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INTRODUCTION

A 
the input data rate is changed in one or more intermediate 

are evaluated at the lowest possible sampling rate, thus 

computation speed, and lowering the power consumption. 
-

cations, image processing, digital audio, and multimedia. 

is a need to preserve the signal properties when connecting 
two systems operating at different sampling rates. Secondly, 

BACKGROUND

during the past three decades for implementation of digital 

MULTIRATE FILTERING TECHNIQUES

-

Multirate Filtering
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E
is considerably reduced. The multirate technique is used 

a strictly linear phase response, but requires a larger number 
of operations per output sample when compared with an 

them very desirable in practice.
-

ing techniques.

Polyphase Realization

-
polyphase structure is 

-

polyphase decomposition is obtained simply by inspection 

-
proaches to polyphase decomposition have been developed 

Multirate Filters for Sampling Rate
Conversion

interpolation to remove imaging. The performance of the 
system for sampling rate conversion is mainly determined 

-

-

In order to avoid aliasing, a low-pass 
before down-sampling is needed. Therefore, a decimator is 

the frequency band above the low-pass cutoff frequency. 
An interpolator is a cascade of an up-sampler and an anti-

.

and a polyphase structure is used to simultaneously achieve 
the interpolation/decimation by a given factor but running 
at a low data rate. 

Due to the polyphase multirate implementation, the 

-

can be achieved by combining the multirate approach and 

 require lower computation rates 
among the known decimators and interpolators (Renfors & 

an IIR transfer function can be designed to approximate a 

decimator or interpolator is particularly useful in applica-
tions that cannot tolerate a considerably large delay of an 

-

There are many applications requiring the sampling rate 
conversion between arbitrary sampling rates. The sampling 
rate alteration by an arbitrary factor can be viewed as the 
computation of the new sample values at arbitrary time 
instants between the existing samples. There are many 
valuable contributions in the literature, which concentrate 
on the various solutions of this important problem (Harris, 

Multirate Filters with Equal Input and 
Output Rates

-
times impossible, to be implemented using conventional 
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