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Abstract. Low complexity digital signal processing applications can be performed 

using a single sampling rate for the whole implementation. For high complexity 

applications, sometimes it is beneficial to alter the sampling rate used at different 

stages of the system to reduce the required computational complexity and to enable 

the use of low-cost digital signal processing structures. The implementation of a 

digital signal processing application using variable sampling rates is called multirate 

digital signal processing. 
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1. Introduction  

Multirate digital signal processing techniques can improve the flexibility of a 

software radio. For instance, a multimode receiver may share the same ADC and 

sampling rate for multiple receiver implementations. Yet there is an optimal 

sampling rate and resolution for each of these standards. At the receiver, a signal 

is typically digitized at a rate significantly higher than the bandwidth so that the 

anti-aliasing filter specifications can be relaxed, but then the sampling rate is 

immediately reduced to the minimum sampling rate to avoid excessive 

computation. Furthermore, it is desirable that the sample rate be exactly some 

integer multiple of the symbol rate to ensure that the receiver is synchronized to 

the incoming data; otherwise, symbols may be lost or counted twice. For a 

transmitter, the signals are created at the minimum sampling rate to avoid 

excessive computation, but the sampling rate is increased before the DAC to 

relax the specifications of the interpolation filter. 

2. The upsampling and downsampling 

Often in the world of digital communications, we run into the problem of 

having digital data sampled at one rate that we would like to change to another 

rate. Perhaps it was a hardware limitation or some processing requirement that 

forced the data to be sampled at a certain rate, but now you need to operate at a 

different rate. This is where multirate signal processing comes in. Using these 

techniques you can upsample to a higher rate, downsample to a lower rate or a 




