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Lecture 1: Intraduction {0
Communication Systems
Dr. Mohammed Hawa

Electrical Engineering Department
The University of Jordan

EE421: Conmranirine cafioig I

A Communication System

« Purpose of a communication systen.
Carry information from one point to

another.
» A typical communication system consists
of three main components:
— Source
— Channel
— Destination
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How ta build it?

Three basic blocks:
Generates Reads
information information
4 ¥
Source »| Channel » Destination
mi(t)
Simple example:

Charitel: Copper Wires

g T3
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Generates Reads
information information
il 'd
Source #  Channel # Destination
mit) T m'(t) =m(t)
Impairments:
—= Attentuation, Distortion,
Noise, ete
Parg p@'r DC = U.L .‘E;
o o
iz 1
=~{a ) m(f)=5V Re49V
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reee Channel Impairments
0.
1. Attenuation: As the signal travels through the
channel it loses some of its energy (powe%as eat in
the internal resistance of the channel. We say the
signal is attenuated.
A cos (2nfy £} 0.9 = A cos (2nfi )
- m‘(f‘] (T Channel J 0.9 = m(f)
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Attenuation ST
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+ Attenuation can be problematic for long distance .
y K

communications (say cross-country). Rk
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Channel Impairments

3 Linear Distortion: The channel atferuation changes accordl_ng'
to the transmitted signal frequency. Usually higher frequ n&:est
!E%;& a

are attenuated more. Hence, the channel acts as a
attenuates high frequencies, thus distorting the si . We say
the channel is a filter that has finite (limited) charne bandwidth.
0.9 = A cos (2nfi )

= ﬁw
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Acos(2xfi )
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Linearly-Distorted Signals
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To Summarize:
« Channel Bandwidth B, .\
— A property of the channel.
— You read it from the data sheet of the channel.
— The frequency after which the channel presents very
high attenuation.
* Signal Bandwidth B,,,, = B:
— A property of the signal.
— You figure it out from the Fourier transform of the
signal.
— The frequency above which m(t) has insignificant
(negligible) harmonics.
*  Rule of thumb: signal bandwidth should be less
| thanor equal to channel bandwidth.
%m(+) $ B
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Solutions to Linear Distortion

(a) The message should fit in the channel bandwidth
(either send at smaller data rate or use a better channel)
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Channel Impairments

3. Non-Linear Distortion: The channel atfenuation changes Liaear distoction
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Non-Linearly-Distorted Signals
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{_Solutions to Non-Linear Distorﬁoﬂ Use an Equalizer at ™

the receiver or Pre-distortion at the transmitter.
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Channel Impairments

4. Noise: All the undesired signals (not part of the
original signal) that are added by the channel.

Noise is a random (non-deterministic)- signal

generated by external and internal sources.

+ External Sources: interference from signals

transmitted on nearby channels{crosstalk)
interference generated by contact switches,

automobile ignition radiation, fluorescent lights,
natural noise from lightning, solar radiation, etc.
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\,5. Fading; Variable
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Other Channel Impairments »+

attenuation with time of

day and receiver location (Wit »

_6. Doppler Shift: Shift in the frequency of the
= transmitted signal. Shows up when we have
2 wireless channel and fast moving objects.
7. Frequency-reuse interference: Shows up in
wireless systems when we re-use the same
frequencies at multiple nearby locations to

— increase system capacity.
8. Chromatic Dispersion: Specific to optical
fiber channels.
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Shannon's Limit

JJ\C = Bchz;‘ log,(1+ Sﬂmﬂ)l
L— I“‘#w'r 2

'@Capacity of the channel in bits/second (bps)

P E e e

+ B,: Channel bandwidth (units of Hz)
‘ + SNR: Signal-to-Noise Ratio (unitless)(not dB)
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Lecture 2: Classification of
Communication Systems

Dr. Mohammed Hawa
Electrical Engineering Department
The University of Jordan

EE421. Commumacations |

Tﬂ”? e

oma

N

Comm Systems are classified based on
the type of signal sent on the Channel

Buschand ¢ Y5, o & "3 Carrier
Shen Fonpen,

L B
E
Analog Baseband Analog Carrier
Conmunication Communication
Sysfems Systems
Analog <
/ %’ T WWQ'
-
\I Digital Baseband Digital Carrier
Communication Communication
Digital < Systems Systems
Copyright @ D, Mohanoned Hawa Electracal Engincering Depurtmient, Unimersily of Jordan bl
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Each system has its adyantages!

