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Pulse Amplitude Modulation

PAM generation

m(t) Sample-and- Hold
filter

+ s(1)
(1, 0<t<T
=<{ 2, t=0, t=T,
| 0, otherwise

ms(t) = Y  m(nTy)s(t — nT)

n=—oo

s(t) = mg(t) x h(t)

Z m(nTs)h(t —nTy)

n=——oo

Sample-and-Hold filter

Hold
h(t)

—

i o(t —nTy)

n—=——aoo
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Signal representation of PAM signal in time-domain

ms(t) * h(t)

/ " st — 1) dr

= h Z m(nTs)é(T — nTs)h(t — 1) dr

X n=—00

Y m(nTy) /_ B §(t — nTs)h(t — 1) dr

= Z m(nTs)h(t —nT)

Signal representation of PAM signal in frequency-domain

S(f)

Ms(f)H(f)
(fs Z M(f - ka)) H(f) where H(f) = Tsinc(fT) exp(—jnfT)

k=—oc

fo > M(f—kf)H(f)

k=—00
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® Aperture effect

Employing the rectangular pulse results in amplitude distortion as well as a
delay of 7'/2.

» This is referred to as the aperture effect.
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® Equalization to correct the amplitude distortion

PAM signal Reconstruction
s(t) filter

»  Equalizer

Frequency response of ideal equalizer

1 1 7 f

H(f)| ~ Tsinc(fT)  sin(rfT)

_ Message signal

m(t)
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Pulse-Position Modulation

® PDM (Pulse-duration modulation)
Pulse-width or pulse-length modulation

The samples of the message signal are used to vary the duration of individual

pulses.
PDM is wasteful of power
® PPM (pulse-position modulation)

The position of a pulse relative to its unmodulated time of occurrence is varied

in accordance with the message signal

s(ty= Y gt —nT, — kym(nTy))

n=——oo

g(t) =0, [t| > (Ts/2) = kp[m()|max, = Kp|m(t)[max < T2/2
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FIGURE 5.8
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Hlustration of two different forms of pulse-time modulation for the case of a
sinusoidal modulating wave. (@) Modulating wave. (b) Pulse carrier. (¢) PDM wave. (d) PPM

[Ref: Haykin & Moher, Textbook]
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Completing the Transition from Analog to Digital

+ The advantages offered by digital pulse modulation

Performance

= Digital pulse modulation permits the use of regenerative repeaters, when placed along the
transmission path at short enough distances, can practically eliminate the degrading effects
of channel noise and signal distortion.

Ruggedness

= A digital communication system can be designed to withstand the effects of channel noise and
signal distortion

Reliability

= Can be made highly reliable by exploiting powerful error-control coding techniques.
Security

= Can be made highly secure by exploiting powerful encryption algorithms

Efficiency

= [nherently more efficient than analog communication system in the tradeoff between
transmission bandwidth and signal-to-noise ratio

System integration
= To integrate digitized analog signals with digital computer data
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Quantization Process

® Amplitude quantization

The process of transforming the sample amplitude m(nT;) of a baseband
signal m(t) at time ¢ = nT, into a discrete amplitude v(nTs) taken from a

finite set of possible levels.
[k:{mk<m§mk+1}, k=1,2,...,L
Representation level (or Reconstruction level)
-~ The amplitudes v, £ =1,2,3,...,L
Quantum (or step-size)

- The spacing between two adjacent representation levels

v =g(m)
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Continuous Discrete A

Quantizer 4 2
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FIGURE 5.9 Description of a memoryless quantizer.

[Ref: Haykin & Moher, Textbook]
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FIGURE 5.10

Output Output
level level

4 -4

Input
4 level

[nput
4 level

(a) (b)

Two types ol quantization: (@) midtread and (b) midrise.

[Ref: Haykin & Moher, Textbook]
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Pulse-Code Modulation (PCM)

PCM is the most basic form of digital pulse modulation.

In PCM, a message signal is represented by a sequence of coded pulses, which is
accomplished by representing the signal in discrete form in both time and

amplitude.

The basic operations performed in the transmitter of a PCM system
Sampling
Quantization

Encoding
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® Block diagram of the transmitter

Source of
continuous-time
message signal

Low-pass filter

Sampler

® Block diagram of the receiver

Regenerative

v

circuit

Decoder |[—

Quantizer

v

y

Encoder

Reconstruction
filter

PCM

Destination

> data
sequence
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m Operations in the transmitter
Sampling
- The incoming message signal is sampled with a train of rectangular pulses.

- The reduction of the continuously varying message signal to a limited

number of discrete values per second
Nonuniform quantization
- Different step size per each level is used.

- Frequent level of the signal has small step size while infrequent level has

relatively large step size.
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Typical voice signal
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® Nonuniform quantizer

The use of a nonuniform quantizer is equivalent to passing the message signal

through a compressor and then applying the compressed signal to a uniform

quantizer.

Compression law

- p-law Non-uniform quantizer
ln(l + :u‘m’) uniform
|?J’ N ln(l -+ ,u) " | —— quantization - v
- A-law
] 111‘1?1?I|47 0<|m| < %
— ) l+n(Am)) 1
111n2n » A S ‘m‘ S 1
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Normalized output, vl

Two different compressions

In practical system, p = 255 and A = 100 or near those values are often used.
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m  Step size of two different compressors

dm| In(1+ p)
— law : = 1 , A — : =
u— law a0l . (1 + p|m|) law a0

A
(1 In A)jm],

d‘m| _{ 14+1In A
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