

_positions.

" o Fourthly, p'e'rforr'n ) exélus’i_ye OR .(XOR)' on the -

resul’rdn’r values

| E!Flndlly, ‘the resulf is p!dced in. ’rhe pdrlfy bl’rs
~locations. - ° ‘ Co

El The resuchm'r encoded word |s ’rhen sent off

21912015



Example 1

S

= 101011010]1

" a Encode the followmg messqage. Usmg hammmg code

| Cont. Example 1

I

O Af’ref‘bchi‘ng.’rhe da'rqin.’rh'e'table we find that in

_positions 3, 6,9, 10,12, 14 and 15 we have @ ‘1",

20912015



Cont. Example 1

| o Gef The binary rep're'sé-ri'rc:':’ri"on‘for--eclch-oic these
~_position values. | o

E! XOR resulhng values ,

B Se’r pan’ry bt to0'1. |f odd number of 1 5. else set to 0

Ps. 'P. Py P3| Position
1 1 0D} 3
o 11 0} 8
1 0 0 1 9
0 1°0 1.. 10
0.9 11| 12
SRCVRN T SR B DO E A |
: 11 1 1| 1
oR 1 1 0 1

o Con’r .-EXq'mple. 1

"o.The parity bits are then put in the proper locations

2/9/2015



Hamming Code -

| ——

0 The recelvmg Slde would re- compute the pdrn‘y bits
and compare ’rhem to the ones recelved

o If 'rhey were the same no error oéeurred.

- IS determmed

alf ‘rhey were dlfferent the Ioccmon of the fllpped bit

Excriple 2

m] Assume the bit in posmon 14 was fllpped durlng
trcnsmlssmn :

o The recelvmg end would see the followmg encoded
sequence

- 2/8/2015 .
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Cont. Example 2

| ./ o The receiving node ;:dl_CuIQtes the parity bits values.

Py Py P2 Pzl Pusilion.. .-
1.0 0] 3

0 1.1 0} & .
170 0 | 5.

0 1 0 1. 10

0 -0 1 1| .12

st o101 1] 15

XOR T 0 1 O

| Cont. Example 2

== ' '
| © The  re- calcula’red parity mformohon is  then
' compared ’ro ’rhe parl‘ry mformqtlon sent/recelved |

1| Parity bits from the received message
o | Parity bits from re-caleulation atthe receiver |-

o
1

‘11
1 ¢

o If””’rhéy are'.equal‘ — No Error

_ ‘.g__._lf they are NOT equal «-.Error




Cont. Ekample' 2

I

o if They are NOT equal <« Error

O Perform XOR to get the posmon of ’rhe bit W|th the error‘ T

and flip it ‘
= The error is in bit 14 (8+4+2) 110 .-1 L
1 0 1 0
o Slncel bl’r 14 le 0 we flipitto 1 - 01 1 1

o Messcge recelved wnh error = 101 o1 101 OO'I

O Message after error detectlon and correctlon =,
10101101011

Summary

]

o When, data is ’rrcnsml'r‘red from one Iocahon to

"~ another there is clwcys ’rhe p0551b|1|1y Tha’r an error‘ NE

may occur.

0 There are o number of rellcble codes Thcﬁ can be

used to :encode data 50 that the error can be
detecred and correcred

I= Repetmon code is one. of the 5|mplesf Technlques'

. used. in error control codmg

i Hammmg Code can be use to. detec’r and correct
one-bit change in an encoded code word. '

21812015
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DIGITAL COMMUNICATION

CHAPTER5 MODULATION
TECHNIQUES
~ PARTT

- Cha p’"_rérj5 O'b]ecﬁves -

N

O Unders'rdnd modulomon ‘
a D[scuss ddfc trunsmlssmn in. dlglfal systems,

O DISCUSS bcseband fransmlsswn fechnlque

. 2/9/2015
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i -.'AD'i_g'i_"rdI'C’cSmmUhicd’ri_:on SY-_sT_ém

T
' :nf NP Soutw ',le':unﬁllf. N —
. Sriation | AP L S L  Modillster -
Suie || Gonyedter [ | Encader.t Ericader [ 7]: e
Chanael:
"i:f[‘(,):f{ﬂ@iidﬂ_ - D“A =k Source Chaaie « Derwodulator (-J
Pk, (- Converer || Drcoder | Degoder | Tl ol
“Figuva 3: Bioclﬂ_c diagrom of typical digifaltommunieaﬁoﬁsj'sil;mn.' '
Fur ol o‘fmulm(:ummunloallun..'. and Data T . Dr. FBTSHlAllI;Iﬂ(l.pHUaE

-Con_f. Dig;i’rql Communication :Sys’r_e'm.

=

‘E|
o

Information Source: generates messages..
Analog to digital converter A/D convert. analog 51gnc:l 'ro

- ;dlgifdi signal. .

I:l Sampling, Quqnhzuhon and Codmg

Source encoder: (Data Compressmn) Transmitting the same] ;

mformcmon with smaller averqge number of binary digits
a Huffman Coding L .
‘Channel encoder (Error Correchon)- mtroduce redundqncy in

--1he bmc:ry data "

=] Techmques for erfor detechon Pcrlty Check and CRC
o Technigues for error correchon Repetmon Code cmd Hcmmmg Code

2/9/2015



Mo'c_IU'C!ﬂOn.

