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DIGITAL SIGNAL 
PROCESSING 
Working in the frequency domain 

T hough most of us are comfortable 
working in the time domain, when it 
comes to digital signal processing 

(DSP), much of the work is done in the fre- 
quency domain. There are certain motiva- 
tions for, and constraints associated with, 
performing digital signal processing in the 
frequency domain. I'll discuss these motiva- 
tions and constraints, and review the Fourier 
Transform and its descendants. 

Frequency domain processing 
Like the oscilloscope and the spectrum 

analyzer, digital time domain and frequency 
domain signal processing take two very 
different perspectives of the same phenomena 
(see Figure 1). Time-domain waveforms 
viewed by an oscilloscope and frequency- 
domain spectra viewed through a spectrum 
analyzer are transforms of each other. One 
view doesn't carry any more data about a 
signal than the other. Rather, each provides 
a different way to think about and work 
with the same signal. 

Frequency domain processing of a signal 
has two distinct advantages over processing 
in the time domain: tractability and efficiency. 
Often a problem that's virtually unsolvable 
in the time domain can be deciphered easily 
in the frequency domain. Consider the chal- 
lenge of equipping a RADAR system with real- 
time pattern recognition capabilities. While 
this is a sizable engineering feat in the time- 
domain, it becomes a trivial problem in the 
frequency domain. In the frequency domain, 
a signal from an aircraft or other object of 
interest can be looked at independent of the 
size, orientation, or position of the object! 

For cases that can be solved in either 
domain, working in the frequency domain is 
almost always simpler. For example, you can 
easily determine the frequency response of a 
microphone by sampling its output (using a 
white noise source) every few milliseconds and 
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Figure 1. How the Fourier Transform relates time to fre- 
quency. In the time domain (top), a signal is composed of 
short bursts regularly spaced at one per every four seconds 
(0.25 Hz). When transferred via the Fourier Transform 
from the time domain to the frequency domain (bottom), 
the same signal appears as a response at 0.25 Hz. 

then manipulating the signal in the frequency 
domain. While you could obtain the same 
results working with a digital filter defined 
in the time domain, frequency domain work is 
more straightforward and conceptually clean. 
It is also more efficient computationally. 

Here's an illustration of the potential 
advantages of working in the frequency 
domain. Think about the DSP challenges 
associated with constructing adaptive 
filtersf* and in filtering unwanted noise 

+ ~ & t i v e  I'ilterf are ftllers that cancel or rn tn~rni~e  noise and interference 
by dynarnlcally updating the filter coefficients to adapt to the characteris- 
tic\ of  the intcrlercncc. 
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