Analog Baseband

« Simplest system to build
s [nexpensive

Analog Carrier

o Allows use of Antennas
o Allows Multiplexing (FDM)
e Allows exchanging SNR

for Bandwidth

Digital Bascband

o [mmunity to Noise

» Allows Multiplexing at
baseband level (TDM)

¢ More bandwidth efficient

s Allows exchanging SNR
for Bandwidth

o For more, see Handout

Copuright © Dr. Malremmed Haen

Digital Carrier

¢ Allows use of Antennas
o Allows Multiplexing (FDM)
o Allows exchanging SNR

for Bandwidih

s Also the advantages of
digital baseband

Electrical Engineereng Deparfwend, Lirreersity of Josdan

3

|

Modulation and Digitization

Basehand Carrier
.Y A
o i Y
i
¥ .
Analog Baseband “Analog Carrier
Anal ~Comntunicalion i y  Communication
g Modulati
Systems :]7 Sysfems
£ M e,
Hl\g] Sealtion
L | W=
T i
aldgl i gu
|Jgl
©
Digital Digital Baseband | |Digital \/ Digital Carrier
A Commumication | Modiiati Communication
Systems Systems
e
L
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Analog Baseband Systems

Analog;: m(t) can assume any value in a continuous range of
values at any point in time f.

Digital: m(f) can assume only finite voltages or shapes and
uses threshol

* Baseband: m‘(t} has a Ere‘qh ency- domaln spectrum clustered
around zero frequency (the base).

mif)

L]

| M{w)|

-2nB ( 2ZnB

Capriglet © Or. Modsammed Hane Efevirveal Engieerrng Department, Wnteesify of Jordan 5

1/28/2018

F doesak Comu
Framn na"*ﬂ Ll
Cravke 'i-- ‘j

@ ho) = amal

1N and Porisdic

Examples: Audio

Base Land . *"‘I Booiw =4 Kliz
H-j I.,lf'-"" ._iu?.la I !'\‘W"{m}|

L"\.J:;’r 2 f_m,_.g. 1—-&#;&'\ oy, ;,ﬁ._;.. 2 g i k‘..H-Q-
lrara 1"7‘*--*1 Fo iy 'r-’r"-f & / ZJ't("Llﬂ[]H ]3 Li
l:»:_j'.e( -—’HJ[)

Anal of 4::(4 kHz) O N @ o (rad/s)
hoeio i 2r(300 Hz)
' | Maus(@)| ,

27(20 kHz) 0 27(20 kHz)

Copyright & Dr, Molusweacd Hauw Elrcincal Engincering Departent, Usiversily of fondam &

m(t) = Digifaf
wnd aperiddic

A/\Qmiﬁc = 20KH2
_ a (rad/s)

mlt) = analoy

m(; P ;OJ "E

oa

Scanned with CamScanner



/Howf

2
fal sl Y

el

Coffiey —s  far -we‘j 'F"dm L

: sy +o C')ed&a
{.«"'{( ” EﬁJ ‘FJ-'I"I"I’ Inverse }‘(‘M[w]i b m(—f')

/‘_\ IF I.-LL nnquJ or c\'la;-}“‘.-

' o casnes
g““wba"‘; -ﬁapu:och'c, { gmortin cur e LA Mok Sun f casn )

f M(w}i M 01‘—- fdﬂiﬁ?S)

/Pﬂf.oc}c G
H\"‘? gﬁjcbmﬂd (“fwnc] %Mo)

far\no% o‘vmdr It ks amn‘[:] of Jj.-lau' gnJ 1L e Fiad ch.;)

o
~ e ‘odic s.anﬁal
= > Ceif i ey GERCJ ____...———- 4- Eﬂ\
# how an .E){amPJ(:? 4 ﬁ g Seco Ls impilses ISl g:?fzus

