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Lecture 1. Infroduction to
Communication Systems
Dr. Mohammed Hawa

Electrical Engineering Department
The University of Jordan

EE421: Commurtications 1.

A Communication System

+ Purpose of a communication system:
Carry information from one point to

another.
* A typical communication system consists
of three main components:
—Source
— Channel
— Destination
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(b) Use channels with smaller attenuation levels (e.g., optical
fiber) - such channels are usually more expensive.
(c) Digital signals are less susceptible to attenuation (because J.N+ caf L
of threshold detection at the receiver). ﬁx e oY
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Channel Impairments
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2. Linear Distortion: The channel attenuation changes according
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Linear Distortion: Effects
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| Linearly-Distorted Signals
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To Summarize:

+ Channel Bandwidth B,,,,,..i
— 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
than or equal to channel bandwidth. '

Electrical Engineering Department, University of Jordan 14
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Solutions to Linear Distortion

(a) The message should fit in the channel bandwidth
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Channel Impairments

3. Non-Linear Distortion: The channel attenuation changes
according to the transmitted signal amplitude and/ or phase.

Usually higher amplitudes are attenuated more. This
causes distortion to the signal.
A cos {2nfa t) 0.8 x A cos (2nf2 1)
i T
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Nan-Linearly-Distorted Signals
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Distorted signals are not desired!

_* Solutions to Non-Linear Distortion:!Use an Equalizer. I
G ,__--—:_-_"'

Electrical Engineering Department, University of Jordan 21
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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.

Electrical Enginecring Department, Umversity of Jordan 22
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Example External Noise: Crosstalk
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Noise ol

« Internal Sources: thermal noise (random motion of
electrons in conductors, random diffusion and
recombination of charged carriers in electronic

devices).

9/17/2017
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Noisy signals are nat desired!

Gt e

+ The effects of external noise can be minimized or eliminated.

+ The effects of internal noise can be minimized but never -
" eliminated.

Copyright © Dr. Mohammed Hawa Electrical Enginecring Department, University of Jordan 26
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Satellite Systems
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Shannon's Limyit
)Qin‘ljft N mb&"

C = B.p X logz(l + SNR)

« C: Capacity of the channel in bits /second (bps)
« 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: Commtunications T

Comm Systems are classified based on
the type of signal ;:‘r;ent on the Channel

Baseband { -G[DMWM Carrier

Analog Baseband Analog Carrier
Communication Cotmmunication
Systems Systemns

Analog

A M acdl M.

Digital Baseband Digital Carrier

Communication Communication
Digital Systems Systems
Copyright © Dr. Mohammed Hawa Electrical Engineering Department, University of Jordan 2
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Each system has its adyantages!

Analog Basceband Aunalog Carrier
. . o Allows use of Antennas
o Simplest system tobuild | o Allows Multiplexing (FDM)
* Inexpensive e Allows exchanging SNR
Sfor Banduwidth
Digital Baseband Digital Carrier
. Immunity to Noise o  Allows use ofAntenrms
o Allows Multiplexing at * Allows Multiplexing (FDM)
baseband level (TDM) e Allows exchanging SNR
*  More bandwidth efficient for Bandwidth
* Allows exchanging SNR
for Bandwidtl: o Also the advantages of
 For more, see Handou! digital baseband
Copyright € D, Mcrammed Haiva Fiectrival Enginrawig Departiment, University of Jordan 3

Madulation and Digitization

Carrier
S = N
/] Analog Baseband Analog Carrier
Comnmunication Andlog Communication
Analog Modsdlation
Systems Systens

13,

=y

Fl (A De,—modukvﬁdﬂ-

l [T 19 ]
/e—ol:j:f ML
Digital Baseband | Digital Digital Carrier

Communication | Modilation/  Communication
Systemns Systems ‘

. i p&—n«oalu/ 1L:'0/ .

ammed Hiwa /Ekgﬂﬂngl‘mm’ug Departmicnt, University of Jordan 4
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Analog Baseband Systems

+ Analog: m(f) can assume any valueina continuous range of
values at any point in time ¢.

= Digital: m(t) can assume only finite voltages or shapes and
uses threshold detection.

« Baseband: mét) has a frequency-domain spectrum clustered

around zero frequency (the base).

m(t)

; odliC
t /\ I ey i a()s ao.\h(,ul\lg
| e 2 sinc >
2nB 0 2nrB (@C se MMO[ O)
Co;rydgllt © Dr. Moliammed Hawa o . Electrical Engineering Department, University of Jordan ;

EXFWPZ?S- Andia {;f;;@ 9 . (3004%)

;J?"‘N-}k(,' | M) eack €

7[}0""‘ A/—\
%ﬂéef\o =2YKHE-

2r(3400 Hz)

Analaﬁ» ; ‘ .

-21r(4lkHz) 0 \ 2n(4 ‘kHz) o (rad/s)
22(300 Hz)

‘Mmusic(ﬁ))l B . ™M L'U = L’;{H

m o (rad/ s)

227(20 kHz) 0 2n(20 kHz)

"
g Dcpartmiont, University m’l Cs

Elecbrival Ergiraernty

Copurighe & Pr. Maluiperni 4 Haum

ceband R opeciodic
\B,gﬂ(widﬂ{; of fhe ‘ '31
e S‘jﬂh("?bpsftnu”i" * j

I

ugjc:;\& @Mﬂ&le;
te= 1l

Scanned by CamScanner



2N /\_é

v

(ple |

& Td, ey

£x5
£x b

41\

21 114

!Al\aloﬂ V'S.. ﬂ:’gif‘»l kﬂdowtain (/]S\‘ shecon i,;y /J(&f.'mg>
‘ sligles.
R Bose bovdl vs. (arvienr /iofa.mm, e |
(_:C:F rcfeds l{—fﬂl{] or NA-
Mo vs. argrudic § e L o
eI k—"'1‘;:‘::'”'/\ fmodh cwve
gt or impunlses.
4'} L‘Pumdv'c'
exl o .
ieia N + s Digifal.
V- _jf’ = &=, E@(fdog/"(_
Ex-2 e
e ST i1 Qs pfsi*%\
ot dic
: ot apPef o ?
N B B P
i)
" ]% A =
]( V 1/ L PerisdiT .-
),
Ex.H ML r@r,'od/fc .

=% As’\“lo‘j OR ﬁf'aiﬁv\

G (leok ot @x  threshdd)

it wse Anehdd (Disitel)

nﬂ Mot ,MoLfeao{S
Voltaoes (Anelog

\M(«JJ]

J2ase bomd XN pecisglic.

C‘Mle,r& (’f‘ffv iC
( Con’t teil analey or aUgi?a.l)

woithont 7/ z 1\

Scanned by CamScanner



\#e) (V’mw

Analgj.

J\l/(g“ -

\

4 A

Examples: Yideo
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| MNTSC video(€0) |

Ve

27(4 MHz)
/ v
0 o (rad/s)

w’eaf " EWU{"&.{-JO{.M

| Meat video(m) |

2n(6 MHz)

r

0 @ (rad/s)

Copyright © Dr. Mohamnied Hawa Electrical Engineering Department, University of Jordan i
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9/17/2017

band. -

since fhere is

Analag Baseband Systems

« An analog baseband system sends the analog
baseband signal m(t) as is (Wlthout any
modifications).

+ Advantages:

— Simplest possible system.
— Inexpensive to build.

« Usually used for short-distance
communications.

- Examples of such systems in the next slide.

Copyright © Dr. Mohared Hawa Electrical Engineering Departisent, University of Jordan
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Example Analog B

Last Mile (Local Loop)

aseband Systems

i

Digital Baseband -

g

b 300 m~5km

Coririghi € U, Mehamored Harea

de| the core) .