=

1o be ‘rrqnsml’r’red ’rhrough the channel.
‘we must convert it fo an electrlccl signal. -
0 The binary. data'is ‘converted back to some ’rype of

an cmqlog sagndl to.transmit it through the chcmnel

"modulation.

o After fhe blnary dcﬁc: is chcmnel encoded itis. ready_':-'

O In order to transmit fhe bmary data elec’rromcclly

[ﬁThis is  done ’rhrough a process cal!ed dom

. Cont. Modulq'tion-

]

o signal. using another signal. - . :
- O One of the most- common 5|gndls used is The smU50|dal
signal. :
o The general form for a smusmda! S|gnal s:
: l:lv(f)“Asm f+].L) | o
m As the amplitude of the sinusoidal sigrial
By is the rudién frequency
m 11 is the phase shift :
0 In. modulation, the transmitted signal . (the messcge
signal) is used to change one of these paromefers

o Modulcmon is the process of chomgmg a pqrcme‘rer of.--'
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e ConT Modula‘rion .
N o If. 'rhe amph’rude of 'rhe smuso:dal srgnal changes in

accordance with the rransmuﬂed message, this process. is
called amplitude modulation. ‘

'.",_'m If the frequency.. -of the smusordal 5|gnal changes in
’ accordance with - the rransmn‘ted message, ﬂ‘IlS process
s called frequency modularlon ' o '

o The signal which gets modula‘red by rhe da'ra is of‘ren"
* called the modula’red signal orthe carrier signal

o For example here, 1he sinusoidal signal is the carrier signal.

- Co_n’r;._ Mo‘du|a‘t_ion
- .||—_, . - '
a In dlgltal data rransmlssmn There are ’rwo 'rypes of
clata transmission. | |

I:l Baseband data ‘rransmlsswn
m Low frequency carrler signal is used fo fransmit the dara <
o Bandpass data transmrsaon

Ll ngh frequency. carrler srgnal is used to ’rransmlt 'rhe data




Bosebcmd DCITG Trcmsmlssmn (Lme
Codmg)

0 Data transmission the binary data is converted into
an elecirical 519nc1| in order to trcmsmn‘ it Through a
communlccmon channel.

o queband ‘transmission or line codmg is the process‘ o
of expressing . this elec’rrlcal sxgnal Ina form of an.

electrical pulse.

N 'COn_fﬁ'i'.'B.d.s.ebdr'id. Data Transmission

(o |

| Basebond con5|sfs of represenhng ’rhe dlglml sngna[

to be ’rransported by an cmpll’rude- and hme-f'l

dlscre're

o The wcweform pa’rtern of voltage or current used to .

represem‘ the 1s and Os of a digital sugncl on a
transmission link is cuiled line encoding.
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T '_-TC‘.'on'f_-' .-Bc:'sebdn’d Data Transmission

II

‘o Basebqnd S|gnalmg technlques
o Non return to zero (NRZ)-
_ 0 Unipolar Refurn To zero (Umpolqr-RZ)
o :I:i Blpolcr-RZ ' L
o Refurn to zero- _alternate murk mver5|on {RZ- AMI)
O NRZ-mark. . ' '
BN « | Blphase (Mcmchester codlng)

‘Non-return fo zero (NRZ)

.0 ..Binq ry “17
“O""i's,‘i'epi'esented by the opposite level.

' |:1The term non-return to zero ‘means : 'rhe 5|gna|

" the zero valve at any time durlng transmission.

"o For example, ‘su'pp‘osé we want to transmit the
. following data sequence m = 1011010

is represented. by some level and binary -

switched from one . level 'ro another wn‘hout 'qulng_ _

~ 2/9/2015



Cont.NRZ

i

Q- ' o . . 2

Figure 15: NRZ encoding prozedure.

Fundamantals of Digllal Communications and Dala Transmissfnn, Ov. Falsal Alturkl, pago 64

Unipollcrr Return to zero (Unipelcr-RZ),

i

absence of a pulse.

0 For example, - ‘suppose we wanf to transmit the
followmg dcfc: sequence m=1011010

o) Bmcry “17 s represented by some level of half the . . L
signal ‘'width and bmary' “0" is represented by the

20912015,
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I

“Fundamentals of Digilal cummu'nlca‘upﬁs and Data Trarismission, Dr.-Falsal ARurki, ﬁaua B8l

1

1 ] 1 HR ]
| i
i :
i i
I
i
H i i
H i H

i I

Figure 16: Unipolar-‘RZ encoding procedure.

|~ NRZ ‘vsUn_ip_c_)Icr-RZ-

Ar Is of Digital Comy

1 . 1 1 . '

J o

Tigure 15: N encocling procedare.

R

Bl

Figure 15 Unipolu-R2 ehcoding procedure,

allons and Data T

ion, Dr. Fusat Allurkl, page 81




'Bipo'lar-‘R'Z ”

I

= Blncxry “170s represented by a pulse half ‘width cmd
blnqry “0" is represented by a pulse of hcrlf wrd’rh
* but with opposrre sign. : ‘

a For exqmple, suppose we want fo ’rrqnsrﬁft rl'ie Co
following data sequence m = 1011010

|
i
b
i

i

'5 i
1 [
P
I

l

|
.

