COMPUTER AND COMMUNICATION
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(Digital Transmission)

Line coding is the process of arranging symbols that represent binary
data in a particular pattern for transmission.
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aflonufindaya 0 fiadu (TandAatiae) aghitAansidlaunlas dGearagada
anuausalunsvin Self Synchronization ‘6
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These transitions can be used
for synchronization.

FIGURE 4.6 dyapaatnea lugiuuy Polar Faldmahswauuy Retun-to-Zero (RZ)
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Bipolar (flunsaedyanafiinaa Nldsedudaana 2 23 (M9 + uag —) uag Ground tuns
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FIGURE 4.9 dyapmuataea luziuuy Bipolar #914msidhswauy Altermate Mark Inversion
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01011101000....... 11100110111010

mB
division
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010..1 | eee |000..1][110..0
mB to nB
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n bits 1 bits 7 bits
011...111 000..001f es¢ [010..101
Line
coding
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FIGURE 4.10 usufiauanetiunoumsiiamuued Block Coding 152noUA 38 Division Substitution 4182 Line Coding

fhatrvaasnisvin Block Coding léiun 35 4B/5B doasunuiinguiiaya 4 fia (16 sUwuy) én
diaya 5 fia (32 uuuy) Teefdaulahildanunuidradayaiifiia 0 AaduiAu 2 Ga (Self
Synchronization) uananail windayaikledusy Wudiayadeaslunduiibilédiantdunui as
funsaanudaianainls (Error Detection) 6lannse

Data Code Data Code Data (Control) Code
0000 11110 1000 10010 Q (Quiet) 00000
0001 01001 1001 10011 I (Idle) 11111
0010 10100 1010 10110 H (Halt) 00100
0011 10101 1011 10111 J (Start Delimiter) 11000
0100 01010 1100 11010 K (Start Delimiter) 10001
0101 01011 1101 11011 T (End Delimiter) 01101
0110 01110 1110 11100 S (Set) 11001
0111 01111 1111 11101 R (Reset) 00111

* gUEAILAN (Control) aghitHluldenunguassiadaya

A15vi1 Block Coding ‘léun 38 8B/10B adadu 4B/5B walANANNANTalUATATIRTY
dafanainladfinii asannfiinuunassiain lildagaildanunnnin

&% 8B/6T agvinmsununauediia 8 i diaszdudauanagiuau (+, -, 0) 31 6 Bdn
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M s suana

nseIun15¥i Line Coding ua Block Coding ldswiuwilasiayaidiviay (lduiaugiusas)
Midludyanadinaa ad19lsAs dnasirldidy dyananwidla wandas aglusluas
fuanaauiaan dovnndasmisaeriugianisdassnaninas Miaamnu‘luﬁasﬂuuummaa
a"maommmﬂaotﬂuﬁmmmmmaanau mumaummﬂmauuuo‘tunsvmumsuﬁmu,n AT U
Jeyanan (Sampling)

nanamsuaztvauauavinafinnsuladdaanaauiaan Willudicaa unannanudasnisluns
sodyanasvaznelng lugaBuduazdodyanaauiaan e uaaindyana dediaians
aanauludinaduiiasunannmsgafand ooy azdavfissunnenadeaio (Amplifier) el
nadinatdavazvinlidygafianufiauiau (Distortion)  wialaaududiadyaasuniu
(Noise) "l fremaiissuufasnsiuilagiiu feudilgmdiaavinnsaudyaaauiaan wéd

wilasliiludayanadinaa  Aauvinnsae daduasdayanalseanidléaun nsfigfiduiusa
Noise uay Distortion g9 mMsgudaanadsenaudiatunautiace aosa’lail

AsWaENF suanaiadidennuge

AsnaENFyanauNadiiinnuge via Pulse Amplitude Modulation (PAM) Aawmafialuns
wilaodayanaauaan Wiiludayanausaanlisadiadionan (Discrete Time Signal) 1aans
Judyaauauraan Lﬂu”ﬁ?\‘lﬁﬁiuﬂuﬂ']\n‘l/l']‘l Au (Sample and Hold) Avigu'lé (Sample) azan
nniloAdu Delta ifaududaana ar naniu uazazasdn (Hold) Wiflugonandus degd