A3
(inside
Local Main
Exchange Exchange
(L.E) (M.E.)
'}
Core ;
Pleckneal Ensmeannig Departma, Uitner g of Jorda, 9

Maodulation and Digitization :

Baseband Carrier
A A
' 'l N
s
Analog Baseband Analog Carrier
Commnnication Analog Communication
Analog < Modidlation,
Systems

Systems

Y
{ uoyrzyBiq

Digital Baseband
Communication

Digital <

Digital Digital Carrier
Modidation/  Communication

Systemns

~

Copyright © Dr. Mohamimed Hawa

Systems
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Madulation

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

* Hence, frequencies are shifted. Sl’ll%t = Mgatmlﬂh oN-

M)

base baucl - -
' B ) 5 1 Maalu qfion . jole_maalalaﬁm.
caATiey. MTH
ZiS 0 LN

O

w
Copyright © Dr. Mohammed Hawa

Electrical Engineering Department, University of Jordan 11

Ty
~

.y : A
Analog and Digital Carrier Systems e
*. Modulation (i.e., analog and d1g1tal carrier

‘ systems) advantages:

— Allows the use of reasonable antenna lengths ( necessal H Fﬂ r wireles S)

N — Allows Multiplexing (FDM). As wellas COMA and | chonnel.
3 OFDMA in digital systems.

— Allows exchanging SNR for Bandwidth. g ( - je_ ))M £50n

_ E i , Multiple Acess.
SN LN | A NN X

Copyright © Dr. Mohammed Hawa

Electrical Engincering Department, University of Jordan 1
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;wticssﬁi A speed of Light: s

. |_l / Ffe,?'- af Si9naf [sz

Scanned by CamScanner



S lwman voice. (8 ke aftey =200002).
for casier calculations.

Y W,
s ST T 10 G
_?OOO Hz —
},an4 :% __———_"_jdﬂd‘n/l_,

e (fsz.wzﬂumz)

8
- £ "_Z_"’E.I.?— = OlM""TOC/M
}\ £ 3 4107 =
Lont ?‘2\" = .5___:,—9-*&

;2;\4 We cant do Wicles  Withoo! /(nf("/t/lm

memori T -
CoMA: Co
0 FDMA + o rihogens

v stultplering => Castlel 29 it B
/‘(dclu}a'llfaﬂ L Diey bizafion.

e Dvision \/Wu!fz/,t/f AC&&KS
F}e,?uancg Division /L{lr f/plf ACcasf

Scanned by CamScanner



,x_a[wajs w:'fcleSS- WNSC Mw{“/ﬂfhoﬂ- 9/17/2017

Example Carrier Systems ol modebtion

+ Examples of analog carrier systems: FM Fregnan g 4
— AM and FM radio broadcasting.

— Analog TV broadcasting (NTSC and PAL).
» Examples of digital carrier system ns: -+ DA B;W’?On‘ ze

— Digital radio broadcasting (DAB). <he rte, /

— Digital TV broadcasting (DVB-S, DVB-T, ATSC) ¥

— WiMAX metropolitan area network. ovi: il 9 ) fa | V&ﬂ’Ll 0
— Wi-Fi wireless local area network.

— Cellular Telephony (24, 374 and 4™ generations). C' 12 09\.‘( Cag 7"1 /\j
— Bluetooth, Zigbee and NFC h

o ot 7o R
eg oolu!a’f'" = modems.
PR3 M b

( (/J re Copyright © Dr. Moliammed Hawa Electrical Engineering Department, University of Jordan 13
|

¢ - Cannechng Maglen
with the Telgphone .

1 L] & . 3 3 .
Madulation and Digitization
Bascband Carrier
s 7 N = ™
Analog Baseband Analog Carrier
C ) Antlog PR
Analog < ommunication Modulati Communication
Systems : Systeins
=}
o9,
Digital < Digital Baseband | Digital Digital Carrier
Communication | Modation/  Commmunication
Systems Systems
L 8
Copyright © Dr. Mohammed Hawa Elecinical Enginecring Department, University of Jordan 14
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Digitization

« To convert the analog baseband signal into a
digital baseband signal :

g) — Sampling. memorize the & o
— Quantization. _ respec + v .
3/ — Mapping. jA/ p og_‘
Y ) — Encoding (coding).
— Pulse Shaping.

» Digital baseband Advantages:
— Immunity to Noise,wlc[ AH@waraA 1
— Allows Multiplexing at baseband level (T DM).

I them

Copyright © Dr. Mohammed Hatoa Electrical Engineering Department, University of Jordan 15

T /M* ﬁ-imf/ B’imtﬂ‘aw /(/[M,H]Y)le.b(l\/\‘?s
LA- enables by 9[5i+i%a+iow-

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:
— Serial (RS-232) and USB port connections.
— Ethernet (a popular local area network).
- %ellef%hémy (between local exchanges)ysuch as the

Copyright © Dr. Mohammed Hawa

Electrical Engineering Department, University of Jordai 16
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Black Diagram of a
Communication System

Source »  Channel » Destination
Impairments:
Attenuation, Distortion,
Noise, etc
Copyright © Dr. Moliammied Hawa Electrical Engineering Department, University of Jordan 17

Source "“'

Sopre Mpd Pestination. .\ g b o
P

.E.lk) \

I "f""’“’ﬂ’:" Input
Transducer

¥

Quantizer | | Encoder Modulator ) Amp =
To Channel |

v

> Sampler

+ Mapper + Pulse Shaper

ADC Oscillator =~ §
4 1

Destination /;j" i$C- f'

. 7 =
Information|  Output A LPF <DAC le Decoder | Demodulator\‘ + Equalizer

f pistoction:

Transducer + Amplifier + Filter Fr o,;‘

Dﬂ-—i) ‘.3 itize (‘/5 = Oxi\,ator%/ ‘/6 "I C .

/ Copyright © Dr. Mohammed Hawa Electrical Enginecring Department, Univegsity of Jordan 18
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Lecture 3: Review of Signal
. Analysis Basics
Dr. Mohammed Hawa

Electrical Engineering Department
University of Jordan

EL421; Communications [

Exponential ys. Compact

Complex  exponential form

x

4 27
z(t) = E (kpy - el g = 71—:

=2

complex exp- foudier senies CD&#}CI&’/-

&) e D
xr(t) = 5 + "Z::tc,, cos (nwot —0,).  wy= ‘7_
Copynight © Dr. Mohiammed Hmva Electrical Engincering Department, University of Jordan 2
Mewmorize © o
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M&\\g e ,]@\-

A Exponential Fourier Series
2

15l 1V, g\ ~ve =) 3{\/65' COS"%
%GSI

|a- 1] IOLI
Magnitude | 2[
Spectrum
22— o (rad/s)

y ] ] \ 1 1. - momzm}\\gaash i*t larmefic (f;‘;]ﬂ‘ll f%,f{}

1
g Y { insignif,‘caxl Zas FMU{CPW

s mptam
‘3 Phase Laléaz y La( é ZJT
Spectrum Lo awm __I,_
! 222 @ (rad/s)
1 0 @o 2mo
Zaa
éaz

went, Universily of Jordan 3

Single-Sided ys, Double-Sided

[l

o]

Iazl [az|
1 Gl
co00 000 © (rad/s)

—ow 0 @o 2wg

[ it G 1= 2ol
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Basic Signals
L@ sgn(d)
1 P——— 0
1t t 3 t
-2
rect(t) A rect(t/2)
J| Area=l A
L1 A
-t/2 T 1/2 f /2 ;, 7. t
l-—l—-t |..—_E:——-k
Copyright © Dr. Moluhnned Hinea Electrical Enginecring Departnient, Unrversity of Jordan 5

.Alwajs the  aveer
5140\»10(4 be U) ;

Basi¢ Si%nalé
A - %U) ()) - % AA(th)

1 A

-1 0 1 t T 0 1 £

i I

saw(l) A saw(tf)

A
1
-1,2 l/] - l/]

l/] 1/2 t V) 2 t
S ‘-A .

Copyright © Dr. Mohammed Hawa Eicctrical Engincering Departirent, University of Jordai 6
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Basic Signals
sinc(t)lﬂsin(nt)/ut 2’!0[ /‘, fw ”.

