TRANSMISSION CODES
(LINE CODES) (12)
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A/D converter

 Information signal is encoded in a binary format in a A/D converter.

« Common solution is sampling combined with quantization, and then
binary coding of decimal quantization levels.

« Sampling at a proper sampling rate does not result in information loss.

* Quantization does result in irrertrivable information loss
(quantization noise). Information loss due to quantization is mitigated
by increasing the numer of quantization levels.

* Transmission_rate = sampling frequency x codeword_length
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Signal quantization (8 levels)

Quantized signal v(t)/‘i;>V

o f e

4 Analog signal x(t)

3

/

L

/

\l_/

s Quantization levels
e Samples

1

/

N/

s Quantization thresholds

0
000

3
011

1
001

4 5 4
100 101 100 .

wolgnals @ Systems” ©Zdzistaw Papir



DESIRABLE PROPERTIES
OF TRANSMISSION CODES

Line coding (transmission codes) maps the digital data stream
Into electrical symbols which are suitable for transmission
over a baseband physical channel.

Several properties of a transmission code can be deduced
by analyzing its power spectrum.

1. No dc [{@w = 0) =0]; dc component is a waste of transmitter
power.

2. Low level power spectrum closeto =0 as
low frequencies are strongly attenuated due to
capacity properties of transmission lines.

3. Narrow bandwidth

4. Considerable amount of timing content needed for
synchronization between transmitter and receiver.
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Natural digital signal
(unipolar line code)

AX(t)
1 0 1 1 0 0 1 1 1 0 1

T 3T t

Assumptions:
= Bit duration (clock) T
= Signalization rate w; = 2m/T, f- = 1/T [bps]

= Binary signal {0, 1} is a sequence of
Independent random variables distributed as:

10,0), (Lp)}={(01-p)(Lp);
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Spectrum analysis (unipolar code)

Autocorrelation function (time averaged):
<R, (t+7,t)>= p?+ p(l- p)A, (7)

Power spectrum:

S () = F{< R (t+7.1) 5}>= 210°5 () + p{1— p)TSa’ %

<R (t+7,t)> 1S, ()
p p(l" p)T
*
n p2
- | | . . @
| | | o
-T 0 7 T 0 22IT  4xlT  6xlT
Neither property 1...4 is met by the unipolar code. 16
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Bipolar transmission code

tX(t)
1°0 1 1 0 0 1 1 1 0 1

T 3T t

Assumptions:
= Bit duration (clock) T
= Signalization rate w; = 2m/T, f- = 1/T [bps]

= Binary signal {0, 1} is a sequence of
Independent random variables distributed as:

(-10). (+1p)i=1(-11-p)(+1p);
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Spectral analysis (bipolar code)

Autocorrelation function (time averaged):
<R (t+7,t)>=2p-1)°+4pA-p)A,(7)

Power spectrum:

S () = 27(2p—1)25(w) + 4p(L— p)TSa’ %

f<R (t+7,1)> {s (w) -

| | . | —
T 0 T T 0 oxIT  4zlT  67IT

Neither property 1...4 is met by bipolar code, though at p = %24
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Differential precoding
LX)

4L 01 1 00 1 1 1 0 1
1 =t
e p = Pr{1}
07 07
1—p®@®l—p 1-p=Pr{0}
»17, P
7, =n -1-p)+7z_-p
7 =7 -1-p)+7z. -p
r,+x =1

_|_

Differential precoding equalizes
1 probability distribution thereby
2 removing dc component.
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Biphase line code

Remark: power spectrum of a transmission code is
proportional to squared a-f spectrum of a pulse.

2
S (0)=Tsa? 2 ~sa?l 1, (t)e>TSa 2l
2 2 2
1ir1(t)_ r(t)< |R(@)=T o
4 WORK IN
7 _ PROGRES
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Spectrum analysis (biphase code)

t X(t)
1 1 0 1 1 0 0 1 1 1 o0 1
; T | o t
Power spectrum:
sin‘1ﬂ

(e o)

S, (@) == @2p-1* 3 L 5(@—nw)+4pa- )T ——2
7T Nn=—o0o [Q)Tj
4

n=0

1S« (@) 1
Bipolar code

Biphase code  Properties 1, 2, and 4 are met; property 3
(bandwidth is not met).