Amplitude Amplitude

A A
U ||HH

Time Time

a. Analog signal b. PAM signal
FIGURE 4.11 dayay1as Analog (416) i0H11052131M5 Pulse Amplitude Modulation 92 @ ayqy1as PAM (¥71)

AsuaNd eyanaiiadidvsiia

Wasandayanar PAM fludeyanawwuy Discrete Time dofiousiinagbisaifiaodisian us
stdudeygradidulllddefidruuliinde Solimunzdmsuderiulusduunuuasdya o
fanaa dotfu nszununsHRNdaMWadLEsWE via Pulse Code Modulation (PCM) $9in
Asivua (14NIWR) A1 daaasundu Widuduassedudayanaiiduls Usenavdiadunay
dae'ldiun nsdndrsvdudeuana PAM aanifluiig (Range) Sunudu'ld (Quantization) uay
msAmuaAmasugaliduaA luusazngu (Digitization)
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Quantization Aamsuesedudayanaiiiulilldaaniiiuzie dearaasvindu (Linear) 323
windu (Nonlinear) Alé Taaiusazavasfiddifudiununasaodu (Tnazdanifuddonans
22929) Asrduduanaduldannassuiuns PAM azgadatlviliaglutheiifiddlsesinaae
Wb FuAiguldinnign udunuaissduduanaiguldiy draalsziinodonan &
717 4.12 anuuaneeszning Adeyanaiiduls Aualszanae Banin Quantization Error

Digitization ~w%a Binary Coding @anisudavArzasssdudaanaildaniunau
Quantization Wiluaunsuuasiaugiusas auamnmwaosumuz%'fmmmtﬁuvlmmmmumn uay
au m1al#3E 2’s Complement wamsszyfiaedasming aldunudiuiuaulé
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FIGURE 4.12 dayana Pulse Amplitude Modulation #&491nM3%1 Quantization Tasszsudamnaiiiiulald griie
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fatvrasnadnsuasiiunay PCM difluaugiusasuasduana PAM ifisedmily +024
+038 uaz +048 iavinn1sidinswa Line Coding #1838 Unipolar udidesinusinaie’ly
MUNAU LFAIGITUN 4.13

+024 +038 +048
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A

Direction of transfer
FIGURE 4.13 Line Coding #7635 Unipolar 494 Toyay 194 Pulse Code Modulation (PCM) URaIU

dnsnsgudinacing

wanaldnsiensiydes (Fourier Analysis) figardnsinisgudiadie (Sampling Rate) 9
waaiige s mdudayanaid Spectrum ASwAmuARMualdmunarfuas Nyquist (Nyquist
Theorem) #ana1rin PAM/PCM snunsavdinsiadayanaamaantdauysaiuuy'ld (suisad
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Auduanadiuaiulawmiawty Likadiau) Adadia dasiasau (Sampling Rate) fi@ating
fiag 2 Wwih davanudgugauadd oy diatraidu mndyarafianudgega 5 Hz
nflusiaslddnngudlatrsuas PAM atinviiaa 2 x 5 = 10 datnv/Hun

suUumMssonuaa

Uszifiuddydnisensnile aasnsaediayalusluuuddnaa leua suuuulunisassitudaya
(Transmission Modes) s2wi93a (Point — to — Point) deusivaaniflu 2 suuuundn éua
Parallel Mode uag Serial Mode enudnrazuasnsizavarsuradiindiayalunmsse d9agle
naNInaaudaadadl

Mss N IULLILIAUY

lumsassinuuuuauy (Parallel Transmission) fiayafinaa (Binary Data) azggausisiilungu
ARNaYing Au (31udu # bits) deazgnaellamudiduanadiuiu 7 @und @unvag 1 da
wiauq fu auFomnedauanaunian desi 4.14

CThe 8 bits are sent together)
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(We need eight lines.>

FIGURE 4.14 usufisuaaamsdioyalugiium Parallel Transmission

dafiaasmsaetiayalugduuuiida nsdediayalundulinwsang Auvinlianunsadediaya’lésng
AU uidiagdaafa dasamldanalunsiaedaudnindyanadiuunaian

