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Delta Modulation

oversampled (much higher than the Nyquist rate)
increased correlation

a simple quantization scheme possible

a staircase approximation

only two quantization levels +A,—A

assume that the input signal does not change rapidly



The Principle of DM

m(t) : the input signal
mg(t) : its staircase approximation
Ts: the sampling period

m(,((n—l)T})
|_| '_l e(nT,) l eq(nTs)
U # m(nT,)

m,(nT,)
(n—1)T, nT,

e(nTs) : an error signal

m(nTs) : the current sample value
mg((n—1)Ts) : the latest approximation
eq(nTs) : an qunantized error signal
sgn() : the signum function



Delta Modulation Equations

Delta Modulation Principle

@ e(nTs)=m(nTs)—mg((n—1)Ts)
o eq(nTs) = Asgnle(nTs)]
® mq(nTs) = mq((n—1)Ts)+ eq(nTs)




Sample-and-Hold Filter

Flat-top PAM Pulses

s(t)= ¥ m(nTs)h(t —nTs)

n=-—oo

s(t)=mg(t)xh(1)

| \

The rectangular Signal
1
h(t) = rect(#) 0.5
0

(0<t<T)
(t=0,T)
(otherwise)

\

Idealy Sampled Signal

ms (1) = nimm(nTs)S(t— nTs)




Flat-top PAM Pulses

Flat-top PAM Pulses

()= ¥ m(nT.)h(t—nTy)

n——oo

s(t) = mg(t)xh(1)

s(t) = mgs(t)*h(t) =f:° ms(T)h(t —1)dT

= [nzfmm(nTs)S(r—nTs)] h(t —7)dt
(nT) {7 [8(x—nTo)] (s —7)dc |
(nTL)h(t —nTy)
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Fourier Transform of PAM Pulses

Fourier Transform of a Sampled Signal

gs(t)= Go(f) = L G(f —m)

Y g(nT)8(t—nT) S ¥ g(nTs)exp(—j2mnTsf)

n——oo nN=—oo

Fourier Transform of Flat-top PAM Pulses
s(t) = mg(t)x h(1)

S(F) = Ms(F)H(F) = |f T M(f — k)| H(f)

—=—00
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