I

Figure 17: Blpuuu R’f’ ulmdlnrr promrlnm.
Fundamentals of Dlgital Communications and Dala Transmisslon, Dr. Faisal Alturki, pape 62

reTurn ’ro zero c:h‘ernaTe mcrk mversron |

(RZ- AMI) -
)

O bmdry “1 "is represen’red by a pulse alternarmg in-
5|gn cmd binary “0" is. represented by no pulse

!
g
|
i
{
|

354 ~ » Y | 1, 1 . ] i '
of Digital Comemy and Data T, Slon, Dr. Falsal Allur,page sz Ligire 18 RZ-AMIE encoding procedure.
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| ':INRZ:-mqr_l_,,( -

=

O Also known as differential ‘encoding the woveform
’rakes on'some value or state say hlgh or low

! represents no change of stq’re

B :1 Bmary e represents. chcmge of stafe . from high |
1o low or from low fo high, while binary “0"-

1 a "‘-l:u | ‘ )
!
]

b

T 1. i

Ilg,un i‘] NR/ wark enc mluw proc sedure.

* | Fundametials of Dighal Commiunlcations and Dala Transmisslen, Dr. Faisal Allurki page 53

ik

D'Binary “ ”-is'represen’r'ed‘by a positive pulse of half
“width followed by negative pulse. '

, o Bmcry Q" is represen’red by negqnve pu|se of hclf
e W|d’rh followed by a posmve pulse | o

Fundamentals of Digilal : s and Dala Transmissicn, Dr. Falsal Alturki, pagoas

Figure 2k nlmwhc-sicl (‘ncmhng]mrrrlmd. ‘

2/9/2015
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Digiml. Moduldtion Techniques

| =ac

0 Ecich of these schemes has its own applications.

0 Factors which help in comparing and selecting a
particular scheme:include:”. - : L

O Signal Spectrum: available transmission bandwidth -

- lead to.synchronize the transmitter and receiver. The alternative is
to provideé some synchronization mechanism that is based on the
transmitted signal, C !

encoding scheme. -

O Signal interference and noise immunity: - Certain  encoding
techniques exhibit superior péerformance.in the presence of noise.

o Cost and complexity .

- O Clocking: One expensive approach is to provide a separate clock -

O Error detection: error detection capability built-into tﬁé‘s_i'gnal'ing-‘ o

| Digital Mbdu_ldﬁ_-ong'l"eé'hniqUes-'

‘ H.Summcl ry

Modulation Scheme [ . - Binary1 Binary O

NRZ- o | Pulse o . | Opposite pulse .
Unipolar-RZ ‘Pulse of Holfwidth " |Nepuse - A
Bipola_r.-R_Z‘ © | Pulse of half width . Opposite pulse-of half width
RZ-AML " | Pulsé of half width alfernating | No pulse o

S | insign - ’ o S :
NRZ-meirk o Chéinge of state .| No change of_sf&te e
Biphase ‘ Positive pulse of half width Negative pulse of half width
followed by negative pulse followed by pesitive pulse '

219/2015 -
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N Su'mmd,rY'-

SR Modulahon is ’rhe process of changlng a F":“"“meafer E

of a sngndl using another 5|gncl

O Each basebcnd encoding . modulcmon ‘schemes hds _

its ‘own appllco’nons and various- factors help in

~ comparing and se‘l,ec_hng a particular scheme.

21912015
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TéV o ENC 251

DIGITAL COMMUNICATION

CHAPTER 5: MODULATION

TECHNIQUES
| PART2 |

- L Public Aufhorl’ry for Applled Educahon omd Trammg “
3

o

- Chqp’rér 5 O_bied'ives: o

O Unders'rcmd scramblmg ’rechmques .

g Defme some dCITCI transmission. ’rerms ‘




Scrambling Techique:

I

wuth another sequence to achieve certain goals.

o In many digl’ral communlcq’non appllccmons we of’ren
~ receive - binary: sequences ‘that. would result |n a
‘constaint vol’rage level on'the. ’rrqnsmlsmon line.

O A long sequence of :zeros or long. sequence of ones.

g Replace these sequences by’ specml sequences using

two Technlques
| Blpolar 8- zeros subs‘rl’ruhon (BSZS) )
I:I H|gh dens;ty blpoiqr -3 Zeros: (HDB3)

.o Data scrambllng is 'ro replcce a sequence of bl’rs

X3 ‘_'B‘-ipqldr' 8 -'Z—’eros Su bs’rifu-"‘rio_‘n_i-‘--ﬁ.

1 o The BBZS codlng scheme -is- Used in North Amerlcq to
_ feplace 8 zeros with a special sequence.

. o The coding scheme is based on bipolar-AMI.

.0 A sequence, of 8 binary zeros is replaced with another
- sequence’ bqsed on the: followmg rules:

1 If an octet {8} of all.zeros. occurs ‘and the last’ voltage pulse

" preceding this octet was ‘positive, then the eight zeros of the
octet are encoded bctsed on- blpolcr-AMI Techmque as
 000+-0-+..

b If an octet of all zeros occurs cmd the last véltage pulse
precedmg this octet was negative, then the eight zeros of

000 +0+-

- the. octet are encoded based on blpolar-AMI ’rechmque as

. 2/9/2015



Cont. B8ZS

|l

0 Encode the following sequence:
11000000001 10000010

o Using Blp_olar-AMl the SI'gnql.ih'g.queforrr'l

e
SR i
s L] s
A B

|_J!§£'-f: il_lf!
I IO { [

' Pl ! ! i O .'! o

1 i
- H

" Fizure 41: Blp(‘s]ﬂm\h[l ) ﬁequc;nm."