Foup crwrnd B
W

M ()
. 0 )_7
Jlﬂj—f_— S A{.—TL_J _?_‘L__ ((4) = S cosines
}

.,E {x(-f-)j' - .rff c-:as.'n_fs:}'
I ™ Z'?[‘?%incf |

= Jmpulses

Scanned with CamScanner



1/28/2018

Examples: YideQ

Ana I'tc'fj @
Bege bnm:) — | Mutsc sieo0) | s .
aperiodic 2n(4 MHz)

/ ¥

@
ﬁhafog B@,EMJ | Mpatoital@) | Evrope + Jordan !
apériodic T 2n(6 MHz)

/ 0 @ (rad/s)
D= ﬁu-ucﬁe =0

o (rad/s)

Cqmrg@ﬂj Mohamnned Hiewea Elevteical Engineering Depariment, Unroersaty of fordan 7

lgfmimabb_e 2 2 O =5 avd e sy no ;mPu|5e / Lo o€ =6

Analog Baseband Systems

* An analog baseband system sends the analog
baseband signal m(f) as is (without any
‘modifications).

+ Advantages:

— Simplest possible system.
— Inexpensive to build.

—2* Usually used for short-distance
communications.

7+ Examples of such systems in the next slide.

Copyright © Dir. Mohaneed Hau Electrical Engincering Dieparbisent, Ustinersity of Jardan ]
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Analog 4 ; Modiglntion
Systems Systemns
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s Digital Bascband | - Digitnl Digital Carrier

Digital < g 2 f 5
Connuumication | Moddation’  Communication

Systems

Systems

e
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Modulation

* In modulation, the signal m(f) is combined with
a high-frequency signal called the carrier.

* Hence, frequencies are shifted.

| M) |

FH= H(w)
{

Chre ey
cle) _ Cos (wc{)

I

Pese Lond
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> =
-akb 0 2B o
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Fegancy

Analog and Digital Carrier Systems

* Modulation (i.e., analog and digital carrier
systems) advantages:
- Allows the use of reagonable antenna lengths.

(FDM). As well as CDMA and
OFDMA in dugital systems.

— Allows exchanging SNR for Bandwidth.
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modulator

Frey, mo
. Exalg ples of nai:gcarrier systems:
—nd EMyradio broadcasting, ) Evse
= Analog TV broadcasting (NTSC and PAL).

. E 101 T .
xamples of digital carrier s ste_r_n‘sﬁu ) Audic

e SAMRlE Cmﬁjﬁ Systems

= Wi-Fi wireless local area network.

Lroadcdt
~Homp

— Cellular Telephony (2", 34 and 4" generations).
by we qeed — Bluetooth, Zigbee and NFC
Modvltar ‘F_@P ' 7= Old dial-up modems.
while its ok wifes | - ADSL modems.
wireless (:J Copmst © Dr. Mohmemedd Hovva Electrical Ewginrmug Beparfimert, Usirorsalty of forsiy - 13
* My Hplexy as

W
K (pppeition)

Broad custig

(e need 4 Lo wie +a iodera b

ﬂ'l.!m = rr"l.ﬁke

a Phang Call

Modulation and Rigitization
Bissebusd Carrter
Analog Baseband Analog Carrier
Analog Conmmunication M‘;‘;{'{:}’Eﬁ Conmmunication
Systems -——-—'-V' Systems
i
I
o
Digital Digital Bu_sr!ujnd Digital Drigital fj.t'!rﬂcr
Commoication | Modulati Communication
Systems 1 Systems
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Digitization

* To convert the analog ba band signal int
digital baseband sigr%al:se I

‘< Sampling,
< Quantization.
< Mapping,.
= Encoding (coding).
< Pulse Shaping,
* Digital baseband Advantages:

— Immunity to Noise. (4hashold detechon , T)ansredat , [FC- ._)
— Allows Multiplexing at baseband level (TDM).

— i g
Mm uﬂ!tz +D F a
Copuright © Dr. Mufammesddlians g*-l- i d E.'nrnm? Exi girioerin, 15, Depariment, Urpersity of Jardan 15
&

= Allows Moltiplexinng ~F camier Jovel (cp,ug ~d @FM@

et P

Example Digital Baseband Systems

» Digital baseband Advantages (Continue):

— More bandwidth efficient (compression and line
coding).

— Allows exchanging SNR for Bandwidth at the
baseband level.

