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The Overview

nsaInIuZiaya (Data Transmission)
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ATRINIUTaYR-1NET sEuIvalnTaldasna aralu Network

grusavin'la 2 38

o gurnmasHIumInaY LUTusiuay feusunan Digital
LANNZRINIUNTRIMIUAINRILLL Low-Pass #iafIna1en

Insutiviludasdeuaurautuy Temporal (Time)

e uwiaviMasLilu deuauren Analog AaugINIUAINRY

LBUNEEINITUNTRINIUAINAILLL Band-Pass
niin1sutiviludasdeyeurauwuy Frequency
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Line Coding (I)

“Line Coding Aansuilaviiaya Binary (iludeueunen Digital”
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Line Coding (Il

Line Coding Characteristics
e Signal Level versus Data Level
e Pulse Rate versus Bit Rate

e DC Components

e Self Synchronization

Line Coding Schemes

e Unipolar, Polar

e Non-return to Zero, Return to Zero,

e Manchester, Differential Manchester, Bipolar, 2B1Q, MLT3
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Digital Signal fauaani Inuruaasan (Levels) Miulillgd14a Taanurvan
analdaniuaadseagvdauara (Ludrdatanizliiiguadayatviniu)

. Ny Amplitude
e LFUAANUIUAAIAIN A

LHuldlgwariuadin

Signal Levels _I I

e LFaAANUIUAAIANTA
LAWILUILRUBLAYRIT  Amplitude

1

|

Time
a. Two signal levels, two data levels

Data Levels A
1 | 0 | 1 : 0 : 0 : 0 ! 0 ! 1 |
Examples _I T |—\ |
e 2 Signal, 2 Data Lev. | | | ; ; i ' a——
e 3 Signal, 2 Data Lev. ’ ’ ’ ’ ’ ’

b. Three signal levels, three data levels
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o Pulse vs. Bit Rate
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Pulse fa 2onflvaasduananlddiniusdediaya 1 dudnwal
Pulse Rate #a {hujuuag Pulse Agusasdaldlu 1 Juni
Bit Aa Mmmﬁﬂﬁamaa?ﬁam eiaunan Binary Digit

Bit Rate #a {F1uruvav Bit Aa 1w sag9léalu 1 5w

61 1 Pulse ussadiaya N Bits ag'lain Bit Rate = Pulse Rate x N
\flagann N Bits aunsaldunussdudaanald L = 2N sgau
ftiu Take Log, Madavdine az'l6in log,L =N

dagléimnuduius Bit Rate = Pulse Rate x log, L
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‘ Example 1 ‘

feuanaundlvllsynaudle Data Levels 2 sedu wagdizionan 1 Pulse windu
1 ms. [9A1UILU Pulse Rate wae Bit Rate uagdyauraundl

Pulse Rate = 1/ 10-3= 1000 pulses/s
Bit Rate = Pulse Rate x log, L = 1000 x log, 2 = 1000 bps

Example 2 ‘ Jeyeunewludia 1 dsenauae Data Levels 2 syoiu

Pulse Rate = 1/ 10-3= 1000 pulses/s
Bit Rate = Pulse Rate x log, L = 1000 x log, 4 = 2000 bps
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Amplitude

DC Components

Amplitude
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Aa avAilsynay
2aIFyu 1w
anuaLilu 0 (a.)

a. A signal with dc component

b. A signal without dc component
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aaNuduadFauaatuIinl (CLK) Aausu/&9livinduasiia Error aasi

> leaaduwnadla i
! * Time gy lugruaay
Pulse Midvaan'ly

Amplitud ]
ptade Sent Self Synchronize
A1 0,1 .1 .0 .0 .0 1.
' ' ' ' | | ' ' Aa n1TdFuFauauau
! ! ! UIWAILUU G TUNE
! ! ! Tunsaintia Error

vfia CLK 1fiavtuu
AUTUILVINN15USY
TYvaselaneaade 62

Time ﬂ\‘)%ﬁ

Received
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& Self Synchronization
‘Example3‘