} flull

exp(-£2/2)
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Periadic Signals
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repr(24 A 2/ T} - A

v NN NS
VARV L VAR VA
o I Mm(tfﬂ"(f/ﬂlu ./l ;“"

Vr . TVT l/T,

Copyright © Dr. Molamrmed Hawa Electrical Enginecring Department, Universtty of Jordan 9
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Fourier Transform

Xw) = Fla(t)} = /', (t)e J*’rlt

¥{t) = '""1{\@,)}-— X(w)e eIt du

iﬂ;—-

Copynght © Dr. Molanumed Hiea Electrical Enginecring Depariment, University of Jordan 11
Fourier Series ys. Tranform
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Periodic ys. Aperiodic

| X(w) |
2n | nz|
- 2ix|n-1| 20| o]

2'510..3[ |2 T T 2‘“:'@2'2.rt o3
97 | g el
=Jo, 200 -0c 0 oc 2mx  3on ¢

[ X(@) |

Copyrigli 20 D, Mokannwea Hava
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13

DC ys. Ayerage Power

The DC value ot average value of the signal x(t) is:

1 T/2
T0: DC = x(t) = lim = x(t)dt
T=oT ) 1/

9 beoTT—ay —b Jowciel SATES Coeffd

The average power in the signal x(¢) is:

T/2
[x(t)|*dt
-T/2

TP! P, =x%(t) = lim%

FP: n=P@=5 Sw)o

Copyright © Dr. Mohanmed Hawa
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xAt)
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DC ys. Ayerage Power

\1 . H AV Pawa":__ﬁ_z.: 12.6 W.

Py S =X = O

N

x2t)

10
Y

|
pcn ; i!

- |
-r.u

INZE N (A3

Electrical Engineering Department, Unwersity of Jordan 15
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Power Spectral Pensity il ANl gar
1
PSD = Sx(w) = }_lrg-leT(w)lz =~ :F{Rxx (T)} "
\ w) dw
15:(0)] & Bye 52 S Sl
2m(A2/4) | 2n(A/4) ~ay
=
o e /) rea
=00 Wo ™
15.40)] =L {21} A%
sntenl, . 2n(e/4) > %
m(ce? A 2n(c? | I
2n(c2/4) 2n(c?/4) 5 A2
kel l—3‘mc' -gmu —Io 0 1; 2£n 330 © ﬁﬁ/ - —z" W
|
Quick Reyiey of Filters
* There are three main filter types that
you studied in signal analysis:
—LPF: Low-Pass Filter
— BPF: Band-Pass Filter §
—HPF: High-Pass Filter ,
- 2SF - Band -Stop Filfer
Copyright © Dr. Mohanimed Hatoa Electrical Engincering Department, Unroersity of fordan 18
9
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Loy-Pass Filter (LPF)

9/28/2016

I ————

+ Symbol:
v(f) | LPF (> ()
u(t) — R fr 2l)
ui(f) —l —\ |, ouf)

Frequency-respense function
(@) | H) |
Hlan'= Vi(w) 1 (or k)
-y 0 ® o}
[ Vo() | =|H(w) | | Viw)|
! Y [Vi@)|
1
0 | t @ (rad/s)
2=B
2“%”’ F Eeetriead Lnginecriig Department, University of Jordan 20
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Characteristics
¢ entered at0rad/s.

« Bandwidth = Cut-off frequency = @, rad/s
* Gain=k.

vi(t) —»| LPF

\He)
2\

wy/ Bandwidth =5 kHz
& Gain=2

B

I
j\

> o (rad/s)

h o
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o ! K ’

rdan 21

27 (5KHD)
27 (-5KHZ)

T = 9% Bandwidth:

Consider onl

* Fac

% Tn Landwidlth Calc

Con (i

u//all/'dﬂ!
Pagiﬁl/ﬂ ré%4”
{Jowef Ca ]wfdﬁonf

0

e

+

vi(t)

Example Circuit
17 or

Po.ss e

ﬁ > ( openr VoV
ff =hHe( short Vo=o

Copynight © Dr. Mohanmed Hawa Electrical Engineering Departurent, Unwersity of

e LB

ex” 20'“4 e d-ve
=] Je;f,%

J:Her.

Jordan 22
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Band-Pass Filter (BPF)

* Symbol:

vi(t) —»

BPF

vi(t) —»

A

L 0o(f)

Capyright © Dr. Molutniiied Haoa

— Volt)
oA
S 'Uo(f)

tent, University of jordan 23 i

Frequency-response function

| H(w)]|

-1 (or k)

-0

Copyright © Dr. Mohammed Hawa

Elecirical Engincering Departitent, University of Jordan 24
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Characteristics

« Centered around center frequency @, rad/s.
« Bandwidth of Filter = ©,- @, rad/s

» Gain=k. gefa(e ﬁ/\’ ,/},S

v(f) —| BPF ._,va(t_)/V %r ﬂlkl /

w/ Bandwidth = 80 kHz "
Center Frequency = 100MHz
&Gain=1 ~

Copyriglit © Dr. Mohanined Hawa ( Electrical Engineering Departrent, Umiversily of ]nrdﬂ: 25

3

- -

?
/1 B M” |

AT H(%-%Mﬁ;’ﬂm.owm

| 1
Ll

(- 100M H?) 27

27 (100MHT)

R

Example Cﬁu{; » " o 20F.

w + .

L vel)

+

Copyright © Dr. Mohamnied Hawea

1

fo = Fres = gayie Nz
R

Bgpr = Af = Pl et

Gain=1

Erigincering Department, Unfversity of Jordan 26

13
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High-Pass Filter (HPF)

+ Symbol:

o(t) - HPF | vlt)

v(t) — x> olt)

i) —» /“ |, 0o(f)

Copynght © Dr. Mohammed Hawa Electrical Engineering Depariment, University of Jordan 27

Frequency-respanse function

_V(w)
H@) =y @

| H(w) |
Y { i Y
1 (or k) Dadrclth= ¢
R
-0 0 Oy o)
Copyright @ Dr. Mohammed Hawa Electrical Engineering Department, University of Jordan 28
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Charagcteristics

* Cut-off frequency = o, rad/s.
* Gain=k.

+ No bandwidth defined.

Copyright © Dr. Molummed Haoa

Electrical Engineering Depariment, University of Jordan

29

Example Circuit

pacssil g
o) © R% 20(8)

f
/j—:b Copenr V,zo feut—off =

J)f = Slﬂo/Il Vo '-\/[ Gain =1

Copyright © Dr. Mohammed Hawa

Electrical Engineering Departnent, University of Jordan

1
2nRC Hz
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|

‘ Lﬁcmre4 Amrélitddﬁ Msﬁdulaﬁon
(Rouble Sideband Suppressed
Cartier. RSB-SC) -~ Uduonze ;1

Dr. Mohammed Hawa
Electrical Engineering Department
University of Jordan

EE421: Communications {

Natation

Modulating signal Modulated signal
bosit
twﬂ‘~

m(t)_,| Modulator — efer’

o ¢
é ¢(t) = A cos(oct + 6,) 5" !\M{b‘?

o P A T9RES 1 e,
Oscillator Carrier signal b obpl(- 10N

Copyright © D, Mohamned Hawa Eiccirical Engincering Departinent, University of Jordan 2 g
¥

x If clt) is cosing, it is (_‘qﬂed
CW (cw\fmu(ous wou/(,) moo(u’a‘hom
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%MOO‘{M,(L‘HDA:' s A ‘G(acbﬂs -an{‘ Conses aSLl'lf/'
°F Fre?umcids 076 the Sljna/ F{am gmrgbgma{

to Coxvilt.

x Modulption s achieved by: ohinjmj e of The
basic PMMC'h’/ s of a M jafe?'um{-aj {J@rfci'_q_ c
s{jmml (cqllad( the Caff"ﬂt’c}) i pfapofffdr]

Lo 4he bafe&wm( rv'cs;a&@ gijma{ m(t) -
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Three Madulation Types

* A o« m(t); o, = constant; 6, = constant l é'l’“ fion-
- Amplitude Modulation (AM) —* i~ Analosy}i Mo oL“| ation.
— Amplitude Shift Keying (ASK) — ia Driyrtal Mo

* A = constant; o, «< m(t); 6, = constant
— Frequency Modulation (FM)
— Frequency Shift Keying (FSK)

* A = constant; @, = constant; 8, « m(t)

