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ASFvNIUANETALNRAN
(Analog Transmission)

Analog transmission is a method of conveying information using a
continuons signal which varies in attribute in proportion to that of a
variable.
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Signal) feazdag fimudgenin dasnsiddeunilasuasdiayaaugiuday ludyanasinas

nnaumsuae Simple Signal S(t)= Asin(27ft + @) asdisznau (Characteristics) Aannsa
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&ns10a (Bit Rate) da F1uiuag Bits dayadiaelédlu 1 wiranai (1 5uni)

dasuan (Baud Rate) Aa uunasdeydnwal (Symbols a Signal Units) ﬁagvls”\‘tu 1
wihanal (1 3uii) Tean uydnwaiusaznulra srusaldinauadiayaladons 1 Gaduly Tu
msdaansinld Baud Rate dudufifiadszangmnwlumsaialaudayassnineanaadan uay
fiasan Bandwidth Asnfulunmsdeduana anuduiussenineduilsiosasd duasdu
nuvaviinsadaydnwal desa’lyd

ANUFNNUS5214319 Bit Rate uaz Baud Rate

Baud Rate = (Bit Rate) / (Number of Bits per Signal Unit) (Bauds)

Bit Rate = (Baud Rate) x (Number of Bits per Signal Unit) (Bits per Second)
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Amplitude Shift Keying (ASK)
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A (t)= AOS_in(Zﬂchﬁ) ,data(t)=0
Asin(24ft+¢) data(t)=1
OOK (t)= 0 ,data(t)=0
Asin(2ft+¢) data(t)=1
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Frequency Shift Keying (FSK)
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BWFSK = (fcl— fco)+ Nbaud
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FIGURE 5.4 Spectrum vosdayanal FSK fiflanudiveadamnaimiz foo uaz fel uazdasisivederya Baud (N,

Phase Shift Keying (PSK)
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FSK way uananniifeanunsaunudasdnealldunnnii 1 dasamiradyana

yadazzay PSK a nsaanuuuiaiasiy/ds uaddwsme vin'ldennnin ASK uay FSK
PSK Characteristics (Constellation Diagram)

amsuandaanauuy PSK lusduuusieg snansausnelaaunuie Constelladon  deuan
funy Phase nasfaudneal andlaeny 1 Symbol = 1 Bit (5an31 Binary PSK éiegl

Y1
0 0
AR

Bits Constellation diagram

[ A=

[ X
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1. Awuedwuzasiia (N) sa 1 feyanwal (2 = Dibit, 3 = Tribit ...)
2. wiowla (Rnviovua 360°) aantflu 2V ahe 1ing Au
3. unuAdudneaiusazuuusiaaI W Laasg
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4. uwsaunsIugdydnwaluaziwd fraas vraunuly Constellation

Tribit | Phase
010
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o o 011 001
001 45
00 0 010 90
01 90 011 135
10 00 ° °
10 180 100 180 100 ¢ 000
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1 210 110 270 101 o
Dibit 11 i) 815
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FIGURE 5.6 Constellation Diagram Y845 Hetudayaaiy PSK 111 Dibit (418) t1a Tribit (V27) aus e
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FIGURE 5.7 mswaudqanavestioya 0110101100 #2635m3 (PSK) Tunsdiil Bit Rate il 2 1999 Baud Rate
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Quadrature Amplitude Modulation (QAM)
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Wlasan N — QAM ruarfissuddtuiuzasassiuAuzas Amplitude (A) uag Phase (P)
AotunsliuTAseasvaad A — P Shift iia N fidawindu gansavinldauanumunsaudunis
Tdouusazdsuian densel 16 — QAM aunsadnlaseasisaas A — P Shift Tduanagiluuudodl

e 3A/12P nudadqyanasunmuinniigs iwsnzdasain P/A g9 (ITU-T)

e 4A/ 8P auwuamnuuanswsenivduanalds amsaanuuuaidnsailearunsavinledn
Wasanusaval A 8 P e 4 suluuy (OSI)

e 2A/8P QAM #ugu

3 amplitudes, 12 phases 4 amplitudes, 8 phases 2 amplitudes, 8 phases
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FIGURE 5.10 Tasea?11 16:QAM fuaneafi 140n 3A/12P 4A/8P 1182 2A/8P amuddi
waueuras QAM wihAu PSK wauvindu ASK (fiagediudns Baud windu) desunis

