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Conversion of a discrete-time sequence to a continuous-time signal 
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Overall system for filtering  

a continuous-time signal  

using a discrete-time filter 
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Continuous-time differentiator 
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7.4.1 Digital differentiator 
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cd : impulse response scaled by 1/T 

Ex. 7.2) 

: scaled unit impulse 
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• Note) Using inverse DTFT, 
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7.4.2 Half-sample delay 
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Determine the impulse response hd[n] of the discrete-time 

filter in the half-sample delay system 
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Ex. 7.3) 

: scaled unit impulse 

: impulse response scaled by 1/T 

• Note) Using inverse DTFT, 
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7.5 SAMPLING OF DISCRETE-TIME SIGNALS 

7.5.1 Impulse-train sampling 
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Exact recovery of  

a discrete-time signal  

from its samples  
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Decimation (sub-sampling, downsampling) 

][][ nNxnx pb  ][][ nNxnxb 







k

kj

b

j

b ekxeX  ][)(







k

kj

p

j

b ekNxeX  ][)(







n

Nnj

p

j

b enxeX /][)( 

)( / Nj

p eX 

)()( / Nj

p

j

b eXeX  

kNn 

Frequency scaling (or normalization) 

7.5.2 Discrete-time decimation and interpolation 
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The relation between sampling and decimation 
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Application example 

Sampled at the Nyquist rate 

Discrete-time LPF 

Band-limited output 

 downsampling or decimation  

     can be applied 
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Interpolation (Upsampling): the reverse of decimation or downsampling 
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