— Phase Modulation (PM)
— Phase Shift Keying (PSK)
Copynght © Dr. Molwmed Hiasa Electrical Enginecring Department, University of Jordan 3
X% When we say Juast (AM) 1 we mean perp-LC. p;-ﬁbelfwoc
= ]
Ytargen
Cosr1ex”
D5B-3C Modulator; Mixer

ator- |

1o lance e ol ;

Modulaor s = Maltiolication Devite = pultiplier:

t 1 K Output
i o0
c(f) = cos(w.t) 0
A

Oscillator :‘..BQ\( oS (e {:-(—ﬂ;

5 i

Cupyright @ Dr. Mohammed Huwa Electrical Engincering Department, University of Jordau 4 {
a/endiEl = () . )
psi2-SC - i
= t) = ‘H Cos 1) |

: Fdigsg;c wlil [Tﬂ l :
v Y]

A&k (D) Const-
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qw {2 raw P rep LiecklEy
W : Y for repfpt (L2)& PWA;c

HW 3 : Selve for m(t) = X coslumt) - ﬂ,ﬁ )
n(t) /\* /*V“"wf | M(o )I7V Bms /bMO{/
AL R / s
TN e * Movidth =272 cad 5.
TN s R
o - ! |C@)|
o L
v TRV idth £ Cé,'—‘l?Hz'
y - 'bpM' 4 2R YxP radk
aq'nqu‘”’ i |
ov X 2 LI \ er side
| : 1| ’ ) polt bl \ bﬁ)
ERERULLE QL‘"‘Z fisey baad (USB).
¥ Lo sc —.22? (Uus is a aﬂsadVMfajc 56@15& it will bc;lrefre)
7%)2665“56 LS & (US) we call |'+ ﬁawb}ﬂ %mﬂ@gﬂuﬁe (DSB} i
* gﬂ ' ’m[:(‘/ ect- Drawing a DSB-SC modulated signal
u e _
Ca[;/ﬂ&’S ® o, D ® .,
eca.v.LSC_ f,f"ﬂ-\ ; .
A/O l:"“‘/"’"l“CS OVI \—\:Yt. :'.“-.: oy V 7 [
. - . 1
ia freg. domoin P b
NWC%{ShUM @ ) AL suo(ole.a e “ijlse SAE‘{){- £)
(gfaoh(a” 7 | ] 11.0- ! | 1/:»} N\¢( ;
[S*&l f wa“i\w wa ‘ N ALLAN !‘ \ ‘ .l
s hagpen

Zaolesiolth oundl i fﬂfmmifl' when pa (¢

7
X SUM Mﬂf £ ’SI‘I#'JHaMa{ M Z"a/mm'm- C}/m/”jﬁs ]
o — VL
o atherwise ox@d.

—ve —+L.

S A Y
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% SKetch  o(8) in t-domuin, f;;fiiﬁf? lution)
¥ M PIA] io fodoin
g F:-D"N’Ml 3 ; MaMAff'ca(
- G\(‘apb‘/lf‘»\\j"- . | : Solution .
e coavolve. .

§
F I - 2 X K Y
= ﬁi@'éﬁlf =7} M) - cos(wab) § = i) Ly

i el
= 2—;- M(«) K C[w) ke ﬁ/:cas(uﬁ)} ff;fé(uﬂi)

= ‘," gaw\d\(b.;/\."j - ¢ IMPM)SC :SUM{‘HM

o o it UK (hsiftef)
. ¥ ‘ & fmpwise
A /R/ " Seale- (bj e Uft'M/hlSE),
~-212 d ne X
& gy - a2
- ‘ i —w"r - : " I._\_
i @ Do NOT Jgfjef (x‘Ur) :

1-§.|M1[7f {ai' ht ])Qj e

B _ oMemorize s
ke /;”fj ’LC g B‘j'l “ jeaf/' M‘E/'Il]/lool/ﬂd-
e
Y- EDSL‘»S( =20 | | B
e -y
iisc |~ Car o il
G gy i)
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Exomple: Josumt  mi) 2ot cos (wnt)  Finod 7T
for DSP-SC- s :El
gjﬁ)- m(t) s c(t) <

= cos(wnt) Cos(wcb)

2
sk s oot

?}@Ma‘ﬁﬂwa'fﬁcﬂg - é,iff_juc
& () -2 [R5 - /jmw cas(%{‘)zt

/E,z_mw! Loty S 2 -

= ¥ Pl & “"lf“z”wc £ sheff

: 0P
Pw) - 2 M(»- ”) + ”‘ (L‘/H\J) Leﬂ{ i Cj
PsB-SC : . S‘\uﬁ ri jH slu‘ﬁ S0 : :
& T Lomedn " | 5505,»@*

5 - L{cos“’o
Prows  Heosort & Heoset %\m \m 7‘;’#‘}:
SO

G ——— =

s« Mow ’Fa{' m(t) coset =glt)
WL d,rn_w a.o(asht?o/ Lines 7Qor MH‘)& —m(t)

e the e itk i

T o 5Casw k.
ot ~5coselt Jm&ﬁ -1%)

G a0 "—phase shiff-
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Ketcl XU K Y(t) in t-domsin
& X AY(ew) in F—g(amain.

2/15/2017

G4)~m () cos(w,t)
x (&) =@(t)- (]
X = £ [ dt)- ()]
=F)ml4) cosat)§

Ne

L‘. i %(Os(zwct)

Rt

DSB-SC Demodulator: Mixer again!

Demodulator
|
Ab)i . Qutput
([ Gt ) 2 o

I 32ut Eﬂ“&)‘

6-('

o(t) = cos(@ct)

L el @ RX shauld be  sam

2 frc% &phase .

e

=K fl—m (B +-Lmi4)
o g}
el

e

Copynght © Dr. Malurmmed Hawa

as clt) @ TX . (perfect

Electrical Engineermg Départnient, Untversity of Jordan 7

/g yn chron iZatss ,,) .

=3 M) o (g ) + LA (012)

@ &B) fq'ecfeo{ %j .LFF..

"—__-_-> }/[w) " ’é‘M(":‘) — 641',\[9)’: & |

. M adu’at{_‘é_{@'

- AM.
. JSEB-SC.

e & VL=
Ve x—Ve ._-_-H/

—ve x+Ve =\

Copyright © Dr. Mohanyned Hawa

®
1)
—e 0 @ @
)
€|
x T x ‘[
e beiaets i s
8 g gL
1X(@)] -2 27
-l =Y
/4 g /4 -
b Hiz-
__/:'E\ - L e Li
Electrical Enguicering qur;m::nl. University of Jordun 8

/Ua}' e’

Lidw. o = FF (L -
Yy N

Sﬂﬂa\ .

= LEF removes Sl‘m},ﬂl(eﬁf’j.(gmoafh} au.?L 'HtE)

4
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@
| X(@)|
r/y\ 7//4;-\
=20 —W¢ 0 ) 20, o
1 X(w) | =>We
@ 25 @ @
P | S
20, —X0e ) 20, @
Copyright © Dr. Molammed Hiwa Electrical Eng, g Dep u of Jord 9
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howe 3 copies.

il

1 X(@)]

The LPF is the missing piece!

®

Chav.

1Y)l

2

. @

Copynight © Dr. Mohammed Hawa

-2z8 0 2xB

ofkhe Slgnar].
s
EMA":'J{#] =)

5:»&»{\.-

Bye =B

Fa./ gau'/\_:f

)('of 36\.{n ':.9 -
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Filter Specifications!

Mixer

14
) x(f) LPF Output
(| Channel Hoy [ gty = vam(t)
Bandwidth = B Hz
Gain=1

o(t) = cos(act)

Copyright © Dr. Mohanured Hmwa Electrical Engineering Department, University of Jordan 11

180° Phase Shift

’\, u'\fmﬂ\ Mo A A ]
SALSAILS b TV 1
t[\/\'/\ ,/\[Ul\ I.f\lf‘g

Y

001 002 003 WT: 005 006 007

°'5ﬁ”g/@%%% O

05 001 002 003 004 005006 0.07 0% 0.09 0.1

(=]

"
-

=]

o

/

r*“‘—"

Copynight © Dr. Mohammied Hmoa Electrical Engineering Department, University of Jordan 12
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%alwaﬁs Tone /[oa{u.la{’fdm Means Hhat mlf)‘=0((.os(uﬂ.t)_
(Meworize it) .