— For more, see Handout.

+ Examples of digital baseband systems: _ Upiversa|| evial s
— Serial (RS-232) and USB port connections.

—= Ethernet (a popular local area network).

to = Tele hony (between local exchanges), such as the
connect T.], %-2, ..., E1, E2, ... etc PDH carriers.
(Ben Paders

£‘p -!z{fr E‘H.MS

Copywight © Dr. Mofunmesd Haue Etecirncal Ergimeering Depurtneend, Liinersity af Jandan 16
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r Source ¥ Channel » Destination _
[mpairments:
Attenuation, Distortion,
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Lecture 3: Review of Signal
Analysis Basics
Dr. Mohammed Hawa

Electrical Engineering Department
University of Jordan

EFAZT Ubminiiana al frafts J

Exponential/ Trigonometric/ Compact

Y —
"

I
(I = ' — ,
i) = &S {u, costnant i 4 besintnaad . wo = -5
e Lo’ !

)

= = i
. ~ -
i : lir
)= e E oy, s [t — Y. = —,j':'
& 1r= |
Copuriglt © Dr Muofnsaneed Howd Fdceirical Baigavorrmng Dipurtanat. Uiricraity af Fidan 1
13 . :

Scanned with CamScanner



9/8/2018

Exponen tial Fourier Series
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Periodic Signals
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[ —— X(4) = Voltege
KB — Power
Power Spectral Density
;[H- = Cwﬂt)f PSD = SJ.'((‘J) - "m 'X 2 auto-corce e .
4@ [ 1@ T—= T(w)' = :F{Rxx (T)j
-, P Q [5yw) |
S L LA, 2 \mpulses
::‘_'L, 1] {w " .
15) Toplts WX " #iec)
2rfeeq?) (f""- mullc?‘e-
u,}'f /H
e \51'3‘?: -2 f FT 3 "H e
“fzqf/q) p—
Quick Review of Filters BHCAt Soes
« There are four main filter types that
you studied in signal analysis:
(L L PF: Low-Pass Filter] sy o schwe and  chthp Solubo
() BPF: Band-Pass Filter o N
@-HPF High-Pass Filter
@Band-Stop Filter / Notch Filter.
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Low-Pass Filter (LPF)
* Symbol:

ey ase feje el

I’.-‘(f) —ﬂ_, vo(f) high F/Et: quﬂ . P.s.sd)

i) — X L (t)

I}J{fj E’{’(r)
J;(,#m;j respunge Funthion

Logrighi o2 1% A dupammedd floue

Frequency-response function = -

\
V(@) | H{m) |
Hw) = () 1 or k)
J p.-'h{'i-ul ! TN ey IGI'H"I LP,]:
_.--—-// [ aly N
- {) ) T E
[ Vi(o) [ = Hi@) [ | Vo) b Brduwiiba o §

‘_T?’r}-'."{\r',"c I.'-,":!,-n'\ (fm?ﬂ!{’i)
“-"}'EL"_L'-'{Hn.

——— 1) (rad/'s)

It-fl gf‘ mnf_a .";.;’an'&{'u"
‘ant‘H‘-‘-J\ .

| Gdes

0 “
2rB
wight £ [} Totunmne! Flare 2 B N f ]
Lo ghd & L Vs Pl LIf Ldinen Logatceig | '.J. Vhtind LiRpos raifip fowdup il ]
.
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W,
” andaYS “entered at () raq o
Wldth = ¢ '
qin = R frequency = o, rad/s
H(w)
i'_u'(f) LPF Eﬁ;(f} Gﬂ}ﬁ}
@ WY Bandwidtly @ i - éﬁ 9 2 (SkuEyo |
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& Gain = 2 | e
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Example Circuit

% Hrsb ocder  low pass Fipker ¥—
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Il
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+ ¢

vi(f)

C o+

vo(B)

- o L -

. &

m:@RC Hz «—

high fm? — C —shert C
Gain =1
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No+ 1okmy |
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(
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B
and-Pggg Filter (BPF)
> Symbol: \

Ui(t
= BeE Lo -
5 D i o ¢red
rejethe

vi(t) —» % s Vot

oty /ﬁw 20(t)

L Copyrrg) A b P | = l
Frequency-response function
_ V(w)
H(w) = Vo)
| H(w) |
gaﬂd: N:CPA-"J
1 (or k) :
I |
-0 0 o) @ M o
}
C-”rW;’@J ‘[:lré% .
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/ Specifications

quency w, rad/s. .

