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Decimation & interpolation 
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 •   Downsampling or decimation is the process of reducing the sampling rate by an 

integer factor D 

•  Upsampling or interpolation is the process of increasing the sampling rate by an 

integer factor I 

•   Advantages of Multirate Processing: 

1. The reduction in number of computations 

2. The reduction in memory requirement (or storage) for filter coefficients and 

intermediate results 

3. The reduction in the order of the system 

4. The finite word length effects are reduced 
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UPsampling (or) INTERPOLATION 
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 • Upsampling (or Interpolation) is the process of increasing the samples of 

the discrete time signal 

•  Let, x(n) = Discrete time signal 

•  I = Sampling rate multiplication factor (and I is an integer) 

•  Now, x(n/I) = Upsampled version of x(n) 

•  The device which performs the process of upsampling is called a upsampler 

(or interpolator)  

•  The upsampler can be represented as  
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Example 
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x(n) interpolated by 2 x(n) interpolated by 3 Samples of sequence 
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SPECTRUM OF UPSAMPLER 
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•  Let x(n) be an input signal to the upsampler and y(n) be the output signal 

•  Let x(n/I) be the upsampled version of x(n) by an integer factor I  

y(n) = x(n/I)  

•    By definition of Z-transform, y(n) can be expressed as 
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Spectrum of upsampler 
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Frequency Domain Representation 
of upsampler  

Z-Domain Representation of 
upsampler  
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Anti-IMAGING filter 
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•  The output spectrum of interpolator is compressed version of the input spectrum, 

Therefore, the spectrum of upsampled signal has multiple images in the period of 2𝛑 

•  When upsampled by a factor of I, the output spectrum will have I images in a period of 

2𝛑, with each image bandlimited to 𝛑/I. Since the frequency spectrum in the range 0 to  

𝛑/I are unique, we have to filter the other images 

• Hence the output of upsampler is passed through a lowpass filter with a bandwidth of   

𝛑/I . Since this lowpass filter is designed to avoid multiple images in the output 

spectrum, it is called anti-imaging filter  
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ASSESSMENT 
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1. Define multirate DSP. 

2. The discrete time systems that employ sampling rate conversion while 

processing the discrete time signals are called -------------------- 

3. What is meant by sampling rate conversion. 

4.  List the two ways for sampling rate conversion in the digital domain 

5.  What is meant by downsampling and upsampling? 

6. What are the advantages of multirate Processing? 

7. Define anti-imaging filter. 
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THANK YOU 
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