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Pulse Modulation Schemes

« PAM (Pulse Amplitude Modulation) A
 PDM (Pulse Duration Modulation) >

« PPM (Pulse Position Modulation) )

« PCM (Pulse Code Modulation) )

- DM (Delta Modulation)
DPCM (Differential Pulse Code Modulation)

S

Analog Pulse
Modulation

Digital Pulse
Modulation

all these are discrete-time signal processing
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Pulse Modulation

Analog Analog Analog
Information Information Information

Sampling Sampling Sampling

Quantization Quantization

Pulse Pulse Pulse
Modl_JIate Modl_JIate Modl_JIate
PAM M-ary PAM PCM

PDM DM
PPM DPCM

Analog Pulse Modulation
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PAM (Pulse Amplitude Modulation)

[T

Pulse Modulation (2B)

PAM with a flat-top sampling

PAM with a natural sampling
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PDM (Pulse Duration Modulation)
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PPM (Pulse Position Modulation)
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8-ary PAM vs PCM
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DM (Delta Modulation)
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Types of Sampling

impulse sampling

/ natural sampling

flat-top sampling

[Tl
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Impulse Sampling

Impulse train

x,(t) = 3 8(t-nT,)

Shifting property

x(t)o(t—t,) = x(t,)d(t—t,)
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Natural Sampling

Pulse train
%(t) = X c,et - ¢, = -sine(2L)
x,(t) = x(t)x,(t) @& x.(5) = x(f) «[Z0P
= X(t) X e/
= Y e, [x(t)e ] G - f ¢, X(f-nf,)
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Sample and Hold

Sampled Pulse train
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Sampling Theorem

Uniform Sampling Theorem

A band-limited signal having no spectral components above f_Hz

can be determined uniquely
by values sampled at uniform intervals of T_seconds

1 1

TSSZ—fm fs =7 fs

IV

2f
Upper limit of T_ Lower limit of f_

Nyquist Criterion

Nyquist Rate f, = 2f,,
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