Bandwidth of a biphase code spectrum is 2x
wider than a bandwith of a bipolar code
[ due to increased timing content.
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Miller’s line code

Biphase

Miller’s code

~ vy

Miller’s line code:
« ‘0’ — full pulses
* ‘1’ - bipulses

 signal level unchanged when 1< 0
* signal level altered when 0 <& 0

Explain the Miller code graph
and solve it for p = .

WORK IN
PROGRES
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Miller’s line code

“X(t)
11 1 0 1 1 0 0 1 1 1 0 1
: : : : : : » Biphase
-1 T 2T t code
1--
: : : : : : : > Miller’s code
1 T 2T t
Power spectrum (8= ol/2):
T
S, (w) = 23-2c0sf—22¢c0s2-12¢c0s35+5c0s4 5 +12c0sh/ +2c0s6/5 —8cos7 3+ 208
(o) 2ﬁzmgcosw)( p p /i p p p p p)
[Sx(@) -
Miller’s code Miller’s code has:
Bipolar code * narrow bandwidth,
Biphase code * N0 dc component,

* low level of low frequencies,
» considerable timing content
so properties 1...4 are met.

——————
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Line code AMI
(Alternate Mark Inversion)

“X%t)

" 000111000000004110

1__T2'T" """" t AMI

vV B v

1
- > HDB-3
T 2T t

17 Y,

B (01-p) Line code AMI:
(01 p) ;@ * ‘0’ - zero level
* 1’ —impulses £1

- alternating level at ‘1’

Explain the graph of the AMI code

and solve it for p = %.
Discuss rules of detection o

of the HDB-3 code.
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Line code AMI
(Alternate Mark Inversion)

Power spectrum:

sin? w—TSaZ 2
S, (@)=4p@— p)AZT 2 2
(@)=4pA-p)A 1+2(2p—1)cosw7 +(2p —1)

1S () p=0,5

-
Miller’s code

Bipolar code
AMI code
Biphase code

Bandwidth of AMI code is almost the same as for a bipolar code with low
frequencies attenuated (properties 1, 2, and 4 are met).

More timing content is inbuilt in the HDB-3 (High Density Bipolar) code
as sequences of 4 zeros (,,0000”) are eliminated while preserving error

resilience.
_ ”\JIUI airo @J/ Oy LT YL/ LIDIAYY 1 apu
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Partial Response Signaling (PRS)

X’(t) 4 .
4410110000001 10111 X(t) —bipolar code
o o . . . PRS , 1 .
. T 2T ¢ duobinarny x(t)=2[x(t)+x(t—T)_
19 PRS duobinary 1 i
T —  modified x(t)=2[x(t)—x(t—2T)_
-1+
Power spectra (p = 0.5):
. w2l ol
PRS PRS duobinary S (w)=Tsin? =—Sa* =
duobinarny SX(G))=T83260T modified X( ) 2
‘Sx(a)) P = 015|
Bipolar and PRS codes use same pulses
\ though PRS bandwidth is twice narrower.
Duobinary PRS code does not contain low

ipolar code frequencies.
PRS duobinarny
AMI, PRS duobinarny modified

Biphase code
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Partial Response Signhaling (PRS)

X°(1) & -
4410110000001 10111 X(t) — bipolar code

L e . . R PRS , 1 )

1 T 2T t duobinarny X(t)=2[X(t)+X(t—T)_

| PRS duobinary 1 _

N T 27 — —  modifiec x(t)=2[x(t)—x(t—2T)_

, 1 1 D ine th
()=S0 T = 2 xO=[50)+ =TI o' inc bR duonmary code

X(t)  [60)+o{t-T)< X'(t):

o lrexp(- joT)

X

S, ()= % S, (w)x[L+exp(- jaT )’

S, (w)=TSa’wT 27
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SUMMARY

* Transmission code is a mapping of a binary signal
Into an electrical signal.

* Desired properties of each transmission code: narrow
bandwidth, no dc component, low level of low frequencies,
and considerable timing content.

* Properties of a transmission code may be assessed by its
spectral analysis.

* Properties of a transmission code may be tuned either
by and impulse shape and/or coding rule.

* Differential precoding eliminates dc component.
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