.:._f i{a;oli__l EO!DFB!DEQHD!
| AN N O
1 | !
| ! !
i
1 |

Fur Is of Digitat ¢ and Data Trar on, Or. Fsisal Allurkl, page 65

Cont. Bsz_s_ a

o Sequence of 8 zeros and the las’r vol’rage pulse was
hegative. '

0 Encode as 000-+0+-.

1. 1‘l-o_ c:'o"v Mo ui1i|J‘.nI¢ o a.n' 1 o .

S

Figuié 22; BSLS scrambled sequence,

Fi f s of Digital CUI-HIHH\ and Data Trar Dr. Faisal Allurki, page 66
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- fl:l The HDB3 1echn|que is Used in Europe and Japqn,

ngh Densr’ry Blpolcr-3 Zeros

and it is bcsed on usrng AMI sngncrhng ’rechmque

with sequences containing one or two pulses

.0ln each case, the fourth zero is replaced. -

O Summcrry of HDB3 encodlng rules.

] . Transmmed Data . ) _ o HDB3 Encoded Paltern
o ' ' 0 .
a0 o Alternate Mark lnvers:on (AMI) l
. tooo0 . - |oo0V(three Osunduvsolunon]
00000000 - . |BOOVBOOY .

) hllp:l!nn.wIkWpedi_i:.urankllMDdiﬁed_AMI_cudo#HDBS_.ZEEurop_ean_E-cﬁrrier.ze .

o The techmque replaces a sequence of four zerosl

| Cont. HDB3

1L )
‘ B The subshtuhon of ‘rhe four zeros is- done based on The
followmg rules : :

Number of +/- bits since last Violation | Pattern | Polarity of last Pulse Coded
L S o+ 000+
© Qdd - .|, QOQV — - -
Qdd V. - 000-
: + -00-
‘Even : . -] BOQV-.. ‘ —
o ] N - 1 +00+

EI To de’rerm:ne which -pattern- ‘ro use, coun'r ’rhe number of

V|o|cﬂ|on bit V and subtract one: from the o’rher
o - Odd number then 000— or 000+ is. used
" @ Even number then +00+ or —00- is used.

L tiitp:tten wikiperia omAsicifeditied AML codeHDRR 2AF) E.camier 29

pluses (+) and the number of minuses (=) since the last -

2/9/2015



Example 1
] — — -
o The :Fadtférn of bits: 1000 00007110
0 Encoded in HDB3 is: + 0 ooQVv V- + O
] qulresul’rls +000+ - +0 |
Example 2
=

o The paﬂern of. bn‘s o
‘ IJ]O]OOOOO] lOOOOT 'IOOOOOO
sl Encoded in-HDB3 is:

--*n+o OOOV0+—BOOV+—BOOVOOlf,

o Final. resulf is:

O+0-000-0+-+00++-+00+00

21912015
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"Exdmple 3
o The pa'r’rern of bits:

|:I'IO1000O]OOOO110000111000011
1100001010000

m Encodecl in HDB3 iss

I:l+0 000V+000V +BOOV * - 000V+-—r
+-- BO0V+O BOOV

0 Fmal resul’r is:

.o +0-000- +000+ +e 00-~+ OOO + -+ - +00
++0 $00+ :

“Example 4

- High-density bipolar 3 (HDB3)

.“_“Silgr'l"i‘ll. ' :‘ ' N T P I_l- : |
Cwwithout . | :

| HDBS U1 U 11 ‘u _
. Signal b I T O - rl. | |
Wlth - - | _ II ) .
HDES3 u - 1T -I_r ‘ IL g

B

: l-g ) , .-
. Sub sHtuted

SO S
Substtuted |
- prallern o o

paltery

Lectura noles by Abdullah Almeshal, Chapter 5: Medulalion Tachniques, skde 9
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| Example 5

I
_I___ :
| — = o

" . Figgire 21: Bipolar-AMI ecodod sequance,

1ltialnin !l Yo0iDjwlaitimiels ad 1l

—
S -/

Figure 23: HDBS scrambled }-L‘.quuur,c. }

Data Transmission Terms

1T

O The followmg dre some ’rhe lmportcmf terms often‘ o
used in data communication:

O Bandwidth -
o Bit Rcfe : .
o Baud que (Symbol Rcﬁe)
=] Throughpu'r
O Latency




Trqn’s.mi_ss__ion_ .Bcndwidfh

o Trcnsmlssmn bcmdwnd‘rh 1he bcmd of frequenaes
allowed for 5|gnql transmission. '

= mi Frequency of the ’rrqnsmlﬂed slgnql must be w1’rhm

the: range ' of- frequenc:es of 'rhe ’rronsmlsswn'

o ‘l'-b_:.qu__dWi_dth :

” .C.bm.'.'ll"ransmissiori Bdhdwi’d’rh |

e

Ei For ! Iow frequency transmission. bqnd\deh ’rhe"

. system can pass signals with frequenmes UP 10 Frnax

T _*.-' o If the 'rransmlﬁed 5|gnql have. frequenues above fmax
‘then these frequencies will not pass and the signal-

: "_.wlll_no'r_ be areplica of the transmitted signal.
CEA g

‘Twmax

Figu 24: (£) low puas Lrasanission system

- | Fundamentals of Digital Gommunizatlons and Dala Transmisslon, Dr. Faisal Alturki, pago. 87
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Cont. Transmission BandWidfhi

| l_

outside this range will be suppressed

will be distorted.