2/15/2017

Example

* Assume we perform DSB-SC modulation for
the baseband signal m(t) = a cos (v, £) [the
case of tone modulation], where 0,>> ®,,:

— Sketch the time-domain modulated signal ¢(t).

- Sketc{l the Fourier transform of the modulated
signal ®(w) [frequency domain]. ,

— Find the b;ndw('lidthcoyf m(t) and gf). <> Fovnd fjm  Fr ey- domerin.

— Find the average power in both m(f) and ¢(f).
= Show the demodulator hardware. > ]eau‘npl ‘Ffdm Time

2 g Sketch x(¢t) and y(t) in the demodulator. domain .
see slide 1) ' :
e S ( Copynight © Dr. Molannned Hmoa Electrical Engineering Department, Untversity of Jordar 13
Selution
m(t) K IM{@)|
! |
a N } M\l ‘ ‘[ i ra T Tn o
ov \li/ | v i [ w0 On P
N/ /|
< NN
drl)lf 180% 180° 180 l 0((.’) l
1 \ \ \ / naf2 naf2 nn/TZ uTaIZ
ov "t ~0¢ 0 e o
e =On @+ Om
Copyright © Dr. Mohammied Hawa Electrical Engineering Department, University of Jordan 14
[
7

e
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- U‘) gk cos (Un't)' e S>> thila

G
4o by

Lottt o1y

0('*\”"
..-o(-ﬂ-——— - e B

CI)[@) = —;l,—M[w—%) - 2‘—-/4[5./-,«-%) -rm(t).
M(W) ':'7"/[”1{&:;2)';7“”[0((&“"{'? ':D(J’J‘[éfwﬁuﬂ) +CSW*“/M)]

e e Londwidth «f

e e s

G = L:J?—}Ar’ = Jem H%

= /—Udi‘ " chu’ﬂ'{'ﬁal.
it M) Jihse boad : it ) Corrior:
f gauo(wm(‘/)( =ty . / )?MJV«[H( =y~
--:ZZ-ZI,I Zl ZZ _l —-z,‘ i j 7
1y

XToae M. 2 (s oMLY care  where  Sumluidll — Lendlemsital.
All other cases t Sondwidth = fundoneatal.
D) L?mol'w"’m“ ,__ﬁ

X ol = ' «P Qﬂf) n‘h'Au_e__
T @ = Dudyy Codlls. T X
'{ ) = 2f, 0% j‘
——
c

- = =

Scanned by CamScanner



'g’f ‘Hrtf. averadC porex "
Jaouwxo( frow\ Fome - Jomain

L [ i di- () = & cos(enty
-

m (t)

/Uov\)’ﬁ’( ;5&) .
g = . j(ﬁ?{ld{- R
=t
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Homework

* 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).

Copynght © Dr. Molutnined Haoa Llectrical Engineering Departmuent, University of Jordan 15

Homework

ni(t)

. t (seconds)
X3 1125 2 DR

m(t)

2
oo 1 [ |
1 1 3 5 t (seconds)
0 3
-0.5 0.5
mt)
2
v 1 2 3 t (seconds)
—_ i}
Copynght © Dr. Mohammed Hawa t Electrical Eugincering Department, University of Jorda 16
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Solution: Part(b)

IM(@) |
2r|aq| ‘21r1m|
2njaal £ L Vg 2xlasl
2x|as| g f\ <R 2x]os|
=30 —x 0 oo 2m0 3o ©

|o(w)}|
2efad]/2 2] /2

g S0 i e

2ol /2 _2nfon | /2

SN R

@c-2mg Y wct20 @

Copynight © Dr. Molsammed Hawa Electrical Enginecring Departnient, University of Jordan 17

nJ
3Mporﬁw‘{ '

lomework

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

X RX
f_—&_\ 5
4 N
m(t) o) x(t) LPF
H(w) — y(#)
Bandwidth = BHz
Gain=1
c(f) = cos(od) c(t) = sin(wt)
" (os(%t ._cw") u of |
Cuptinight I Molwrned Hava Eleetriad Bapyivrenng Department, University of Jordan 18
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How to build a Mixer?

* Variable Gain Amplifier
I — The basic design.
Y ol :
is duill Wsing %llbert Cell (e.g., MC 1496)
3 Srieis fors — Popular (used in Integrated Circuits).
=Y — Uses variable gain differential amplifiers.
Con Flg ure 0[

as 9 0&,%@},-‘2, witching Modulator

~

. — Uses diodes.
omp li 1‘7;3( 5 — Cheaper design (was popular before ICs).

Copyright © Dr. Molurmned Hawea Llectrical Engineering Departnient, Urtiversity of Jordan 19

Yariable Gain Amplifier

m(t) G x m(t)

Fixed Gain

m(t k c(t) x m(t)

Variable Gain
G=kc(t)

Copyright © Dr, Mohammed Hiroa Eiectrical Engincering Depariment, University of Jordan 20
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Copynight © Dr. Molummed Hatoa

Electrical Engineering Department, Unrersity of jordan 2

0 P Afgite el

e forlule

Ans A de 3 ALceieromietia MEMYS
R O

a1 ETES LA

DF VOB LHGDR S SDRAM Koty

03 Lrptces RFT VR RF Ancening Tuow.

Copyright © Dr. Molamued Hawa

Electrical Engineering Department, University of Jordan 2

LTE Modem

(CAT 4 up to 150Mbps)

Hoo[“ld""/ol&'"od"

11

Scanned by CamScanner



2/15/2017

Copyright © Dr. Molwarmined Hiwa Electnical Engineering Department, Unwersily of Jordan 23

SAW  MIX IF-Filter

IF-Amp

1
Q
(71MHZ)
Power Amp Pre Amp
] |
\ Q
TCXO
(13MHz) A, ) veOo1

PLL

Fig. 1. Transceiver block diagram: single-1F superhet receiver, direct up-
conversion transmitter,

Copyright © Dr. Mohammed Hawa Electrical Engincering Department, University of Jordan 24
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Tie 10 PGA

Copyright © Dr. Moharimed Hatoa Electrical Engineering Depariment, Uneversity of Jordan 5

g

(MC1496)
Schematic

Copuight @ D, Moizanmend Hioe

Carrier =
Input +

X2

im

Signal —
topul 4 o %

Bias
cutrent
Samcl.

1 )

V-
v ieetrigul Laiyircring Department, University of [ordan 26
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Y
Differential Amplifier
(Diﬁ‘ercutial Pair)

—
= Llectrical Engineering Departnicnt, University of Jordan 27

Copyright © Dr. Molutntmed Huroa

Gilbert Cell Four Modes

« Gilbert Cell (MC1496) can operate in one of four
possible modes based on balancing and/or
saturating the upper differential amplifiers.

Linear Mode
Balanced Mode m(t) cos(o)
(DSB-SC)
Gilbert
Cell
Modes <
Copynght © Dr. Mohannicd Hata Eicelrical Engineering Department, University of Jordan 28 J
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swifching = MalHiplying by pLE)= 1ef [ rect(B] |

2/15/2017 |
Syyitching Modulator
HMO—» BPF -—kfo(t) ’;
ON/OFF {
@ o,
m(t) g [ opr ke ;
|
p(t) @ o !
\ g D:\" H ricti St e g Copariment, Unrersity of fordan 29 , A é'b’c ) Cjclf'
e) ¢ ¢ —a— /
(’\{“}t ; The Arades will WorK
as a S/c befween a&b:
) —o.FroftroF-0-F+lp=0
/97 Aysn
ng Modulator
(Series-bridge diode modulator)
The bn‘a’jr_ i3 wrco( _mS