ASRvEULLLAYASY

Tunsaesinunuuaynsu (Serial Transmission) dayafInaaazgnneaaadlianiusinduyanm 1
wWume Baedulilafeas 1 fa Teafioileduds uazsudniugasfisvuuulasdiaya Parallel 1lu
Serial uaznduAu uEFL  FogUi 4.15 dafiuasnisdviiayalusduuuiida Aldsialunns
Fouedaudnindanae uidaldadansdeiayaFaeduliiazfinvinidedaya'lddn f9lalnin
fulugiuuy Seral Transmission fowtivaanilugiuvutiasn 2 suluunléun

Asynchronous Mode lusduuviltiayaazgnutivaaniilungu (unduas 8 fin) udrdiayaaz
gnavaanhifiaznqu Taanluudasnaudl Start Bit uay Stop Bit 1iaszuaaiudu uaslugauas
dayalunguiuauandu Welanafinmsiiussazlunissediayasswinenaule (Time Gap) i

Afie fugil ﬂamﬂaomid\maua‘tuiﬂunnu fa mandszuda winggmsunisdasnsanusisn
wagadnsalmiuau
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The 8 bits are sent
one after another.

0 0
1 )y 1
110 1 1 0 1
0 > 0 Receiver
0 0
0 0
1 We need only 1
0 one line (wire). 0
Parallel/serial Serial/parallel
converter converter
FIGURE 4.15 usufiauaasmsdstoyalugihiun Serial Transmission
Direction of flow
Stop bit Start bit
Data
[1]11111011 0|
Sender Receiver
01101‘0| ‘1|11111011‘0‘ ‘1|00010111‘0| |1|11

Gaps between
data units

FIGURE 4.16 unnfauaamsasdoyalugiiim Serial Transmission 11 Asynchronous Mode datnadoyauaasngu

1l52nPUAIY Start Bit (0) 1Az Stop Bit (1) ﬂiaui’fagaﬁqﬁﬁaaﬂﬁdq
Synchronous Mode lusduuniidiayaazgnavaanliaioas 1 Gadaedull (aabifinsda
utionay) wag'lifi Bit muanvinvihidautionay dofusadluniinfizasalnsaldusuiidas 4a
aaudiayarauun'ld Wigndaswmungay  winanfudasinnsiiuszazlunisae adnsaldude
avdiavde Bit Pattern Minnasdudiusy Iuediaaruy Idle (vzfu 0011 0011) siegil dasiuasnisae
dayalusiuuuiidannusilumsiusediayagornn (aumnusizasdayanaunidnm) usdadas
Aasvuuaasduanann@mifinnuiiiasnsege aanuuLn LaZiTIAIUNS

a
7

Direction of flow

L.
>

Sender 10100011 (11111011)11110110 11110111 00010000 |110 Receiver

FIGURE 4.17 wwifawaaansdadoyalugalnm Serial Transmission lu Synchronous Mode
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=2 Qs

wuuinvia

1. aBnaanuuan19sznine Signal Levels uay Data Levels Tudeygnadinaauinadoiuil

2. windediayadefi 16 szdudayanadiadasisi 64 000 fasaduid Arudawn Pulse Rate

3. lunmsderudyanafinaa duedasiuiidasnisivasduanaunimgeninduseat 0.1%
AnanIausuag dsudayatiuanffinsaiunidininil dayagadouisiadasis 1
Kbps uaz 1 Mbps suaeu

4. @nnam DC Component Tuahnan 4 Bit Intervals zavdiaya 1010 fArinunsvia Line
Coding 6eRd Unipolar

5. gy Timing Diagram aavn1svin Line Coding 62638 NRZ — L uay NRZ — I uaviiaya
1110 0101

6. \digu Timing Diagram waensvin Line Coding 62878 Manchester uag Differential
Manchester aastiayatfendududa 5

7. afwnadafnasnsvin Line Coding 61838 Differential Manchester iisufiu RZ Tuwduas
Bandwidth zasdinaeiidasnis

8. @y Timing Diagram 2a9n15¥in Line Coding diaya 1000 0010 1000 0001 ée3d
Alternate Mark Inversion Tugiuuu B4ZS

9. dauaunsuiinuassiad Block Coding Tusduuu 4B/5B nndayaiedfududa 8

10. édiasnsvin PCM zasdeuanaudaonyadofianuigeaaindu 4 000 Hz draanuasiian

8 fiasiacating (Bits per Sample) A Bit Rate
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