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Modulation of Digital Data

ey
AsLlR U auaNTR asduauar Analog enundIsnUsngTudyaua

Digital (taug1usas)

winWafidaviinis1in Digital to Analog Modulation

1.

fruvavdauaunau Digital nfvagatuatiTutrualnuiien dwavenuiias
ligusagelalnatvindudauaunar Analog Mitdsunainastvindgu

seyeunen Digital fuwaumuddivninsuna lusgusamiuldiusinans
1Tanue gvaravinlvitiadafianaianiyausu’le

seuuMIUFUaIaUalIa Analog &unsaaantuu’léadianin

Audauauan Analog 14Tun1s Modulation ‘Lufivaulauautunuy
sty Befimudgatrinls AguisaaanuuusIaaIMANTVUIALAARY
Toaunwintiu (daindaatdninaluladiuagailnsal)
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Media Characteristics

"ﬂvmmmh%"s,
Media Frequency Typical Typical Repeater

Range Attenuation Delay Spacing

Twisted Pair | 0 —3.5kHz | 0.2 dB/km 50 ps/km 2 km

Cable (TPC) (@ 1kHz)

TPC 0-1MHz 0.7 dB/km 5 ps/km 2 km

(multiple) (@ 1kHz)

Coaxial 0 — 500 MHz 7 dB/km 4 ps/km 1 -9 km

Cable (@ 1MHz)

Optical Fiber | 186 — 370 0.2-0.5 5 ps/km 40 km
THz dB/km
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22 Comm. of Modulated Signal

nalu h‘ﬁ;&

Telephone Network

E J t J Aalaey

sdwuunflguasnis Modulate
Jeuaunauwnne aadaya Digital

Afaulddunin fa n1sdass
WU MODEM 4iggiannann

(MOdulater — DEModulater)
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AsLlR U auaNTR asduauar Analog enundIsnUsngTudyaua

Digital tivatintguaznasnguyany Tusduuuiitinungsu (Au

* (andeyauran Analog 1131 Carrier Signal vaa &aueunauwing

AINAY)

* Jeueunau Carrier Signal daviiaudguninaesinisidasunidavuaviiaya

Attributes of a Carrier Signal

ANNFUNTUIFUUa Analog avAdsznaunaginsatdaule Aa aua (A)

Aanud () wa (¢) ¥iani A uae ¢ (ASK, FSK, PSK way QAM

s(t)= Asin(2ft + ¢)
2 * 4

ANRGL)
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Digital/analog

T 1711, =) modulation | == P\ [\ {\ >
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Q Bit and Baud Definitions
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Tudunaasnsuaudua Tnaziinisnallde Bit uay Baud atjiigua fiany
sinludl e aulviiuiioanuianeiy s3I IFNIVivaaY

e Bit Rate
— FAUIuaaY Bits A9laTuntianuraian (1 un)

e Baud Rate
— FuIuaad Symbols #aa Signal Units M&alaTuntianiirenian
— Symbol usiazniag dsznaudradayasnve 1 dadiull

— Baud Rate flugriiindss&naarnlunisaralaudayassninesiunig
wagdaianig

e 14t Baud Rate Tun1sfiansaun Bandwidth fisnflulunisdodeuaunas
— Baud Rate = (Bit Rate)/(Number of Bits per Signal Unit)
— Bit Rate = (Baud Rate) x (Number of Bits per Signal Unit)
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Analogy

A lvtdNTaunnZu aratdsautinaun1sdad1sAun1sAURY A9il

Baud fAa salaaans
Bit hAGHERE

50 1 AUUTINARIAERTT LaUREaAU
a13a 1 Auussnn'le 1 au sa 1000 Aau ussnnla 1000 au
8130 1 Auussnn'le 4 au sa 1000 Aau ussnnla 4000 au

Funain1sasastivaddu Iuwusa il uvudiaass
AU UUA UL AT 1UIUTD LYY

gr9iiu Bandwidth maomsﬁamsawuaﬂﬂu Baud Rate
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g.':".,; Examples

Example 1

An analog signal carries 4 bits in each signal unit. If 1000 signal units are
sent per second, find the baud rate and the bit rate.

(Ans. 4000 bits/sec 1i5a bps)

Example 2

The bit rate of a signal is 3000. If each signal unit carries 6 bits, what is
the baud rate?