A Sl ‘}'Cl/\.-__,

Band-pasa Filter S S -M-C->>Wi(f)__

G.ain-l C.>>
Vet = i, > 1M
U U - f:bq—,f C TS c:sg& L

Al the liodes o in 200 |\ | () ([_Channel ] Ji\h;fs{iohwe

%(WN&Z biaseel -7 - o voltage highe,
(Al Aledes ot 9/l/) X=m{D)s 0 5m(b)305m(E;0-- thant & FreH-
X C’b}-‘: M(’E)' Copwnight © Dr, Mohauimed Hawa ‘_75- Electrical Engnicermg Department. Ustroersity of Jordin 30
states of clivde:
- % ”~ i
—>t7 — .
ﬁ(“’ﬁ\iﬁ( diodt (2eves SE )meeﬁt -
____’%0—"' A/o
s-C. B.C.
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®

1 X}
foal 7|

w RNR

Copyright © Dr. Mohammed Hawa

Electrical Engincering Depariment, University of jordan

Im ()]

i 124
AN L. |
oy I ' ‘ . } i 1 i e e R T— i
' | | Nkl | BxB 0 208 |
ARRREEY -arp_278 Y- 2l |
—_— |
P " L3l 92 JT {
N trlel ’IKMT o 2l :
o EE R AR EL S L
i

bl L. b |
2 |as|
| L
R | =3
x
i | |

2PF

losl ¥ |
Lo 2 |
cen‘f@/ ,—_wr""V;s: =1 AZ

¢ Te

Boadwidtly =23 Hz = 4 ri0 vad/;,

Gain

1X()l
ol rl

LUl

The BPF is not optional!

®

laalr

lealy @ f’
N |«41!

vl 2er 1Y)l
laslr loaly
wk
ov = 0 =X 3 L,q) cos¥e
@c-25B o ¢ 2xB _‘(,B r" M
A ¥ =
2 2
—ed LY/
Copuright © Dr. Mokhanmed Hawa E!crrwm&uguufmng Departincist, University of ordaa 32

k! |
J ‘r

G‘IN‘V\ ~

[ o]

g

—_— = = = — & - - -

|

&)= 2|, [ m(t) f°r[f«£f) yw *ZIoﬁlzm[%) Cosfos t) |

s i ey, eSS CES
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B AE sinc (-———-—

X
2

Y
= O =gyl
_) jc’c
> K, = ?Slﬂf(i
see the fwu
By = il gy slide (?')
' - l
p(\ - _\2_ Smc(-!;-) - _%_ Smﬂ‘/zz -
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DSB-SC Switching Madulator
(Shunt-bridge diode modulator)

Dy Ds T+ %_-f-
m(t) 1) \U| w®) (] Channel |
D: Ds _ % _

——

Band-pass Filter
Gain=1
o~ Bandwidth = 2B Hz
C cos(ayt) Center Frequency =,

Copynght € Dr. Molammed Hatoa Electrical Engineering Department, Unwersity of Jordan 33

=

) M@}
Mg

R _skF}' i HMC '-°ﬁﬂﬂ”ﬂﬂﬂﬂ”ﬂﬂﬂﬂ_ﬂﬂ”ﬂﬂﬂm 2| alal Dol o o 7|l
: _1||a.;| e - gxjea - =
for the Tep | B A

fo o P}mIE sluff =

will h“f’/w |
(n the 7%’?
JAMY\ .
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X)) = oynlh)s o3 m(H) - ..
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©,

The BPF is nat optional!

1X@1

feal 7| — BT
lasly aily /\ sty lasly
t e Naalr ealr

| vio}|

EClectrieal Engincering Department, Unaversity of Jordan 35

Copynght © Dr. Molanuned Hatoa

DSB-SC Syitching Modulator
(Ring modulator)

Dy
_b{

f—e

yzf)

b

ey ¥

q(ﬂ
&

ﬂ(t)

3 ’fm{ ) D,

i) 0 x()

202

m (t)} 1

Band-pass Filter
& Gain=1

+ ~C Bandwidth = 2B Hz

Center Frequency = ax

C cos(w.t)

Electrical Enginecring Department, University of ordan 36
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y(4) = mlt) 5 -rmld) grlt) s -m(t) 5. ..
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124(@)]
Y7 |
3B ¥ Fa¥ ® }
® |
|
| P(w) ] |
Be oy ‘
2o | [ T ,;’lel 2%l l
o dmlaal T T
i . |
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The BPF is not optional!

1X(e)1
| BPF
L lauly lasly
| i
| I
[] Qe Ziae 3o:
(O]
laalr
0 f e \ ©
o-2nB g ¢ 2nB
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Gilbert Cell as Syitching Modulator

« It is recommended to use the Gilbert Cell
(MC1496) in the switching mode, rather than

7&&;# use RE/S

the linear mode. |9 "‘f@efw éff.g 5
Linear Mode .
Balanced Mode w(t) cos(wet)
(DEB-5C) Switching Mode —=> dhis S J
Gilbvlart ax(t) p(t) Hhe (ecomen 0&0[
Cell
Modes oné_ .
Unbalanced Mode we WS .
(r.l\M ~DSB-LO) 7 = ? f‘:’ g}_ move
o -
Copynght © Dr. Molianuned Hutwa Electrical Engineering Departnient, Unversity of Jordan 39
= Ta
D e
Ho UTTATY ) lpaencttoe
MO
CL\\ . {‘ ce
X 0 \WAMW‘CJV RX (il
L Y
m(t) A= (E)cos®et oy 1 m(f)

LPF

cos(w.f) ¥ ~ ) cos(od) | ’ .
i MWQE \"fﬂl"g_

gt.-l.“‘c i“j 50-’

m(t) oy k &) 1) - k m(f)
2]t [w{g) et
pit)y @ o r(t) @ o
CopyMylit © Dr. Mohaimed Hatoa Electfcal Engincering Department, University of Jordan 40
Koy W ATE WU
Dether
as Te A Rx.
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Homework

« If we use a switching demodulator (say a |
series-bridge diode demodulator), answer |
the following:

— What are the specifications of the filter? LPF ~Hh - Lo ’

|
i i i = L5 HE
— What is the value of k in the output Bradhwi dh =15 !
y(t) = km(f) if the input is ¢(f) = m(t) cos (e ) ¢ "Z,rg ¥ |
— What is the value of k in the output e L
y(t) = km(t) if the input is l
o) =2 | oy | m(t) cos (@ ?) !
— Sketch the Fourier transform of the solution. ‘
Copyright © Dr. Molpuned Hawa Electrical Engineering Department, University of Jordan 41
|e@)|
2/2 2/7
-~ 4 /. @ \ «
0c-3xB w0 3nB
| P(a)]
.. S
2r o] ‘ == T 2l 2n o
o lven S0 2{1‘17',. " I ?Ul‘l?!
S e U [N v v
| X()|
= fr/2 oty /¥
laalr/2 2xjon| ¥ /2 lailr/2
laslr/2 i I-dyp/2
Q T 4':'20:\ * ~e 1’1““‘ T /Z‘c\ (}’mg do Ty
1Y)
loaly -,
e ]
1 j i Liripioat Engowenng Ogariveen, Unsivesidi of fordas 42
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C i

Synchromzmg Oscillator at the RX

IX RX Problemn
. ynl®

) % W) O oy |-
Local Oscillator
cos(w,t) cos(wct + A8)
my) % w) ) N o | O —
Local Oscillator
cos{e.f) A ) cos([o + A}t

Copynght © Dr. Mohanimed Huwa Flectrical Engineering Departnicnt, Ustiversity of Jordan a3

Frequemy Error at the Receiyer

o
\té" ()tgfgﬁ & . ejﬂd&ﬂL by ‘L

2 "4
(V) \r)\’ h¥
3 ¥ L
-zmc- An . 0. . 20.+80, g
' .
v 2nB+ Aw
-Dw |
.
L N
N4
Copyright © Dr. Mohammed Huoa Elcctrical Engincering Department, University of Jordae 44

phmreg\ﬁ’eg eriors  Eoyether
i& hboction.

if we howe
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W Phae Evvor:

Find 9 () :
Solution® Tx #lt) = m (1) coslet)

Ry x()= g(t) coslet+AE)
o -M(’fj Cos (wrt) CoS(“{‘f‘A@U

= 2 m(d CGJ(ZU I.LTAHJ ~+ L M[’U cos(06)

i Freg- @ s g Freg Dasses. lF
fededei by LPF

2(y(4) = 5 c3(26) m (Y

%j«»cos(o)ﬂu) = -——M[:f‘)/r P |

'
Mo ettor AG=0

p@=3" == g () = cosmlt =t %\M(’U
AQ =60° ()= ,L C,,[go) wmt) = -\2 ’\'z' 3
g Mo sianal ) .
worst  AdA0" = j@)- cosfav) m(b) = Fevo ( "J’“‘)
cast

b "
X So pkase Evvor \Q’JMH W

x ﬁe;uajy Error:

e for 9! T 414) = mih) -coslect)
So

L(t) cos (Uc-rAw) E=wm(Y costich cos (Wb E

@x R(t)=
os(Bw
% ,_L,.,L{') Cos(2wc+Au)f' + Lot C s( ;ﬁ 2 i+ passes
Chtha e (o= Jieg
!jk JD/E? So (gtd“{ ’B‘Vﬂ?@k L F
1) LPF.