COHM -

-y [

fo - St -

) ) n_ (b} Bandlitnited tronemision systom
* | Fundamanlals of Digllal Communications and Data Transmission, Dr, Falsal Aturil, page 67 . i i

~ o'For bandhml’red Transmlssmns, any frequenCIes fCl”S '

O Therefore, if a s:gnal has frequenaes ou’rsu:le ’rhls_ .
band, these frequencies W|II not pass and the signal -

Bit Rcre'-

L

o Bit rate: the bit rate. is The number of b:’rs
’rransferred be’rween devices per. second

" o If ecch bit is represenred by a. pulse of Wldi‘h Tb, 1

’rhen ’rhe bit rate:

f_Rb = —-1— b-iz‘S‘/Seé_ |

21972015



N | Eth‘iplex 6

T
‘ DSuppose we hdve a binary - dcﬁd source whlch
. generates bits.’

o Edch bit is represented by a blndry pulse of wrd'rh |

T = O 1 msec calculate the bit rate for ’rhls source

R, = =1 10000 blts/secl |

. ” _‘ T O 1><10_3 ’

| Example 7

-'.,u._

O Suppose we have an |mdge frame of size 200x200
pixels :

.o Each plxel is represen’red by three primary- colours S

' red green, and blue (RGB)

| |:| Each one of these colours is represented by 8 blrs

‘n lf we Trcmsml’r 1000 frdmes in5 seconds what is ‘rhe |

bit rate for this image..

2192015
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'Com‘.r Exlqmjdl_‘e'-7 |

o We have a total size of 200x200 = 40000 pixels -

o0 Each pixel has fhree colors, RGB that each of them has 8
bits. : : -

13 x 8 =24 bits (for each pixel with RGB)

~ O Therefore, for the whole image. we hcxve a total size of 24 |

X 40000 960000 bits

"D_ Since we have 1000 frames in 5 seconds, 'rhen 1rhe 'rofal

" number of bits transmitted will be 1000 x 960000 =
960000000 bitsin 5 seconds

O Bit rate-= 96000000/5 = 192000000 blts/second

Baud Rafe (Symbol Rate]

__l

O Boud rate or symbol rate: is the number of symbols
transmitted: per second through the communicdtion
channel. |

o The symbol rcte is. related to ’rhe bn‘ rcTe by the
followmg equc’rlon

O Rs = bit rate - . Ce N
O R: = symbol rdte |
BN = Number of bits per symbol - |

20912015
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"E'x'sﬂ'fnplé 8

durq’non is 1usec, Suppose we qut to ‘rrcmsml’r

represen’red by four bits. what is the symbol rate?

" | Lecture notes by Abdullah Atmsshal, Chapter 5: Modulation Tochniques, shide 37 -

|:! A bmqry dam source 1ronsm|’rs bmqry data, the bl’r

symbols rather than bn‘s,_ i each symbol s

Con’r -Equp’le'-S |

|

‘l:l Ecch bIT is- represen’red by o pulse of durcmon 1p
second “hence the bit rate ' '

1 . :1000000 bits/sec

1x107%

 Ry=
B o Thre-'refpré,"rhe s'ymbc_:l'rd’re" will be

© R = % :%—Q@ = 250000 symbols/sec

Leclure noles by Abdullah Almeshal, Chaptar 5: Madulation Techniguss, slide 37-38

2/9/2015
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Threuygh put |

A

receives dc’rq ‘

are transferred.

1 Throughput = 20/] 0 2 packets per second.

transferred over o period of time.

| ujbifs./secon.d, bytes/second, orpqckets/secon.d‘ |

o Throughpuf the rate at wh:ch the system sends’ or:

o For example, if over Ten seconds, fwem‘y pc:ckets”f

O Throughput measures the amount of dd‘ra that is

'Lafe'n'cy' -

0 Lctency The fime a requesf quves To The ﬂme The o

response. arrlves back. -

o The -um’r _of Icﬂ_ency is ,tlme,in'Asecbnds.‘ SR

2/9/2015
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Summary

B
" o Data s‘crqmbl‘ing is to replace a sequence of bits
A w1'rh another. sequence to achieve certqm goqls o
“ ¥ Replqce these sequences by specwl sequences usmg
" two techniques:
[n] Blpolqr 8-zeros subsﬂfu‘rion'-
- a ngh density blpolqr -3 zeros
o Definitions are often used in to evaluqte the merlt or
- the quqlny of a dlgl’rql communlccmon sysfem

2/9/2015

14



T eneast

- DIGITAL COMMUNICATION

CHAPTER 5: MODULATION

~ TECHNIQUES
| PART3

Chapter 5 Objectives

I

O D_i"SC.u'ss bandpass data transmission Téchnique P

20015



,._.B,cndpqss Dc’rdTrans'missiﬁc_)n

‘ . In communlcahon, modulomon is. Used for severc:l
recisons:

‘ I:l Reduce the size of The antenna used

© m-Anfenna. height = 1/4 wavelength
w 1 Hz (A=3*10"8m) = 75,000 Km! -’
‘W88 MHZ(A=3.4m)=08522m '

- _ commumccilon (mulhplexmg)

.the message..

3: Transmit data WI'rh low loss, cnd Iow dlspersmn
| Adopt ‘data to the channel used to fransmit i.