(Ans. 500 baud/sec)
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Amplitude Shift Keying (ASK)

dansulaauanuge (széu) aavdsuaar anufindiaya du sedu A0 wWiaziayaiflu 0
(62 A0 = 0 15an71 On/Off Keying) was svéiu Al Wiadiayaiu 1 il

Amplitude
A
Bit rate: 5 Baud rate: 5
1 bit 1 bit 1 bit 1 bit 1 bit

0 : 1 | 0 : 1 : 0

1 baud E 1 baud E 1 baud E 1 baud E 1 baud

18 J

A
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aanuuuledie (nMsaanuaaslendiu 2 #ila) wae MsAruIuAuUaNLd Lududiau

ASK (t) = -

( 0

OOK (t)=+

Aaida
Tinunmusadyausuniu tiansianalin’leade

(A sin(2Aft +¢) ,data(t)=0
(A sin(2ft +¢) ,data(t)=1

.data(t)=0

(A sin(2Aft+¢) ,data(t)=1

A15Taferu 1u MODEM aasasn (< 1200 Baud/s), sediayadina LED atinedne




Suranaree University

&  ASK Bandwidth (I)

y |
%,
"T"#nﬁi na 'Euh"’;;b

wauaNunaay ASK srusaun'laannsgunis

BW s = 1""% X Npaud

= (1+ d )X Nbaud

Tauiia d 3uni1 Modulating Factor

e @1 d Uaa (Al @1vann A0 daa) — BW way, Tan&&aninaann Noise g9
e @1 d u1n (Al si1varn A0 11n) — BW %19, Tanadiawnaain Noise g
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ASK Bandwidth (Il

T b
ﬂ. a4

- ;.u@’s.b
e duinai

Bandwidth wasn1swandeyanauuy ASK @laanufuasdaenawineg f.
wazans Baud Ny, 4 daudacTuadie fo £ (N, ,4/2) oruaiaw

Amplitude
A

Minimum bandwidth = M, 4

- -

S

< j’“/rl:)aud/2 <f£: + Nbaud/2>
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Examples

Find the minimum bandwidth for an ASK signal transmitting at 2000 bps.
The transmission mode is half-duplex.

Ans 2000 Hz

Given a bandwidth of 5000 Hz for an ASK signal, what are the baud rate
and bit rate?

Ans 5000 bps

Given a bandwidth of 10,000 Hz (1000 to 11,000 Hz), draw the full-duplex
ASK diagram of the system. Find the carriers and the bandwidths iIn
each direction. Assume there is no gap between the bands in the two
directions.

ANns See Next
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Diagrammatic Solution

s81115u Full-Duplex ASK Bandwidth TulgagindnedIuInn
BW = 10000 / 2 = 5000 Hz

[ 4
Q/ Q

siuANudNInEIiatAvnatuaIwauANNA AT
f. (forward) = 1000 + 5000/2 = 3500 Hz
f. (backward)= 11000 — 5000/2 = 8500 Hz

Amplitude
A

f;:(backward) fé:(forward)

1000 3500 6000 8500 11,000

Frequency
>
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Frequency Shift Keying (FSK)

Aan1sd ey aud aasFuanawive anuiindaya tdu aud fc0 Wiadayatiu 0
A fcl adiayatilu 1 dgdl

Amplitude
A
Bit rate: 5 Baud rate: 5
1 bit 1 bit 1 bit 1 bit 1 bit
0 1 1 0 1

Time

1 baud

< ls >-|

1 baud 1 baud
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gun1s A5 Modulation wuu FSK sunsataauleagail

-

FSK (t)=

\

226

NUMUAaFUaUIUTUNIUNINATIE Modulation

Asi

4 .
ASI

V(27F it + ¢
(27t + ¢

=1

\_/

iy ASK
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ata(t) =0
1

data( )=

Wiavannadnsaiaudy

U9 ANuALanIe Nagludgnaintivg 1ae'ligula Noise nseanszazau

2AaLael

wau Bandwidth n319n313% Modulation wuu ASK wladediayaffi Baud Rate tvindfu
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P FSK Bandwidth

@ uﬁ‘?
e guinalul

uauaNunaas FSK  su15011'16310 Was2yd 52113719 aHUAN6NY
AIANMUANIUE UAL AA51L5IUAYAANR

BWFSK = (fcl— ch )+ I\Ibaud

Amplitude BW = /4 = 10+ Myaud

A

Y

A

Mpaud/ 2 Iy — fy Nyaud/ 2 N

-« > | >

Frequency

ah
o
o
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Find the minimum bandwidth for an FSK signal transmitting at 3000 bps.
Transmission is in half-duplex mode, and the carriers are separated by
3000 Hz.

BW = baud rate + (f,; — f)
BW = bit rate + (f, — f,) = 2000 + 3000 = 5000 Hz

Ans 5000 Hz

Find the maximum bit rates for an FSK signal if the bandwidth of the
medium is 12,000 Hz and the difference between the two carriers is 2000
Hz. Transmission is in full-duplex mode.