=- *Sa Jefe? exnvor {CIM”-
A o> M. =
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To avoid problems due to
phase and frequency errors

+ Solution #1: Use a PLL (Phase-Locked Loop) at the
RX. A PLL can, by observing ¢(t), recover the
exact frequency and phase of the carrier at the X,

new. and hence use these values at the RX. The PLL is
called a carrier-recovery circuit (complex and !
expensive). The receiver in this case is knownas a
synchronous or coherent receiver.

« Solution #2: Do not generate a carrier at the RX.
Rather, let the TX send an extra copy of the carrier 1

0 IO( (e.g., DSB-LC) to help the RX demodulate o(t). ‘

J The RX is known as asynchronous or incoherent
receiver (cheaper), but the TX is power inefficient.

Copyright © Dr. Mohannned Huwa Electrical Engineering Deparinient, Universiy of jordan 45

Log
¥very mportoat (Mm‘ze) : {P L= p}fwue- loCKeoz P’§

cU(tx”’“" cl Kr‘x

L

/ku{’ be ;jﬂch/on!'?@c( ‘ /_ (PLL)

by wsin Cloc%«f&fove( Il ’ L
J 4 J g[)(«’)

Vs8-8

VAR
= , < DSB-LC
4—}: =L
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Fecture 2 Sameling and
Quantization
Dr. Mohammed Hawa

Electrical Engineering Repartment
Uniyersity of Ierdan

EE421: Communications |

Rigitizatien

Baseband Carrier
A A
. R
Analog Baseband — VS Analog Carrier
. o ~ Any og | & N
Amlog <  Communication Modation Contmunication
Systems Systems
S
oF;
[ |
S
=
Digital J Digital Bt{srbfzrrd . Digital |\ Digital Carrier
Communication |Modation/  Communication
Systems Systems
Copyright © Dr. Mohammed Hiwa Electricdl Engineering Department, University of Jordan 2
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Digital Systems Adyantages

. Immunity to noise (threshold detection; regenerative
repeaters).

» Multiplexing at the baseband level (e.%:., TDM) and :
carrier level (e.g., FDM, CDMA and O DMA). §

« Spread spectrum techniques and orthogonality.

+ Channel coding (i.e., error correcting codes).

+ Source coding techniques (i.e., compression). Also
Encryption.

+ Exchanging SNR for bandwidth.

» Using microprocessors and DSP.

+ Digital signal storage is relatively easy and
inexpensive.

Copyright © Dr. Mohamimed Hawa Electrical Engu g Department, | of jordan 3 |

8 s : oo ity
Rigitization - 2 ° -
Sampling (discrete analog signal). n alwd

. ‘f’ ‘
Quantization (quantized discrete signal) P o C‘l ;Ca’ Somy? li J
Mapping (stream of 1’s and 0’s).

Encoding and Pulse Shaping (digital baseband signal).

e 8 o @

Anal - Digitdd  —=======--= »
bowbood -+ Asp |L280s,| Encoding& | Bowbond i Digital 1} ggr:f
Signal | Pulse Shaping i Signal 'y Modulation Sigm:lr
/ T
. W o
o % Source Chamiel N Line Pulse
i ", | Encoding || Encoding || Encoding Shaping

™. (Optional) ~ (Optional) (Mandatory) (Mandatory)

Sampling (» Quantization @ Mapping

Copyright © Dr. Mohammed Hawa Electrical Engineering Department, University of Jordan 4

0F¥a'on0u\ 4
becasse 11°

compleX & ’
Zut wat 16

wl'ﬂ»j t :

ng}MS
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Analeg Signal

N

m(t)

My ‘~

-

Copyright © Dr. Mohanuned Hiwa

Electrical Engineering Deparfment, Un iversity of Jordm H

Samples

mpl- i

Ideal Sampling

Analog Signal, m(f)

-m,,r- H

Capyriglt © Dr. Mohamnied Hinoa

Electrical Engineering Department, University of Jordam 6

(%) sanplicy Jreg -

Ts 5 Tspab. )

= ZJT

_—_-_-_1
W 2 % .

T. owe all alffffcfewﬂ“-
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Practical Samprling

L1 el S S

—tp

Electrical Enginecring Department, University of Jordan

Copynglit © Dr. Mohammed Hamea

wf)

Samiring JPALL

=B

Ideal ‘
ov :
l l | } H

=f

T, = g

Practical
(PAM)
ov Ll
> T
& Practical ®9
- (PAM)
G/H)
ov = '

Electrical Engincering Department, University of Jordan

Copyriglt © Dr. Mohammied Hawa

%{f%ge Amplitucle Moduledion.
Lp This IS jMSf' a noml {i?l s AJoT //Iop[u/aﬁ'cz‘n)
itis o ‘Ofac/'/(al ,Q'Mplfrp (,‘nclua(cd{ A ﬂ@r’f/?af;‘gﬂ)

S/H E,Qfarv}o/cf Ho]VL' = pracﬁ'ml smp//\fti‘fa,&h mage pulse
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Ideal ﬁamplmg

m(f

Copyright © Dr. Mohammed Hawa |

Electrical Enginecrin ing Department, Ummly of Jordmn 9

Aliasing

IM@)|
b4

228 0 27B

| X(w}]
rT y

/'\/\/\

IM@)] -
z

-ZnB 0 2nB

1 X(w))
b

rM M

rT

:’7[\ rim. yms 7T
[] Oy 204 30, o
L.,

g el =y =20,
Capy right © Dr. Mohammed Hine Electrical Eng
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T,
’

TN = S [T 20, 3 o

b
Copyright © Dr. Mohammed Hawa ,. '_Efcan'cll Engi D L of Jordan 11
e
T
.
Brgw
Natural Samrling
o | M) |
’ 2
ov ] “RFo uB
i
Fat) L] H’h)l
10 hlul/’ x|
" ug/ T hlml’——
%
=
= 1X(m]
7T\'°“' /ﬁv /\'w'/;':'%
ov o
r,|
me 1))
l \ laaly
Y i B0 =8
L/
Electricel Engineering Department, University of Jordm 12
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Practical Samrling: PAM

\

()

|
1ll rlj

=3

vk

N\

)

OV‘L .r',T lv

L

AT = P2

7
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¢

Electrical Engis D
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fw';( I~

width

PAM: Wider Prlses (3/H)

M2}

I

e

TEINTT o cdbies.
Ll 1L A A ARSA A A

2
|Plo}|
i %/\
P * 2x/t 0 =/t ®
T
) '{1"0( fCO(
T .xmLPF -$ 01‘

Copyright © Dr, Mohammed Hinca

®
I #
&1 L

po coples.

Electrical Engincering Department, University of Jordan 14

W
1
M~
e
~—1

Il

e

=N

i)

M
X
Lo
I

»

Scanned by CamScanner




%Soluhm forr Q'S/’o/’fiom in (ﬁmc’fz'mI wlmj; . %

{ 'H’L.
g | #L: Mot onst pulse W@GL&.

(expensive ).