- T'a(f )

80 kHz
100 MHz

FE]

W pearrsciad. Llarioersaly of Jordan

Example Circuit

R
f Erelfiegegsy o
vi(t) c-’- L o)

= frpne = FHe
m-.—Lﬂ,f /? =2 . in ‘fﬁ
H-F'f’p-_,?;;" fonap \
BHP!’ ﬂf —— [{Z

Gain = 1
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Lecture 4; Amplitude Modulation
(Double Sideband Suppressed
Carrier, DSB-SC)

Dr. Mohammed Hawa

Electrical Engineering Department
University of Jordan

Notation

Modulating signal Modulated signal
N ¥
m{ﬂ—r Modulator — o)

(ﬂb o(t) = A cos(oct + 9,)

A 4
Oscillator Carrier signal

Copyright © Dr. Malwwmned Howa

Eleviracal Engincering Departurcni, University of Jordan

9/8/2018
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Three Modulation Types

* A «m(t); o, = constant; 6, = constant
— Amplitude Modulation (AM)
— Amplitude Shift Keying (ASK)

* A = constant; @, o« m(t); 0, = constant
— Frequency Modulation (FM)
- Frequency Shift Keying (FSK)

* A = constant; o, = constant; 8, o« m(t)
~ Phase Modulation (PM)
= Phase Shift Keying (PSK)

Capwnght € 0. Molwmmed Msapa Efectrica Engaerning Lieprrdmrnd, Uneoresety of dordm

E]

|

Uluq\lﬂ
ﬂt.{{.

DSB-SC Modulator; Mixer

/b"‘.—_;! = m(i‘)-

m(t i : Outpt
(o

¢(t) = cos{w.t)

Coprmght & Dr. Msdwmenrd Hooa Electrecal Engincermy Depurinecrt, Unimersily of Jordan
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DSB-SC Demodulator: Mixer again!

o) x(1) LPF | Output

=7 | L [T 40

dﬂ’} = m(4) Coslwch)

Cha.rm

c(t) = cos(a.t)

m(f) (o5 ( we f) . €0 (we {7.)
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Filter Specifications!
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e(t) = cos(wd)
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fote moddabér means

mlt) = ¢ Cos (win k)

small ﬁtgz N

S orliel m&! 4'

(@5)

Fraur|
qu_'_f]f_ d

i

the baseband signal m(t) = o cos (@, f) [the

icen 1

Example

* Assume we perform DSB-SC modulation for
case of tone modulation], where ©,>> ©,,
— Sketch the time-domain modulated signal ¢(f).
— Sketch the Fourier transform of the modulated
signal ®(o) [frequency domain].
£&=Find the bandwidth of mi(t) and ¢(f).

= Wm

— Show the demodulator hardware.
— Sketch x(t) and y(t) in the demodulator.

13

— Find the average power in both m(t) and ¢(f). ——

Cepunght B Dy, Adaimmand Fhu Efectracel Emgmaermy Deparboscnt, Urmponsdy of fordm
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Haomeweork

For the following signals m(t), sketch:

— The modulated signal ¢(t) at the modulator
— The Fourier transform ¢(w)

— The signals x(t) and y(t) at the demodulator
— The Fourier transform X (w) and Y(w)

Find the average power and bandwidth for the
signals ¢ (t) and y(t).

Are there any phase shifts in ¢(t)? If so, where?
Determine the DC value in m(t), ¢(t) and y(t).

e trical Engantrening Drepartmon!, Lnizeraity of Jordan 15
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1 Homework
DSR-5¢

. For the following circuit, sketch x(t) and y(t),
along with the Fourier transform X (w) and Y ().

TX RX
/_"_)_A\ 4 G ™
mt) x(f) LPF
{ ( H(w) — y()
Bandwidth = BHz
Gain=1

o(f) = cos(ct) }c_(r)_= b_l@

Copyright @ Dr. Mdaupned Haow / Eleetrscil Engincering Depurinicil, Unarersify af Jurdan 1%
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