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Chapter 4 sampling of
continous-time signals

4.1 periodic sampling
4.2 discrete-time processing of continuous-time signals

4.3 continuous-time processing of discrete-time signal
4.4 digital processing of analog signals

4.5 changing the sampling rate using discrete-time processing

4.1 periodic sampling

x[n]=x.(nT) T : sample

Figure 4.1 ideal continous-time-to-discrete-time(C/D)converter




VS Y O A O

-
-
-
Ed
Ed
S
-
-
-
-
-
-
-
-
-
Ead
-
-
-
-
-
-
= -
-
=
= >

TANA S HCR
FEEIRAN

=27r-7 o 7T 2T

4~ xln]

W

2

AR AL
Hrop o

C/D converter

Conversion from
impulse train
to discrete-time

sequence

Figure 4.2(a)
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Figure 4.9
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EXAMPLE

f. =10Hz(T =0.1s)

reconstruction signal :

sin[z(t—nT)/T]
()= ,,Z_w[] p

x=cos(10*pi*n*T);

1 = y=spline(n,x,t); hold on;

00000000000000006

@ t=ones(11,1)* [0:dt:1];
y=x*sinc((t-n*T)/T);

MATLAB/E
SN 4

x,(t) = cos(10m),0<t <1, f = 5Hz

x[n]=x,(nT) = cos(10zmT) = cos(zm)

stem(n,x);
t=[0:dt:10];

plot(t,y);
n=n"*ones(1,1/dt+1);
plot(t/T,y,'r")
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4.2 discrete-time processing of
continuous-time signals

[ S

| Discrete-time
system

Figure 4.11
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Figure 4.12
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4.3 continuous-time processing of discrete-time signal

h[n). H(eiw)

Figure 4.16
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4.4 digital processing of analog signals

00000000000
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Figure 4.46(b)
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4.5changing the sampling rate using
discrete-time processing

A0

4.5.1 sampling rate reduction by an integer factor
(downsampling,decimation)

4.5.2 increasing the sampling rate by an integer factor
(upsampling,interpolation)

4.5.3 changing the sampling rate by a noninteger fact

4.5.4 application of multirate signal processing
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4.5.1 sampling rate reduction by an integer factor
(downsampling,decimation)

xy[n]=x[nM]

a sampling rate compressor :

*M :
x|[n] xyln] = x[nM]

Sampling Sampling
period T period T'=MT

Figure 4.20
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X, (eja)) :%[X(ejm/Z)+X(ej(w—2n)/z)>]
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Figure 4.21(c)(d)

EXAMPLE

Xy =Lxlern)e ooz o]
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EXAMPLE

Figure 4.22(b)(c)
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Lowpass filter
: Gain =1 — —
x[n] Cutoff = #/M | ¥[n] Xyln] =x[nM]

Sampling Sampling Sampling
period T period T period T'=MT

Figure 4.23
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4.5.2 increasing the sampling rate by an integer factor
(upsampling,interpolation)

x[n/L] n=0xLF2L----
xe[n]=
0 other
o0
or,x,[n] = Zx[k]a[n kL]
k=—00
a sampling rate expander :
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4.5.3 changing the sampling rate by a noninteger factor

Interpolator Decimator

Lowpass filter Lowpass filter
Gain =L Gain=1
Cutoff = w/L Cutoff = #/M | ¥

Sampling
period: T

Lowpass filter

- Gain=L

]’ Cutoff =
min(w/L, w/M)

x|n] Xeln

Sampling
period: T
T L

Figure 4.28
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change 400Hz's signal to 300Hz
L=3M=4
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4.5.4 application of multirate signal processing

Sampling rate reduction by M

Simple
antialiasing
filter

antialiasing
filter
cutoff = wM

Figure 4.43
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(D)subband encode :
N=2
Bitrate:  16piz - f, — 16bit - f5/2 +8bit - f5/2 =12bit - fs

EXAMPLE

(2)encrypt : Dsubbands - Rsegment
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