3.5. Line Codes and Spectra
Line Code in PCM
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3.5. Line Codes and Spectra
Binary Line Coding

DEFINIATION: Binary 1’s and O’s, such as in PCM signaling, may be
represented in various serial-bit signaling formats called line codes.

There are two major categories: return-to-zero (RZ) and nonreturn-to-
zero (NRZ).

With RZ coding, the waveform returns to a zero-volt level for a portion
(usually on-half) of the bit interval.
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Binary Line Coding

Desirable properties of a line code:

<> Self-synchronization: there is enough time information built in.

<> Low probability of error: receivers can recover the binary data when
the input data signals is corrupted.

<> A spectrum that is suitable for the channel: the signal bandwidth
needs to be sufficiently small compared to the channel bandwidth

<> Transmission bandwidth: this should be as small as possible

<> Error detection capability: this feature is easily implemented by the
addition of channel encoders and decoders.

<> Transparency: every possible sequence of data is faithfully and
transparently received.
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Binary Line Coding

Digital Data —— Line Coder — Physical Waveform
a -

’ s(t)= Y a,f(t-nT)

n=-—0oo

< The input to the line coder is a sequence of values, @, thatis a
function of a data bit or an ADC output bit.

<> The output of the line coder is a waveform S( ) E a f(t nT)

1=—00

Where f(t) is the symbol pulse shape and T, is the duration of one symbol.
For binary signaling, T, = T,, where T, is the time that it takes to send 1 bit.

For multilevel signaling, T, = IT,. {a,} is the amplitude, “A” or “0” for NRZ,
for example.



3.5. Line Codes and Spectra
Types of Line Codes

< Each line code is described by a symbol mapping function a,, and a
pulse shape p(t) through

s(t)= ianf(t—nfg)

n=—OO

<> Categories of line codes:

» Symbol mapping functions (4, ):
Unipolar
Polar
Bipolar

» Pulse shape (p(t) ):
NRZ (Nonreturn-to-zero)
RZ (Return to Zero)
Manchester (split phase)
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Power Spectra for Binary Line Code

<> A digital signal is represented by:

e )

s(t)= Eanf(t—nTS)

where g, is the digital number (e.g. “0” or “1”), and f(t) is the symbol

[
pulse shape (e.g.f(?)= H(F

S

) For unipolar NRZ)

<> PSD can be calculated using the autocorrelation function, and it
depends on:

1.) the pulse shape
2.) statistical properties of data expressed by the autocorrelation
function
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Power Spectra for Binary Line Code

The general expression for the PSD of a digital signal is:

F
p,(f)= ] ER(k) 2

S k=—0c0

Where F(f) is the Fourier transform of the pules shape f(t) and R(k) is the
autocorrelation of the data.

R(k) = Ewn

Where a, and a,,, are the (voltage) levels of the data pulses at the n'" and
(n+k)™ symbol positions, respectively. P; is the probability of having the it
a.a,,.product.
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PSD for Unipolar NRZ signaling
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PSD for Polar NRZ signaling
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Differential Coding

Potential issues is unipolar NRZ, polar NRZ, and Manchester NRZ:
<> The waveform is often unintentionally inverted (happens in a
twisted-pair transmission line channel by switching the two leads)
< Results: 1->0, 0->1
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Differential Coding

The technology called differential coding can be used to ameliorate this
problem.
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Differential Coding

Encoding e = dn @en_l

Input sequence d, 1 1 0 1 0 0
AN A

Encoded sequence e, 1 0 1 1 0 0

Reference digit |

Decoding (with correct channel polarity) § -5 @& y

Receiversequence 10 —»1 1 0 0 0
(Correct polarity) l l l
Decoded sequence 1 1 0 1 0 0

Decoding (with inverted channel polarity)

Receivedsequence 0  ,1—>0 ., 0 1 1 1

(Inverted polarity) l l l
Decoded sequence 1 1 0 1 0 0
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Regenerative Repeaters

When a signal (waveform) is transmitted over a hardwire channel , it
is filtered, attenuated, and corrupted by noise. Consequently, for long
distance, the data cannot be recovered at the receiving end unless
repeaters are utilized.

<> For analog signal (such as PAM), only linear amplifiers with
appropriate filter could be used. = only increase the amplitude, the
in-band distortion (such as random noise) could accumulate.

<> For digital signal (such as PCM), nonlinear processing can be used to
regenerate a “noise-free” digital signal. This type of nonlinear
processing is called a regenerative repeater.
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Regenerative Repeaters
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Regenerative Repeaters

— Ve

Sample and hold —>

(a) Transmitted signal. (b) Received distorted signal (without noise).

(a)

(b)

(¢)

(d)

(c) Received distorted signal (with noise). (d) Regenerated signal (delayed).
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Regenerative Repeaters

< In long-distance digital communication systems, many repeaters may
be used in cascade, and the distance between the repeaters is
governed by the path loss of the transmission medium and the
amount of noise that is added.

<> A repeater is required when the SNR at a point along the channel
becomes lower than the value that is needed to maintain the overall
probability-of-bit-error specification.

< For m repeaters in cascade, the overall probability of bit errors P, is

Pme= mPe

where P, is the probability of bit error for a single repeater
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Bit Synchronization

<> Synchronization signal are clock-type signals that are necessary
within a receiver (or repeater) for detection (or regeneration) of the
data from the corrupted input signal.

<> These clock signals have precise frequency and phase relationship
with respect to the received input signal, and they are delayed
compared to the clock signals at the transmitter.

<> At lease three types of synchronization signals are needed:
> bit sync

» frame sync

» carrier sync
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Bit Synchronization
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Power Spectra for Multilevel Polar NRZ signals

Why do we need multilevel signal?
N
W)= Ywp () 0<t<T,
k=1

w, is the digital number (e.g. “0” and “1”), T, is the time period to send out
a message

For binary signal: N (dimension number) = n (bit number)

For multilevel signal: N (dimension number) = n// (bit number)
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Power Spectra for Multilevel Polar NRZ signals

Binary to multilevel conversion is used to reduce the bandwidth required
by the binary signaling.

<> Multiple bits ( / number of bits) are converted into words
having SYMBOL durations T, = [T, where the Symbol Rate or
the BAUD rate D= 1/T,. = 1/IT,

<> The symbols are converted to a L level (L = 2/) multilevel
signal using an /-bit DAC.

<> Note that now the Baud rate is reduced (D=R//), thus the
bandwidth is also reduced.
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Power Spectra for Multilevel Polar NRZ signals

Bandwidth (minimum) of the waveform representing the digital signal:

g _1p Hz
21, 2
N 1
For binary signal: B=——=—D
21, 2

N 1
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2TL 2L

For multilevel signal: B =
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Power Spectra for Multilevel Polar NRZ signals
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Spectral Efficiency

DEFINATION: The spectral efficiency of a digital signal is given by the
number of bits per second of data that can be supported by each
hertz of bandwidth.

(Bit/s)

Hz
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a:

—g—lo 1+£
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TABLE 34 SPECTRAL EFFXCEENCIES OF LINE CODES

Flest Nall Bandwstith Spectral FMfaciency
Code Trpe M g = KN [ i/ He
Umpolar NRZ R I
Polae NRZ R |
Umpolar RZ R :
Bipolar RS N I
Manchester NRZ R

Muludevel polar NRZ R /