‘0 Transmit several signal” ot ‘the ' same ﬁme' ,':over " d

@ Simplify the design of 1he electronic systems used to transmit

Bandpass Data Transmission

g e

Lo DIngGl moduic’non is' ’rhe process by whlch digltcl

symbols are transformed . into- queforms ‘rhcﬁ are

- compomble with the. characterls’ncs of the channel.

0 In bqndpass transmission the dlgl‘rol data is used to
modulq‘re a carrier SIgnaI

o Regdrd!ess ‘of the modulation method, cmy form of

d[gl’ral modulation uses-a finite number of dls’rmc'r .

s:gncls fo represent dlgnal data.

2/9/2015



Cont. 'Bcndp‘qss: Data Trqnsmission

I

mi leferen‘r modulcmon techmques

o Phqse modulation: finite number of phases are used.

“used.

o Ampl[tude moduqulon finite number of amplltudes are
used ' :

=] Frequency modulations flnlfe number of- frequencres are

2/9/2015

Cont. Bandpass Data Transmission |

C

0 Each of these phqses, frequencnes or qmplnfudes dre
qssugned a unique pcn‘fern of binary bITS

DUsuq[Iy, eqch phqse, frequency or qmplltude.-

encodes an equql number of bits.

0 This number of bits comprises the symbol Thq’r is
represented by ’rhe parnculqr ‘phase, frequency, or

c:mpllfude




,'Con"r. 'Bandjeqss fDa’rid' Trcx'hshi-i-ssieh |

o The followmg are The generdl steps used by ’rhe
s modulq’ror to transmit data:

_l:lAccep’r mcommg dlgltal dqtc o

"l:lUse 'rhese symbols ‘ro set .or chunge the' phase,

o cpproprlately

~ frequency or ampll’rude of the reference carrier signal |

Common Bcndpcss Modulomon

Techmques
=

o Ampll'rude shlf’r keylng (ASK)
= Phqse shift keying (PSK)
|:| Frequency shift l<ey|ng (FSK) 7
|:1 Mul’rllevel Slgnalmg (M Modulcmon)

2/9/2015



-Mullmef‘yell's.*g'n-q-ung (M., Modulation)

Thqn two modulomon Ievels dare aliowed on the
'rrqnsmlﬁer lnpu’r ‘

symbol is represented by k bits
I:IM 2K dlfferenf symbols

o There are many different M, " modulation techniques,

amphfude, or phase, or frequency

0 With multilevel signql'ing,’ digital ?n‘pUts with more

o The datais trqnsmlﬁed in ’rhe form of symbols_. eqch -

some of these Technlques modulqte one pqrqmeter like the-

.| Leclure noles by ;\bdullah Almeshal, Chapler 5:-" A Technlques, Lecturd b, slide 12

cofm. Md-,,-y M’oduldtﬂibn”'

T

= Mu[’rllevel S[gnqlmg (M Modulqhon) -
o M,,, Amplitude Modulqhon L |
® Changing fhe Amplitude usmg dlfferen'r Ievels
o Ma,,y Phase Shift Keylng (Mor}, PSK)
L Chcmg:ng the phase using different levels
o Mwy Frequency Shift Keying - (M , FSK).

] Chcmglng the frequency usmg dlfferent Ievels.

Lagdure notes by Abdullah Altheslial, Chapter 5: Modulation Techniques, Leclure b, slide 13

20012015



DSuppose the quumum cllowed vulue for the-‘

M, Amplitude Modulation

-

' “'13 In multi level amplitude- ‘mddul"c':l'riOn""’rhé dfnpiifod'é of

“the ’rrcnsmlt’red (cc:rrler) sngnql ques on M dn‘feren’r

Ievels . _
‘GFor a group of k b:’rs we need M 2k different
’ c:mpll'rude levels : o -
: EI Used in bo’rh bosebund and bcmdpc:ss ’rrcmsmlssmn
" mBaseband =M, Pulse Amplﬁude Modulohon (PAM)

Of')/

| Bqndpass '9M Amphfude Shlft Keylng (ASK)

.| Lecture not'as by Abdullzh Atmeshat, Chaplar 5: Modulallon Techniques, Legture b, shde 14 .~

Mcry 'Am'pli’rulde Mlo'dthIld’rion

' voltdge is A, then all M possible values at baseband
“are in'the range[-A}A] cmd ’rhey qre given by:

.v.f— 24 z—A where 1—01 M 1

1

2A

anofher is glven by.
- g7 =

6=

: E] And 1he dlfference befween one symbol qhd"

- | Leolure notes by liah Almeshal, chaplers: dufation Tedhniques, Leciure b, stide 15
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Exompl'e -

o |

0 Show how to transmit the inesédge,:" Lo

‘m=100110001101010111

Using 80”, Pulse. Amplitude Modulation. Find the g
corresponding- clmpll'rudes of the fransmlf’red signal -
and caleulate the difference between the symbols .

- Given that the. max1mum amplitude is 4 Voh‘s

Lectura notes by Abdullah Al Chapter 5; Mod T ] , Leclura b, slids 18 ’

‘Example - Solution

|

O Since we will be uéin‘g '8'0,), modulation then the
signal must be d|v1ded info symbols each of 3 ths
‘O-Because 23=8 - '

-0 Therefore, R o

" Bm=100110001 1010101 1
am=100 110 QO] 101 010 ]111

© Sy S¢S S5 08, S,

- | Lecture notes by Abdullah Al hal, Chapter 5: Modulalion Techniques, Lacturs b, slide 17
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' Example — Solution {Cont.)