: Rx -
s fgpelidtr €

[izes <
Egqu
. Why we WE achical  sop
%—S 2 gdlwfw;/\ 700( P(
i ll; gl,is{"a()frf’vi }‘WM
)

Time Gxpovsion

Fleg - Complesion. |

Scanned by CamScanner



T e

2/15/2017

Distartien selyed ky Favalizer

H(w)

RX: x(h) —-'—>

LPF ™

PY{w) T’ m(t)

Copyright © Dr. Mohammed Hawa

H(w)

—2nB 0 2nB )

Electrical Enginccring Department, University of Jordan 15

SHMMary

X: m(f) —» LPF » Sampler |- x(t)
H(o)
RX: x(f) LPF > Plw) > m(f)

Copyright © Dr. Mohammed Huwa

Electrical Enginzering Department, University of Jordan 16
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After Sampling!

my

My —

Copyright © Dr. Mohamumed Hawa Electrical Engineering Department, University of Jordan 17

Quantization (L = 3)

Sample Values now Quantized

e | F ¥ Rule =

Truncate

ﬂlp "1 = 7 R ik

I Quantization Error = mit) - mia(f) = [0, A0] \ '

-y

Capyright © Dr. Mohamnied Hawa Electrical Engineering Department, University of Jordan 18
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Quantization (L= 10)
R
/q —

4 Levels,

{1 B . o / [ Rule=

o i T it ot N A 4 X0 Truncate

P S0 O A 0 0 S "M\;;q("{)" B

Copyright © Dr. Mohanuned Hmwa

. L,_q‘[gucfls- ?i%
| o o beseat
Quantizatian (Aerrex.) (otv) Qunt. E17r-
b oV o G |  L=8levels.

57 5 sead 16V
24V F

L=10

| Levels %r,VV 215V

TN | (| Aess
i ‘-’\ oV eqror:
S T
“' % L=33¢

Copyright © Dr. Mohamimied Haoa

Electrical Enginzering Depa , Uniersil

of Jorden 20

 fap L=Yr Need 2-bits b0 cepreseat.
L=g+ 3-biks.
Lf e awhfaﬁan &/TOV‘.* l' st Lf-bIILS
A /(}6156,# : L'—‘-JZ: 5'61"{—5 )
Clwsdity t : :
bits P&rswﬂlﬁf
Eypensive. 4 j

10

( More. Exf)evm'm).
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l N
PoroooL E] L =256 Levels.
C\ﬁu',;h'hffm- é—él"' fer _ramplc :
Quaa.
@%ﬁ fata Rale of onc phone call:

o — - A
; fae lﬁzL SOOO%V;J tFs

e

% (CM stiomn (64KLp) = Lulse Codled Modtlation # Medulation
4 i0s d—fjh’
Base ban
Example(9): CDS of one phone. call
L_':- 6;);,?6 "‘2[6
: ’fé—bi"/’ﬂ"f’a‘ :

&?Qw[g;fi) S mea.suﬂ.'ﬁl Ffav‘w S/VIQ

S@/NR: ,S:fjnal to Gluam fization Abise Patio.

S!jno-d Powen”

Mbise Powex

sr'gmvl Fover”
AQuont . Nsise Cres

QY = [ K=
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_ Quantization ke

HEali

i (] S5 Tar

/ |

/ NN
X &N ] Tt
i T

I :mnﬂ'.*..aﬂms E.rm_";m(if) —ﬁ:(f)-[-Anﬂ, :-u,’t}
B e e e e Bt S \d

N $oves
5 , )
Copyright © Dr. Mohammed Hmwa Electrical Engincering Department, University of jordan - 21

Quantizatien Error

9(t) = ma(t) ~ m.(t)

,,,,,,,,

Copyright © Dr. Mohammed Hinoa Electrical Engineering Department, jni

2
LfT SGwe ?‘”

X X 25
L1 . ame t

ity of Jordan 22

w = Crest faclor or  RaK-to-eMS Rati

e —
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e

m(d)= X Cos(“mb) ©
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MP-:.DQ V’zrfrE, = —e'(jz“' :@ ¢
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P2

e ()7 €
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Uniferm Quantizaticn

Uniform Quantization: Same Quantization Error

N7, .\ RN \\ Jao |
Y RNA NNV Ek IZX,'\Z:

] e S S el NS S S S S PSS e s

Copyright © Dr. Moharumed Hmwa Electrical Engincering Department, University of Jordin 23

Compander

Affected part of the signal is high power

Non-Uniform Quantization: Different Quantization Errors

m(f) ;
T "'\ EEEETVE N \,IA”’
\ ) L=10

~FNEAW [ Lenels
i

-y B B s et CEEL LD SEL D EEbl bbbt il R SO SN SN T SO

Copyright © Dr. Mohammed Hawa Electricul Engineering Department, University of Jordan 24
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Effect is Expansian/ Campression
= )
Copyright © Dr. Mohammed Hiwa Electrical Engincering Department, University of Jordan 25
Campading Imprayement (4B)
°:‘ "1 T B " AT
g -20
o Companding ——
-50 LW
-8010 0 -10 .20 '-30 =40 -50 -60 1-70. ..-80
Linear Signal (dBm@)
Copyriglit © Dr. Mohamnied Hiroa Electrical Engincering Department, Uni of Jordan 26
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Mapping

fo [bps] = f: [samples/s] x logz (L) [bits/sample]

To= Ts/ log: (L) "‘1___'
msq(f)

[P ——— ———————
Ts=loga(L)<To Ts=log:(L)*To
Copyright © Dr. Mohanumed Hawa Electrical Engineering Department, University of Jordan 27

Somree Coding = Lonprespion
. w
0010 1000 .
r's oo11” / 1001 ﬁ”j 16 possible
0100 1010 Color's
0101 1011 Meeol. ,LL b; /T
0110 110000 b 4 »
il sk o
1001 110011
blue blue H”ﬂ = R 1010 110100
olel olal olo] -- - 1011 110101
C 1100 110110
olo 1101 110111
we ke Ol I. e 1110 111000
repeat 16 millign' 111 111001
k]‘ m Copyright © Dr. Mohammed Hinca Electrical Engincering Department, University of Jordan 28

(it témpisels). o [QLE* Rua-l fh £n(aau9-
. HIL Hﬁm 620[//15 . ‘oopul(//éd/lm/{' %@WO{,

16 pixels o -—?Wabm(,
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Cellu fors Uses  Souwcct Coab%\-
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Nl ?WM"
A[ fl(i’tﬁAild‘\ . .

o Audia Campressian
t:ocm:f Esz'w - Ileﬂci:;:elephony (PCM, no compression)

> Memari 7€

« Linear Prediction Coding (LPC) vocoder
- e.g., RPE-LTP (regular pulse excitation, long-term

prediction) LPC codec (GSM cellular phones, Full
Rate): 13 kbps.
« Code-Excited linear Prediction (CELP) vocoder
— Algebraic CELP(ACELP) (GSM cellular phones,
Enhanced Full Rate)
— FS-1016 (United States Department of Defense):

.8

Copyright € Dr. Mohammed Hmoa Electrical Enginecring Department, University of Jordan 29

[
. [ s /
Yiden Compression ==
« MPEG-2: DVD, MPEG ITU-T
Digital TV MPEG-1 H.261
Broadcasting. 4 &
. H.26l: '
Videophone. MPEG 2 H.i63
» H263:Lowbitrate 1y 64/MPEG-4 Part 10 or
Conferencing. AVC (Advanced Video Coding)
» H.264: Almost 7 ¥

everything. H.265/MPEG-H Part 2 or
: HEVC (High Efficiency Video Coding)

& JTU-T: International Telecommunication Union - Telecommunication
' MPEG: Moving Picture Experts Group

PP

Copyright © Dr, Mohammed Hnwa Electrical Engincering Dep , University of Jordan 30
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Channel Cading = Bt ecqor detection
g Colfv oction.

111001010111010001010100 | c
—> 1110010101110100010101001011 % P"’ J

—> 1110010101%10100010101001011
— 111001010111010001010100

c= Bch X 10g2 (1 + SNR)

Copyright © Dr. Mohanimed Hmoa Electrical Enginecring Dep , University of Jordan 31

;4‘:191’5 even
b/ Pa./i/‘j bl"
exions FfC = //roda/yf
could Eyrov
L Covrection -

yw: see Satcllife Receiver ( se fup —» menu).
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