BWQAM = Nbaud

mvsialiiiuanesiainonis Modulation suuuusnen wazanuduwusssine Bit uag Baud

Modulation Units Bits/Baud Baud rate Bit Rate
ASK, FSK*, 2-PSK Bit 1 N N
4-PSK, 4-QAM Dibit 2 N 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 Uil Frequency Shift tileoua 2 Aud (69914 Baud Rate = Bit Rate)
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Budu
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o Modulation nunaéiy M3&319 Band — Pass fyanaaunaananndayaficnaa

e Demodulation wanafie msidudiayadinaanndugnaiiniums Modulation

Telephone
network

FIGURE 5.12 ugasiiuaou Modulation foyannasuiiumes A Iiidludyanaeuasnds i Telco dsviimaulag

o 3 Y aa A A o v a s o . A4 ga oy v o
ﬂﬂﬂlﬂuﬂl@yﬂﬂ%ﬂﬂﬁ LW@ﬁQWWlJLﬂﬁE]ﬂHEJI‘VﬁﬁW‘V] Uamemeauneuiiumes B 92111m5 Demodulation manAUYdYaAURUY

eI BILGU
mudiadrueuas ITU-T unasgruzas MODEM aguunugiunas V-Series nan@da V.32 14
Msuiinsiguuy Trellis Coded Modulation naida

o  Fydnuwaifiuuna 5 da dsznaudradiaya 4 4 uay Redundant 1 fig (Redundant Bit 14
fsuasanuinasnilulunseassiaiayafanain)

o insiadadnmalsing 32-QAM énaayuiE 2 400 Baud (9 600 bps)

® | . DX 2400 baud
L . 9600 bps 2-wire

e oo o 600 1800 3000

FIGURE 5.13 Constellation Diagram ¥84M3:41547 684 MODEM 31A331U V.32 (418) U8z Spectrum Y8Idaya1aivas

#1Y Modulation (V731)
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V.32bis sansadfuanuhinsdetvitinduvdaanad'ld auaaanwuasdina1alinsidiisia
wuy Trellis Coded Modulation naméa

o  Feydnuaifizuie 7 9e Usznausradiaya 6 46 wag Redundant 1 fia

o unsadudnmaisiie 128-QAM fauanusy 2 400 Baud (14 400 bps)

V.34bis fiarunga 28 800 bps (960-QAM) & 33 600 bps (1664—QAM)
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FIGURE 5.14 Constellation Diagram 4843191547 au84 MODEM 11A5§14 V.32bis (F18) 110z Spectrum Y8Idaya 14 as

N1 Modulation (V731)

V.90 &wmsu MODEM uwuudeifndayafinaaazgnusy (Modulate) fudeyaunanauraan
(\&ew) Naafiuanieas (Switch) Fuanaamaanazuiunszuiunis PCM iwaderiuiaiazing

¥
aod

fanaamedziananariuas Shannon MODEM wildagfimnuisgeaa Litiu 33.6 kbps

uaazi V.90 tiwmafiafiianlunsnaudaana vinliaansadediayasiiaaius 56 kbps ‘6
dofidaulaAdadia adaiasdunilsnasnsdams tisvuudyanafinaa Josusasu-g9
dayauuubiguunns (Asymmetric) 16 nad1@a Upload éiemass 33.6 kbps  (Fnuszuu
PCM) uag Download éiiaanusi 56 kbps (ferulifueiaznainaase Linussuy PCM)