Tunisdvrudyanafianaa d1iadassuiidyanauriniis,
NIAURY 0.1% 9mrnauiuaglafudayatiuunidasaluii
a0 dayageunludnsisy 1Kbps wag 1Mbps auaau

#i 1 Kbps:
1000 bits sent =» 1001 bits received = 1 extra bps

#i 1 Mbps:

1,000,000 bits sent =» 1,001,000 bits received =» 1000 extra bps

Bonus dmrasiuguiAudaya e anAvnatvuad Pulse 291130
aulfia Error Wale drdiayadsnnludnsisy 1 Kbps?
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Line Coding Schemes

Line Coding wivaanlédiilu 3 S3audnwasuasssdudaana dosialudl

Line
coding

‘ Unipolar |

e Unipolar
e Polar
e Bipoloar

‘ Polar I ‘ Bipolar I

Lt

</ 1 v

217) TundanunATRaNELUY
AIAAIEANAIINUIWA Haliseaui
LANAIAY LHALAUAUIADIEY




Suranaree University

<& Unipolar

Junsdedayanadinaa neranage (Linwun1slidlunisdasgrsiuilagiiu
uanan scuumUANALRANTalingan 1ulf)

Polar wunafivanuilu (+/-) vavsedudeuauran Unipolar 1dsedudeuana
LWeLa e (+ w3a - ) 1ae sgaundsunutad 1 uazdnszauniisunutan 0

Amplitude
A

Aatde 133 Self Synchronization uagdl DC Component (7 1x/72f Fourier??)

Time
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L ) Polar

Polar 1dssaudayaunadadd (+ uag — ) laaniidunuay 1 uazdninuniy
winuLay 0

aragdndagdanuiu 0 Au 1 wing Au muus”mnusmutaaﬂwaoé’mmwm

23R
dA1d11na 0 —» I DC Components 1iae (Waa'lifitag)

‘i'io

nssodeuaauuwuy Polar AfianldAus 4 9% desia'lydl

Polar

NRZ RZ Manchester Pl
Manchester
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Non-Return to Zero (NRZ)

m-f H-

nssvdauaauissduduaandulyld 2 nsdlwiniudasidndy + wiawdlu -
utvaanléilu 2 suuuy leun

e NRZ-L (Level)
feuanaundiuagdu gaug vaedaintdu nanda Ga = 1 agdl
seauLtilu — way fin = 0 agdsyeuiilu +
dailde aAadeliatfaifianu agL&ea Synchronization

e NRZ-I (Invert)
feuanaazildsuthAsaciany 9a = 1 ludiaya
e aieide = 0 Tusna1e fiadu aghitinng
Wasuwdas deanazida Synchronization 16 wsifitanatiag




Suranaree University

of Technology

next bit is 1.

Transition because

C
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o Return to Zero (RZ)
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nsavdeuanauifinisuin davivd atalu Pulse a3y Self-Sync. flasdu
lunsaliianain 0 vra 1 fndu

o

fren1538Adady NRZ-L (+/-) naasedauanaasndu'lusedu 0 7 naredie

Value o
A Aaide
01 :0:0 1+ 11710 finstldau
5 i | | FYAUN YO

2 A% fian1g
weaviaya 1
Time 46

These transitions can be used _
for synchronization. Pulse Rate > Bit Rate
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& Manchester

asudinswawuud Mnisildauudas (Transition) Avnateiie tiavndseasd
1) dwguadaya 0 uag 1 (sUuuu Transition 619AU) uay
2) iy Self Synchronization

Amplitude
PA CZero iS-I_ One is J_ >

Manchester
Time

daf wiiin dnsddsussaudyana 2 ade dansudastiaya 1 die wueld
seAUNaUaNLNeY 2 @1 991Ny Bandwidth wa&e énnwuu RZ
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"‘ﬁ,, Differential Manchester

astiinswauuuil Masid&aunias (Transition) Asaarviiewialdiiilu Self
Synchronization winiiu &uAaasdian gWaNTaU11n Transition NIABUAU
2adiia a1 = 0 Aazidu =1

Amplitude

Differential
Manchester

Time

Presence of transition at the beginning
of bit time means zero.

