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The use of the DFT as an everyday tool is now
commonplace, principally due to advances in
hardware technology. Special-purpose VLSI
chips for signal processing are available . In this
paper, we describe an approach which marries
the Winograd Fourier Transform Algorithm
(WFTA) with a state-of-the-art 16-bit general-
purpose microprocessor for the purpose of DFT
calculation. The heart of the approach is the
real-input 240-point WFTA, which has been
carefully optimized for time and space. In
particular, an implementation for the 10-MHz
M68000 executes in 10.8 ms. A simple hardware
module is described which implements the
optimized software . The use of the module for
the inverse transform and for the complex case
is also discussed. Advantages to the approach
taken in this paper are the low cost/
performance ratio and the general-purpose
nature of the system that allows many non-
signal-processing functions to be performed by
the microprocessor.

1 . introduction
The DFT has become an everyday tool for a broad spectrum
of applications, in large part due to advances in hardware
technology. In signal analysis [11, speech processing [2, 3],
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image processing [4], sonar signal processing [5], seismic
processing [6], and numerous other areas ranging from
mechanical vibration analysis to the analysis of I/O
referencing for computer programs [7], DFT techniques are
being adopted as the costs go down .

The price paid for using the DFT in an everyday
environment has until recently been measured in terms of
thousands of dollars . This level has been achieved in several
pieces of test equipment such as the Nicolet Oscilloscope [8] .
VLSI is currently causing the latest revolution in the use of
the DFT, in that the use of special-purpose digital signal
processing chips is becoming widespread . The most widely
used of these is the Texas Instruments TMS-320 [9], upon
which a fixed-point, real-valued DFT of 256 points can be
computed in 4 .86 ms [10] . (This figure does not include the
double-buffered I/O or windowing that is needed in most
applications .) Because the TMS-320 currently costs $150, a
substantial reduction in systems cost to the end user is easy
to predict .

This paper describes an approach to the calculation of the
DFT which potentially offers many end users even lower
cost than does a special-purpose VLSI implementation . The
ideas here are not profound; the WFTA and the real/
complex symmetry algorithms are well known to DFT
experts ; multi-microprocessor structures are well known to
hardware and systems experts . However, the combination of
using 1) WFTA, 2) a standard general-purpose
microprocessor, 3) a tightly optimized assembler-language
version of the WFTA for a particularly "good" selection of N
and for some useful applications, and 4) algorithmic,
hardware, and software extensions based on using a real
WFTA as a building module is rather unique . In fact, there
are strong advantages to this combination, although at first a
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