V.92 adnafu V.90 uasansadiuanuiiituns Upload Mauasaninsasusainsdwridau’ls

Jeugrandaofianuigogaiseunas 4 000 Hz  dofudledaulauag
Shannon (laifi Quantization) mmsadoﬁagamnﬁmw@oqm 2x4000=
8 000 Symbols siajunii v3a 8 000 Bauds tfiavain 1 Symbol sznauéiie
diaya 8 Bit dudaiflutiaya 7 Bits uay Redundant 1 Bit doiiu &as115)
aavaayaluszuy Asymmetric fidwvindu 8 000 x 7 = 56 kbps

MSHENS suaNaIaLNRaNn

lasandeana aunaananad Spectrum Busiuan 0 Hz OO doRasaniluduanalsaan
Low—Pass 16 uavuananaiiduana Band—Pass 1nedeyeynaianaagiiaiag (Range) ‘higanadag
fudinate luhidatiagnande aszununislumsnandaanaauaantiia Low—Pass  uay
Band—Pass donan iawdastiiiludayanaauaan uiin Band—Pass Wueflmungan
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NSHANE auunauB IS

T/\ Modulating signal (audio)

A Carrier frequency

nsuaNFyaativauge (Amplitude
Modulation: AM) Aanswaudeueyaiag
AMNuge (Amplitude) wavFeyanauwIny
(Cartier) Lﬂﬁﬂumummawaaﬁmmwm
113815 (Modulating  Signal) Vil 1o
A uasnFuayaNUN Iz AAT

sUduuuaaIdanaima s e
numd'ldau Unatouane Simple  Signal
229 Carrier Gofimnudgoninanuigean
a9 Modulating ~ Signal uazgdduaie
uanddeyea AM 7ArnunsHENLE?

fonednwazuasdoyana AM agdisdie
229 Modulating  Signal \Hunsauuas
dayanan (Envelop) adnuwnn uazau

Bandwidth 2as AM fiaflu 2 winzas deynantinansiiiunuay (lunsdiil Modulaton

Index) fiAwvindu 1 eogul

BW,, = bandwidth of the modulating signal (audio)

BW, = total bandwidth (radio)

f.= frequency of the carrier

Amplitude
A

|||||||HHHHHHH
f

BW

imn

——
Frequency

Y

A

FIGURE 5.15 Spectrum wo3dqyaia: AM Fanaud mmnmwm Bandwidth = BW_ Fronuammny f

Federal Communications Commission (FCC) lészudianvuauasnsaeaduing AM id
Bandwidth was&qyeyan 5 kHz (Aaauaaueutdaswauasuuwel) uaasda1idell Bandwidth

winAu 2 x 5 = 10 kHz sy anusinvsuausasgantiagsaatiuaig 10 kHz viailasduns
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suMuAY Madoidy dyanawivisuasszuring AM  agluie 530 — 1 700 kHz  dorfudn
deyanawvzaasdanfinilefimud 1 000 kHz sanfidinaidavdasfininug 990 uay 1 010 kHz

MsuaNd yanaudeanud

Amplitude
Modulating signal (audio)

/ Time RF Am p

Amplitude ¢

Carrier frequency

/\ (\ (\ (\ (\ /\ /\ /\ {\ (\ | Mixer <« Oscillator
UUUUUUUUUUM Filt:r/IF . FM

Amplitude Am p DE MOD

FM signal

— I AF Amp

FIGURE 5.16 dyanainas dyanamve uazdaana FM (619) uazunuiauaaaniodd udayanaing FM (101)

asuandeyanaudioanud (Frequency Modulation: FM Aamswandeyanalaafianud uav
Aeyanauwme LWasuemuanugerasdayananans (Modulating Signal) viet] Wiemuge uas
wisnasdauanawmefisnasi U7 5.17 uagng Spectrum uasdauanar FM doanansadiasi
Madusuad Jacobi ldindiAlsyana 10 Wihaasdyanatinansitinun Modulate