= Am;ﬁﬁ‘rb’decalculoﬁohs :

Ty, ‘_2’4_1_14
S M-1

8_
y, 2(4)(6) 4= 28571 volts

-+ | octuro notos by Aldutiah Almashal, Chapter 5: Moulation Techniques, Loclure byslds 18 . . -

V= 2(4)(4) 4 05714 volts

2(4)(1) 4= 2..8_571".1{01{;:

| E»xdmfple - S'olu’rioh-(_C_oher)

R

8_

v 2(‘4)(5) 4= 17142 volts S

S i_;é, 2(4)(2) 4=-L, 7142 Volts -

281

z(jr)(’]) 4 -4 volts

Leclurs noles by Abdullah Almashai. Chapter 5: Medulation Techniques, Lectuse b, sildo 19
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Ex.qm_plé .—'-'-_Solu’ri-qn_'(Con’r:.) -

oo

100 110 _ 001 101 |
4voits 010 A A . -
: {285y . S b 4w

‘ 1.71v '
0.57 v

R SRV E

“4Volts - . i .o8sy

Leclure notes by Abdul\aﬁ Alme'shal. Chapter 5; Mahulallu'n Techniques, Leclinre b, slide 20 N :

Example — Solution -(Ccnf;)

=

o thference be’rween each symbol cmd cmo’rher can
be cqlculated as follows:

s -"____q' B 2(4)

= —1 1428 volts
M-1 8-1

" Leciure notes by Abduilah Al Chapler 5: Modulation Technlques, Leclure b, slide 217
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| _Summdry

(h:gh frequency) carrier.

three major ways, amph'rucle, frequency and phase
- modulq’non

O In multi Ievel ampll’rude moolulcmon the amplltude of
the ’rransmlﬂed (cqrrler) sngnql ‘ques on M different
‘ levels : '

_ El MOdUlGTIOT‘I combines a (Iow frequency) SIgnal wnh‘

o Combmlng of . 5|gnal dnd carrler can be done in

2/9/2015
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=

E Mul?ripl'exihg‘.-

o In Telecommumcahons, muI’rlp[exmg is.the process of
combining two or more s1gnqls into  one
- communication link. ' '

|:1 Mulhplexmg aliows. several frcmsmlssmn sources to

share a Icarger ’rrcmsmlssmn ccpacnty or ’rransmlssmn'
medlum '

. o Multiplexing mqkes very effncnenf use of hlgh speed
~ telecommunications lines.

Cont. MulfipleXin.g -

|:1 Sending some multimedia 5|gnol like voice 5|gncl which

is- a low frequency signal over d transmission channel -

with very large bandwidth,
0 Most. of the frcmsmlssmn channel bcndww!‘rh is not
" utilized.

‘11 Because the bandwidth of the transmission chc.mnel is'much
larger than the’ barndwidth of the transmitted signal.

- O Therefore,  transmit other ~ signals ~ over the same

- communication”  link . 'bUT ) wi'r_h 'differem‘_ carrier
frequencies.

o All the signals can be trqnsmlﬂed smu[taneously without any
problem u ‘ ,

21912015
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Cohf.'.MuITip‘léXing

Charrrd | —a L—lu_alme]'] .
ChALTE] ] m—t Communicaien | —pC‘E.nnelZ
. . - ke . L o S
" Chatre! 3 ==——W multigléver | *Temalipizvier Loy lanyd >
i ’ ;
P
Clerrl . e N et
Figure 38 Nlustration of multiplexing process.
|
| Fundamentals of Digital & X ‘ailif-ns'andDaIaT Ission, Dr. Falsal Alturkl, page 86,
‘Cont. Multiplexing
onf. Multiplexing:

= Some of the common ’rechnlques used to mulhplex' |

 signals: .
o Tlme-dwlsi,on multiplexing (TDM)
o Frequehcy‘-div'is.‘ion bmul’riplexing' (FDM)

o Code d|V|5|on mulnplexmg and code division mul’rlple

access ( CDMA)

" @'Wave division multiplexing

121972015



_T_ime_ Division _MUItip_Iexing (TDM)

B |:|A mulhplexmg ’rechmque in WhICh ‘rwo or more
. apparently. Slmuhqneous 5|gnc1is or chcmnels are
combmed ‘on one communlccmon Ilnk in the. hme
domcun '

© signal in fime.

‘@-Time division’ mulhplexmg can be cpplled 'ro bo’rh
' qnalog signals and. dIgITCll 5|gna|s

'O The mul’rlplexmg process can:be. carrled on a smgle '
~ transmission. poth by ln’rerleavmg porhons of eqch '

Cont. ™M

| ! A dewce cctlled commutator’ whlch Tokes a sqmple
from the first signal, then the commu’rcﬂor moves and
 takes a sample from the- second signal,.next, the
_commutator takes @ sample from the third signal.

o After the commutator makes one complete cycle it
reTurns chk to ’rhe first signal '

A KRS

. ) '. meé 17 Frame2
BBBB ‘ \ ABCD I 4’ BOD
GOUS i ~’ ‘\ ’
) Lo commutator
ols i ; Fieute 30: Time divisio {tiplexing proces
als bf Dipltat Sommt and Data Transmilsslon, Dr, Falsal Allurki, poge 67 Eigure 5l Time civision tnitiplexiiy precoss.
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Cont. TOM