BW = baud rate + (f.; - f )
Baud rate = BW - (f., - f,, ) = 6000 — 2000 = 4000

Ans 4000 bps
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Phase Shift Keying (PSK)

AanstdRau tWa (snunusauay) aasdyanawine auidadaya tdu tWa ¢0 la
diayatiu 0 wWa ¢0 atiayatilu 1 dogdl

Amplitude
A
Bit rate: 5 Baud rate: 5
1 bit 1 bit 1 bit 1 bit 1 bit
0 1 1 0 1

Time

V'V U\ VUV

1 baud E 1 baud E 1 baud E 1 baud E 1 baud

€ ls 4
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asuaNdauaawuy PSK lusduuusneg sunsausndtaawnues Constellation i
uaneiuy Phase aasdayauanal annalacny 1 Symbol = 1 Bit — Binary PSK

Bit Phase
1 0
< 0 0 ® ©
¢ 1 180
Bits Constellation diagram

v

Aad numusaduIausunIuuInnIl ASK, 1duauaiudiuaunii PSK uay &unsa
unudyanallauinnin 1 dasaniiadauain

fAaLdel aanNLUULATRITU/&I LWaZILATIZY annnI1 ASK uay PSK
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Tun1saanuul 1sa 31AT1ey Modulation PSK fidfunausasialaldl

AruaIuIunadiia (N) aa 1 Juanwal (2 = Dibit, 3 = Tribit, ...)
wivia (A1nvienua 360°) aantilu 2V 2h9 wing Au
WNUAIFuuRN ARz LU AL WELAREI
LEAINITIUAFURNHAURLINE A1801719 UIaunury Constellation

Tribit Phase o
Dibit Phase 0.1 000 0 ®
001 45 011 001
00 0 010 90
011 135
o o 10 e ® 00 100 180 100 ® ® 000
10 180 101 97
11 270 110 270
o 111 315 101 111
Dibit 11 L @)
(2 bits) Constellation diagram Tribits 110

(3 bits) Constellation diagram
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Constellation Diagram (I1)

K2 =
%'r"'rﬁmiiuhwﬁ

sUduauanedIat1Iuay PSK  wfia Dibit desrursaunududnuwallsd 2 e (4
sduuy) ea 1 nihadyaa 49ag'lain Baud Rate = 2 x Bit Rate

Amplitude
A
Bit rate: 10 Baud rate: 5
2 bits 2 bits 2 bits 2 bits 2 bits
01 10 10 11 00 !

T
AT

1 baud

1 baud i 1 baud

s .

1 baud 1 baud

A




PSK Bandwidth
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wauANNAuay PSK fidvinduuauminuiuad ASK agegradns Baud tvindu ua
AdNUse&Nna d = 0 "uda (ue Bit Rate aay PSK azuinniimratvindu ASK Laua)

Amplitude
A

BWPSK — I\Ibaud

Minimum bandwidth = N, 4

Y Y

(f(; - M baud/ 2)

,.l

Frequency
»

Il
N

(fx; - M baud/ 2>
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Find the minimum bandwidth for an FSK signal transmitting at 3000 bps.
Transmission is in half-duplex mode, and the carriers are separated by
3000 Hz.

BW = baud rate + (f,; — f)
BW = bit rate + (f, — f,) = 2000 + 3000 = 5000 Hz

Ans 5000 Hz

Find the maximum bit rates for an FSK signal if the bandwidth of the
medium is 12,000 Hz and the difference between the two carriers is 2000
Hz. Transmission is in full-duplex mode.

BW = baud rate + (f.; - f )
Baud rate = BW - (f., - f,, ) = 6000 — 2000 = 4000

Ans 4000 bps
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e '.i; Quadrature Amplitude Modulation (QAM)

datdauad PSK laua nsaanuwuuadnsain@uisadnnunmanuuanaiuad

WA UIUNIA Nlaanunn

“taualild Modulation #a1a3a5auAU tNaUsE&NEANFIFA"”

diatdauag FSK tiiasanndaulaindaniy Bandwidth $9'lianunsaldsiudu

Modulation 5886

EAmaNzay Aa n15ld ASK Afimnuunane1e X nsdl $udu PSK fifiany
UAAGIY Y 36l sty anuuana1avianuantiulylsiewvindgu x aa y ngel

33815 Modulation wuufiin Quadrature Amplitude Modulation gevin

Tanuuanea19e11319 Symbol fiunnnga — wanuweaesig

8/
Q/ Q/

v nuiinvasFaydnwalAmidull1laIowvindu log, (x x y) {ia
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n15571 PSK Au ASK 6838 QAM  vinlduanasduuy weddifianld éun
QAM il A1uru Amplitude Shift diaanin Phase Shift tilavain Phase
ANUMUMIUGadauUIasUNIUNNINAIY Amplitude