Amplitude
A BW,, =bandwidth of the modulating signal (audio)
BW, =total bandwidth (radio)

f. =frequency of the carrier

T T >
1 1
' '
1 1
1 1
r 1
1 1
1 1
1 1
1 1
| |
| 1

£, Frequency

c

S5BW S5BW

m m

Y

>l
>

A

BW,= 10 xBW,,

-
<€

Y

FIGURE 5.17 Spectrum voadqyaas FM daweaudaya1ai 1381593 Bandwidth = BW, @3onmdwme £
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FCC 'disvudianviunuasnissonduing FM Wi Bandwidth vasdeueunen 15 kHz (raaUARY
fHulnevaodaofuumealaiu) uazAimualiifi Guard Band aaflay 50 kHz usiazaandidofl
Bandwidth windiu 10 x 15 + 50 = 200 kHz dradrizu fyanauwiveuasssuuing FM ag
Tur9 88 — 108 MHz éin Carrier aanfinile fimnud 106.5 MHz aanfidinoidassdasinnud
106.5 MHz * (atinvtian) 200 kHz 49lun19dlfiia 1éua 106.25 uay 106.75 MHz susidu
uanaaiituineisne FCC éfinsidalag Aivualifigaiiine Bandwidth 200 kHz) éu

ada

ssunafififadu dovinlviszazrinesewineaandiududyu 400 kHz

AMsHANE ey anle

msuanFyanangowa (Phase Modulation: PM) ﬁamswauﬁmmﬂm‘imﬁLw:q"uaoﬁmm1m
wWIng L:Jaﬂumummaomaoﬁmmﬂmmams (Modulating Signal) ¥efl Wemuge uazdayana
yasdeyaamnusliaaed tlasansruviu-gesnunsaaanuuylainanit 39168nsun PM anti
unu FM Tussuunisfassunossuy fmdunszinun1siinss uaznauasdaanafiniiunsuay
uduavszuy PM avadnaadvfusyuy FM

Ui nlia

1. afueaudanmsuazaralunisyin Modulation vaviiayafinaa

2. winfiayafinaafidnssr 1 000 fiasaiund Teeddaydnwal 1 dansaasunalédiig
daya 4 46 Auain Baud Rate

3. @ Bandwidth wasdinareiisiasnismin Modulate diayafiinaaiid Baud Rate
windiu 1 500 6heAd ASK 1aa?t Amplitude gogauazigaindu 8 uaz 4 Tiasimuasu

4. AmuadInawil Bandwidth agTuaae 15 000 &9 30 000 Hz @iau Frequency Diagram
2a9dayanauit Modulate 62838 ASK wagztuuunisaesituiiiuwuy Full Duplex wiaus
Ananadns Baud uaganuuasdeyananuglunis Modulate diayaluisgasindnig

5. Amuadaulazasdinanuazgluuumssoriu wwdendudia 4 ey Frequency Diagram
wagAUdas1 Baud maoﬁmmwmm Modulate 67698 FSK fofinnuuanstouadninud
wmngluisazAdanmavindu 5 000 Hz

6. afunalBauiiaudasuasdaidasyniitens Modulate 6eig ASK wag FSK inwadoud

7. gy Constellation Diagram 2a9n1s Modulate 61838 PSK iflariwualideydnmal 1 67
gunsaadingladatdaya 2 d6 uazanusndssuivdydnealfidwvindu

8. wndasnsavdianadefidnsigy 56 000 Gasalundt Taan1s Modulate 638 QAM dofi
Amplitude uag Phase Aiuananoiu 4 uag 8 suluuuamuaisu Audaunw Baud Rate uag
Bandwidth aassnavniiaanganailu

9. iy Frequency Diagram uagdwmamnanudwivzaasduanaluda 8 d1audsgai
ganavaautvinuléfiAwvindu 100 000 Hz

10. s&quUuadnms Analog Modulation éeds AM FM uay PM unwadeiuil
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