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Principles of Digital Data Crarren
Transmission (Line Coding)

———

ed by various transmission or line codes Slich

The digital data can be transmitt : -
c. This is called “Line coding”.

ON-OFF, POLAR, BIPOLAR et

5.1 PROPERTIES

(i)/'lfransmissi'on bandwidth should be as small as possible.
™" (ijy’ THe transmitted power of line codes should be as small as possible.

T\(jii)'/lt ust be possible to detect and preferably correct detection occurs.
%ust be possible to extract timing or clock information from the signal.

must be possible to transmit a digital signal correctly regardless of pattemof

1’ sand ‘0’ s.

5.2 TvypEs oF LINE CODING

(i) Non-return to zero(NRZ) and return to zero (RZ) unipolar format.
(i) NRZ and RZ polar formats

(i) Non-Return to bipolar format
(iv) Manchester format
(v) Polar quaternary NRZ format.
Unipolar - ON-OFF
NRZ — Non-Return to zero

RZ — Return to zero

5.3. DESCRIPTION

5.3.1. Unipolar RZ (ON-OFF RZ) Formag : <

(Y ;The waveform has a single ’pblafity'

(i)Y In unipolar Rz form, the wa. eform ha

W

and waveform has ‘A’ valfe G . -
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pri

33.2.

- m(t)=A for 0 <t<T, [ For logic
m(t) = 0 for 0 <t<T,

aciples of Digital Data Transmission (Line Coding)

(iii) In Rz form, the *A’ volts is present for T /2
b~

o . . T
and for remaining 7"

Mathematically,

Symbol-1 transmitted.

Afor0<t<T,/2 (Half)
m(t) =

171

0 for T,/2<t<T, (Rest half)

lTb = Bit duration

Let the bit sequence 110101 1

period if the symbol * 17 is transmitted

w 3 .
ave form returns to zero value.

1 l 0 l 1 I
P
Tb
A
"*TbIZﬂ— . Zero (origin)
Fig.5.1 tine
Unipolar NRZ (On-OFF NRZ)

(i) The waveform has a single polarity.

(i) In unipolar NRz form, the waveform has
transmitted and waveform has
(iii) In NRz form, the ‘A’ volts is present for T,

transmitted.
Mathematically,

[ For logic— 0 symbol]

—1 symbol]

zero value when symbol ‘0’ is

¢A’ volt when €1’ is transmitted.
(Full) period if symbol-1 is

Let the binary sequence 11 01011
1
1 | 0
L —
PR s .=
Fig.5.2

o e

P e
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5.3.2.1. Advantages of NRZ over RZ
(i) There is no separation between the
synchronization to detect unipolar NRz.
(ii) Pulse width is more.

(iii) Energy of pulse is more.

5.3.3. PolarRZ

Digital Communicatiop, Teg

-

ﬂi'q]‘“

pulses, therefore the receive, neg
§

(i) In the polar Rz format, symbol ‘1 > is represented by positive voltage Polarity

whereas symbol ‘0’ is represented by negative voltage polarity.

(i) The pulse transmitted only for half duration.
Mathematically,
For Logic-1: .

+A,OStSTb/2
| 2

m(t)= -

0 ,?"StSTb

For logic -0

—ﬁ,OStsT,,/z
m(t)= .

0 ,—2"-StSTb

Example : 1101011

A2

5.3.4. Polar NRZ

(i) 1InpolarNRz form, symbol ‘]’ jg represented

symbol ‘0’ is represented by

(ii) The pulse duration is Full'to

Scanned by CamScanner
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gital D%smission (Line Coding)

pnips L2 173

' Mathematically,

. A
For logic =1, m(t) = e for0<t<T,

; A
For logic =0, m(t) =—— for 0St<T,

EXﬂmple:' 1101011
1 1 0 1 0 | |
=T
+A/2
-A/2 .
Note : Fig.5.4

(i) The average DC value is minimum
(i) Ifthe probability of the occurance of the <0’ and ‘1’ are same, then the average- W\

DC value is zero.

'

b “93"0‘
53.5. Bipolar NRZ [Awrklnversion (AMD] W "
. \ @W@t

ot

OR [P}eudoternary Signal]
Alternate Mark Inversion (AMI)
presented by pulses with alternate

(i) At is also known as

\(D/In this format, the successive ‘1’s are re
polarity and <0’ s are represented by No pulse (zero)

iy For even number of 1’s , the average DC value 15 Z€r0, because ernate

1’s are is opposite polarity, sO they cancel each other and the Final DC output
sarels Oprm — —

is zero.
M . . . .
(iv) The ambiguities due t0 transmission sl

Example:- 1101011

gitinversion are eliminated.

—_—‘——“—”——T———'
1 0 1 1
1 ] 0
BN B W
+ +
+ <
B S —1
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5.4 PowegR SPECTRAL DENSITY OF LINE CODES

—>  Aline code in general is represented by

8{t)= i;a}g(t-nl's)

where a, = channel coded random data.
~E('c) = symbol pulse shape
“ T, = symbol duration
Power spectral density of a line code is defined as

spg,(f}=——IG(f)l SA(f)

PERRENEE ST
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ples Of[)igitﬂl Data Transmission (Linc Coding) 179

prind
ore G (f) = Fourier Transform (FT) of pulse shape.
S, (= PSD of data sequence a

wh

The PSD of data sequence is defined in terms of autocorrelation function as

= -j2xnfmTg _ 1 > m ! fe
Sa (f) = Z R, (m)e B TS Z S(f'fr:) (By poission expression)

m:—m m==-wm
]ze—jzﬂfblﬂ

i

3| —

Fourier series expansion of Zé(t—me) =(

So taking fourier transform both sides
1 -j mt
F[Zﬁ(t—m'rb)] = F[i:+2e j2nfy :‘
-F[S(t)] =1

= F[S('t - a)] =i
& F[e—xznfo)t ] =5(f - f) here, fo =mf

Ty _ ) »m | _
- Ze j2nf l.)'—'—]‘: [S(f T 1 {f,= I/T,}

{8(f)= 218 ()

. ! 1 i 2mm
-jaefmTy _ (omjomT ) = — x| 273 w———‘}
= Ze b (e . ) Tb i ( Tb :|

where R,(m) =auto correlation function.

= i (3pam+n )i P;

where P, = Probability of occurance of 2
Procedure for PSD Calculation:

Step -1. (a) Find out autocorrelation function for
R(0)=Z(aqa, )P

(b) Find out correlation function for m #

particular symbol.

m = 0 (no time shift) for data sequence

o data sequence. .

R‘ (m) = i(anamm )Pl
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Digital (Jommunicalion’i%},m,

Step -2. Find out PSD of the data sequence.

S;, \;) = i R: (m)e_-':“ﬁ“.rs

m=—x

Step -3. Find out power spectral density (PSD) of the line code.

1 2
Seea (1) =[G (F) 8 (F)
s
Step -4. Find out average power of the line code

P, = Tic. _LTO [52 (‘):\ dt where T, = Period.

Step - 5. Find out normalized PSD of the line code

Spa(f)=

Psd of theline code
average power of the linecode

[If it is asked that (i) simply find psd
proceed upto step -5]
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