A A
lo11
01 e 00
\\\ //, ‘010
S 001
> L @ @ @
100 000
// \\ .
10 ® ®11 110
111
4-QAM 8-QAM

1 amplitude, 4 phases

2 amplitudes, 4 phases
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Time Domain QAM

@2aeinv TD Plot 8119y 8-QAM uanvnvgl

Amplitude

A

Bit rate: 24

3 bits 3 bits 3 bits
101 | 100 ; 001

A

3 bits
000

Baud rate: 8

3 bits 3 bits 3 bits 3 bits
. 010 , 011 | 110 | 111 |

Y WA

!

>

AmA
vV

Vi

|

|4
y

} U \ i Time

BEELUR [ A

1 baud . 1 baud | 1 baud | 1 baud | 1 baud | 1 baud | 1 baud 1 baud

ls ‘;}
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&5 16-QAM Constellation
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e 3A/12P nusaduanaisuniunnniga inszdanaiu P/A g9 (ITU-T)

e 4A/ 8P I3nuunmuuaneingscnIduanalan nnsaanuuuailnsalle
gunsavin'ladne wasannusiazal A 4 P vy 4 suuuu (OSI)

e 2A/ 8P QAM s55ua"

3 amplitudes, 12 phases 4 amplitudes, 8 phases 2 amplitudes, 8 phases
® ®
® @ ® @ | 1
\\ \\ ff I, @ ‘ { .\ : /.
\\ \ I ,I \\ 1 ,’ - ‘ ,/
A ! ]
o. \.\ \‘ !,o .’ _® '.\ .I ,‘ ‘\ . ,,.
- o \\‘ ’,/ - \\ : ’l \\ : ,/
R W A
SSEl o--0----- Sh - - S IEED GRS - --- < - - - -GEEED
- ’/,-' ‘\\HH""-.. L \\ s "
- PR | N ~ - - | o P 1 ~
o o,/ .o "o e s e
' ! v b s . P b
,’I !.r \\ \\\ . ‘ . . ? \.
= ® = ] ' .
& =
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. QAM Bandwidth
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e guinalul

wauANUALa9 QAM windu PSK wazivindu ASK (Wagediadnsy Baud windu) we
Bit Rate 2ay QAM azuinnINMIaLvindu ASK Laua

BWQAM — I\Ibaud

Amplitude
A

Minimum bandwidth = N, 4

,.l

N
(f(; - Nbaud/ 2) (fx; - Nbaud/ 2>

Y Y
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Baud rate= N Bit rate = N

0 1 0 1 0 0 0 1 0 1 0 1 0 1 0

Baud rate = NV Bit rate = 2N
0 1 0 1 0 0 0 1 0 1 0 1 1 1 0

Baud rate = NV Bit rate =3/N
0 1 0 1 0 0 0 1 0 1 0 1 1 1 0

Quadbit
Baud rate = N Bit rate = 4N

0 1 0 1 0 0 0 1 0 1 0 1 1 1 0

W [ g
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gi",,i Bit and Baud Rates (ll)

Modulation Bits/Baud Baud rate R':‘itt e
ASK, FSK, 2-PSK Bit 1 N N
4-PSK, 4-QAM Dibit 2 2N
8-PSK, 8-QAM Tribit 3 N 3N
16-QAM Quadbit 4 N 4N
32-QAM Pentabit 5 N 5N
64-QAM Hexabit 6 N 6N
128-QAM Septabit 7 N 7N
256-QAM Octabit 8 N 8N

* FSK Tufifild Frequency Shift waowa 2 aanud (§9iiu Baud Rate = Bit Rate)
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Examples

e Avuauwnuie Constellation isznaudla 3a Afiszazrioving fu 8  an
saul9naN a1 Bit Rate tvinfiu 4 800 bps 2911 Baud Rate

Constellation Alandrivuafa 8-PSK
91U 1 Symbol = log, 8 = 3 bits

Ans  Baud Rate windiu 4 800/ 3 = 1600 Baud

e Auau Bit Rate & 11150 1000 Baud Tudayaunan 16-QAM
1 Symbol = log, 16 = 4 bits
Ans  Bit Rate tvinsiu 1 000 x 4 = 4 000 bps

e AU Baud Rate &5y 72 kbps Tu&auauron 64-QAM
1 Symbol = log, 64 = 6 bits
Ans  Baud Rate wvindiu 72 000 / 6 = 12 kBaud
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