I

o 'Two fjrpes of time division mul’rip’leXing:_
. Synchronous Time Dlwsron MUH‘Ip|EXIng

@ Asynchronous Time Dw:s:on Mu[hplexmg

“Synchronous Time Division Multiplexing

—

0°ln synchronous time dwasnon mul’rlplexmg eqch signal
is assigned a time slot.. :

[= Thls time slot is used by one particular 5|gnal or .

dewce, no other signal can use this time slot,

‘o Each’ ’rlme the allocated time slot for some purncular o
signal comes up, the signal or the device has the

-opportunity to send a portion of its data. _
o if the device or the signal is. unable to frcmsm:f or

does not have data ’ro send, its time slot remains:

~em p'ry

2/9/2015"



Cont. Synchronous Tlme DlVlSlon
Mulhplexmq o |

O Once the commu’ra‘ror mqkes one comple’re cycle a

3 -.gr.ovp.ed into frames.

N : ‘
mmmmmﬂm

e P

|

Figure AD: Thne division wmultiplexing proress.

i .; Dr, Faisal Alturkl, page 28

* | Fundamentals of Digital Com ichs and Dala T

group ‘of N.slots are formed, ’rhe N time. slots are

Con’r Synchronous Tlme D|V|5|on
Mul’rlplexmq o

’_'rr\

o At ’rhe recelver, ’rhe demulhplexer decomposes each

Turn..;g . ) L o
|:1 As a sngnol por’non is removed from the purhcular
comlng frame, it s passed ‘ro ’rhe approprlc’re
recelvmg devrce or 5|gndl Lo Beuatigieca

.

- ﬂmmmmmA

A__\._
k..,r _

- Fundamenlals of Dlg\lal Cummunicmions and.Data Tmnsmlsslvn Dr. Falsai Alturki, page 82

frame by ex’rrac’rmg each porhon or chqracter in

B nnnrvn%

Figure A1 Time d:vmun nm‘llph\mf, process, |
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Cont. Synchronous Tlme DIVISIon
Mul’rlplexmg |

o Frdmmg bl’rs are additional syhc'hronlz'cm‘on bits added. .-
to the begmnlng of each frame to determme the -

beginning and. the end of the frames.:

0 Framing bits allow the demulﬂplexer to synchromze with |

the incoming stream so that |'r can sepc:rcn‘e the time
slo'rs dccurcﬂely : :

O Typlcally, the synchromzcmon mformcmon COI‘ISISfS of one " .

bit per frame, alternating between “0” and “17, that is
the synchronization sequence is (0101010101 ...).

0 Frame size consist of the number of bits per character:

* for each signal plus the additional framing bits.

E_xdmp-le 1 |

0 Suppose we ‘want to hme mulhplex four dewces,'

each device sends 250 characters per second.

o Each frame carries 1- chcrcc’rer from each devnce
and one synchromzunon blf. :

o Assume each chc:rc:cter is elgh'r bits Iong
=) tht is fhe total b[’r rc:fe2

" 2/9/2015



Cont. Example |

S s |
o
r.frqme contains one chqracter from each clewce :

Each frame contains four charqcters ‘ O :
chh device sends 250 chqrc:cters per second cmd edch

Hence, in one second.- we have a ’rotql of 250 frqmes and
each frame contains four characters one from euch device.-

Since each character is eight bits long ‘rhen -each frc:me has

_'4*8+1#33b.fs

o 32 mformahon bits and one frczmmg bit:

o Bit Rate = 33%250 = 8250 b]‘rs/second

0. Note: the total number of information bits is 8000 bits ctnd ‘
. 250 bn‘s are overheqd used for synchronlzohon

| Frequé-ne;y Diyi's-ioh'Mu'lﬁ'plexing' (EDM)

1 l:l Severcl 5|gnc1|s qre Transmlﬁed s:multqneously on:
" the same medium or same Trcnsmlsswn link by j

cllocc’rmg to each S|gnc1| a dlfferen'r frequency'
band..

0 The mulhplexmg process is done by assigning to

qu:h transmitted signal different carrier signal. -

L L vuuiﬂn‘;r U i
i MR MY Y IR
Col i ’ Sendiny
: :@_ | beadwidih
Fundamentals of Digital G s and Dalz Tr isslon, Dr. Falsal Allurkl, page 81 Fipure £2: Frequeney division muleiploxing process.
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Cont. FDM

0 At the receiver, the des:red sngnq[s is ex’rrc:cfed by
- using band pass filters.

= Frequency division mul’rlplexmg is ’ryptcally used for
analog signal.

oA direct qppliccn‘ion of frequency division

multiplexing .is- broodcqst s'rcmons, i.e., radio and
Telews:on . Demultipleser

Recciviig
bandwlif

pul

?'

of Olgital Comm Iczlions and Data Tt Dr. Falsal Allurid, page 82 [ipaere 223: Frequinev-division deinultiplexing proces,

Summqry

]|

DMulnp!exmg T'echniqu'es ‘are  used often 'in.
_ commumccmon Systems. '

o Tlme le[Slon mulhplexmg comb[nes mqny 5|gnqls on
" the same Imk with respect to time:

o Two types of 'r:me division mul’rlplexmg, synchronous -
and asynchronous time dmsron mul’rlplexmg

i Frequency d|v15|on mulhplexmg is ’ryplcqlly used for
qnalog s:gnql ' '
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