
Digital Signal 
Processing- Lecture 14 



Topics to be covered: 

O Multirate Digital Signal Processing 
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Decimation System (Down Sampling) 

  M xd[n] x[n] 

M=3 
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xd[n] = x[nM], where M is an integer 

 

Xd(z) =Sn xd[n]z-n 

 

  =(1/M)Sm=0,(M-1) X(z(1/M)e-jm2p/M) 

 

Xd(e
jw) =(1/M)Sm=0,(M-1) X(ej(w-m2p)/M) 

Decimation System (Down Sampling) 
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Decimation System (Down Sampling) 

0 8p 

0 

2p 4p 6p 

M=3 

0 

p 

X(ejw) X(ejw/M) 

X(ej(w-2p)/M) 

X(ej(w-4p)/M) 

Xd(e
jw) =(1/M)Sm=0,(M-1) X(ej(w-m2p)/M) 
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2p 
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Sampling Rate Reduction 
System 

  M yd[n] x[n] 

Low-pass  

filter  

with cutoff  

at p/M 

y[n] 
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Interpolation System (Up Sampling) 

  L xu[n] x[n] 

L=3 
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Interpolation System (Up 
Sampling) 

xu[n] =   x[n/L], n = 0, ±L, ±2L, … 

   0,  otherwise 

 

Xu(z) =Sn xu[n]z-n = X(zL) 

 

Xu(e
jw) = X(ejwL) 
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Interpolation System (Up 
Sampling) 

0 2p/3 4p/3 2p 

L=3 

X(ejwL) X(ejw) 

Xu(e
jw) = X(ejwL) 
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  L 

Sampling Rate Increase 
System 

y[n] x[n] 

Low-pass  

filter  

with cutoff  

at p/L 

xu[n] 
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Decimation and Interpolation 

x[n]   M   M 
y[n] 

M=3 



12 

Decimation and Interpolation 

x[n]   M   M 

Let WM = e-j2p/M 
 

Y(z) = (1/M)Sm=0,(M-1)  X(ze-jm2p/M) 
 

 = (1/M)Sm=0,(M-1)  X(zWM
m) 

 

Y(ejw)= (1/M)Sm=0,(M-1)  X(ej(w-m2p/M)) 

y[n] 
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Decimation and Interpolation 

Y(ejw)= (1/M)Sm=0,(M-1)  X(ej(w-jm2p/M)) 

0 
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4p/3 

2p 

M=3 

0 

X(ejw) 

X(ej(w-2p/M)) 

X(ej(w-4p/M)) 
2p/3 