\ 4 Q/

a6 §1351ay 1 eAusIuwIuNNA @1 Bandwidth Taatadaazanay
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(G Bipolar

Bipolar aahadu RZ 1aaldseaudauauia 3 5261 (+ — uag 0) leaunuau 0
Aaszeu 0 uaztau 1 ane +/— &aunu

Ay 0 MNeaAua1Y BNZS agunu

12 0 6 7 e + 13 — AUwLLE

Amplitude Aung AMI twalvdrsuagrunaunan’le
A

Alternate Mark Inversion (AMI)

(The Is are positive and negative alternately)
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2-Binary 1-Quaternary

%’ﬂt:ﬁ.—n-_h.nh""‘b
2B1Q findsz@ndawzasnisdedauanor 1aalvi 1 Pulse unudita 2 46

Bit Rate = Pulse Rate % log, 4

Amplitude
A

Time
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A Multiline Transmission 3 Levels

s s naule

MLT-3 aanadudansudnsiauuy NRZ-I uald 3 seau (+, — uag 0)

drdiayatilu 0 2¢1dl Transition
ddiayaiilu 1 agfl Transition §98l + — 0 - — wazfiaundy UG

Amplitude
A

uynenue Nstddsundagaziinidunasiin
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Sad Block Coding
Aansudinswaidunauiiia Self-Synchronization way as3a¥u Error

01011101000....... 11100110111010

Steps
o 1.  Division
i mbits _mbits 2.  Substitution

010..1 I eee  |000..10l110..0 |

3. Line Coding

mB to nB
substitution
n bits n bits n bits
r 011..111 |[000...001 | -+ [010...101 |d Common Schemes
1. 4B/5B

T 3. 8B/6T

Y
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(G0 ) Block Coding Steps

e Division

Aanisudvaunsunaviayaaantdungug tau 4B/5B wiiv

fiayaaantdunguay 4 ia
e Substitution
AaNITULNUIHE m damanguiniiauia n e (n

> m) LU

4B/5B unusiid 4 ie (Inauiuana1nu 16 nau) Aanau

Aflauna 5 f6 (Tnauiiuane1adu 32 ngu)
LN ENUNIRIU

e Line Coding
Aansulavdiayaifuduana sinlisAdiafige

TALRANNN




Suranaree University
of Technology

. Substitution

4-bit blocks

5-bit blocks

00000 I

00001 I

01001 I

01010 I

11101 I

Sync. tRansian lufileutaesanu > 3 6unug
Error tRansauida®iu aywusiainliu'ledan » Error

11110 I

11111 I
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Data Code Data Code

19if1 0 vwnineAiu 1 67 13d 0 siavineanu 2 o (= 1fl 0 fiedutiu 3 i)
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t.f-i 4B/5B Control

2

O
“nerguina iuh‘"?

sHamIuANZ Latdula
E Code L
ANNYUDITWRTAYR

Q (Quiet) 00000
s 8B/10B @anaAu

H (Halt) 00100 wetRuAINRINITaly
J (Start Delimiter) 11000 MN3ATIATU ErTor AN
K (Start Delimiter) 10001

. A5UUY LURITUAR UA.
T (End Delimiter) 01101 el 4B/58
S (Set) 11001 (Bonus +2) & 15uns
R (Reset) 00111 vauidsunsuy C/C++
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8B/6T

aanuuuILialsyuda Bandwidth Taauwnunauia 8 4 drusyia 6 6

Why is it Possible?

& 8 daunuamitaa’la 278 = 256 Miau
seyeunau 6 die 9 3 sgau (+, —, 0) unudian’lad 376 = 729 diau

uunenia Line Coding gasin'lsludiumau Substituion

‘ 00011111 \ —>

-1 37 +1 7 0 1 -1 § +1

Appendix D Tuniiv&ausgadni1sgsia@andnai?
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Line Coding

Block Coding

Sampling

— Pulse Amplitude Modulation

— Pulse Code Modulation
— Nyquist Theorem
e Transmission Mode

— Parallel Transmission
— Serial Transmission
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