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Design and Simulation of Eight Point FFT Using VHDL and MATLAB
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Abstract: The FFT are widely used in various
areas such as telecommunications (radio
communications links and telephone networks),
speech and image processing, medical electronic
and voice signal processing and data
acquisition[1].This paper concentrates on
developing Fast Fourier Transform (FFT). Based
on Decimation-In- Frequency (DIF) Radix-2
algorithm and 8-points computation, this paper
used VHDL as a design entry [6]. This paper
gives a better idea to implement FFT algorithm
using VHDL for behavior modeling and
compare result with Mat lab.
1. Introduction: In last few years many
researchers have attempted to develop FFT
processor to calculate N point FFT. Almost all
the researchers have adopted structural method
to implement FFT algorithm [3]. Problem in
structural implementation of FFT was, it
requires designing more number of components,
although it is easier to design the basic
components such as adders sub tractors to
perform addition and subtraction operation, shift
register of different bit length to store the result
at different stages, multiplier to multiply twiddle
factor which is a complex number but due to
large no of components complexity of the circuit
was increased. Now another problem in
structural implementation of FFT was to
interconnect all the components to produce the
correct output to calculate N point FFT.
2. Structural Implementation In structural
implementation of FFT, the single butterfly
computation is implemented in the data path unit.
A control unit controlling the data path and
determine the stage of operations. The control
unit coordinates the appropriate pairs of inputs
into the butterfly computation and the output

pairs is store in the memory. Each pair of
random input bits will undergo multiples of
butterfly computation in stage 1. Assume the
input string bits are x0, x1, x2, x3, x4, x5, x6,
and x7 respectively[3].
Stage 1 computation will pairs up
input bits to x(0) - x(4), x(2) - x(6), x(1) - x(5)
and x (3) - x (7). Stage 1 computation will store
its result in certain memory location; assume
memory A. At stage 2, the result in memory A is
feed into butterfly computation in pairs. The
control unit acts as a selector to select the correct
input for the butterfly input for the butterfly
computation in every stage. The output from
Stage 2 is stored in the same memory location.
For 8-point FFT, the process ends at Stage 3.
The final output is the computed Fast Fourier
Transform [5].
Stage 1

Stage 2

Stage 3

Memory
Memory
Location A Location A

Fig.1 Structural Implementation of FFT
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3. Direct Mathematical Method of 8-point
FFT:
In direct mathematical approach, the
final output is derived from the input
mathematically. The explanation is based on
three stages in the 8-points FFT with assumption
that only real binary bits as an input. Stage 1
deals with raw input samples directly, with each
of these samples contain a string of 16-bits input.
In the Figure 1. It is shown that there are 3
stages in an 8-point FFT. Stage1 accepts the
input data directly. The Figure 2 shows the
computation of Stage 1.So, at the input of first
stage, there are 8 points x 16 bits = 128 bits.

Fig. 3 Computation of Stage 2
The outputs of the Stage 2 will be an input of
Stage 3. At Stage 3, the butterfly computations
are repeated. The computations are increased.

Fig. 2 Computation of Stage 1
It is shown the even samples and odd samples
are processed separately. The outputs of Stage 1
are feed as the inputs of the Stage 2. Stage 2
computation take place and this process repeats
at the final stage, Stage 3.The output of Stage 1
will be as an input of Stage 2. The complexity of
the output equations increases as the stage
number increases because twiddle factor
computations are involved. The twiddle factor
includes multiplication and additions operations.
Figure 3 shows the stage 2 computation. The
even inputs are grouped together and summed
up in pairs. The other inputs are multiplied with
their respective twiddle factor. Each of these
inputs will undergo butterfly operation. Some of
the output will have to multiply again with the
twiddle factor.

Fig. 4 Computation of Stage 3
8 Point FFT:

Below is the table for 8 point of FFT for twiddle
factor[4].
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Table 1: Twiddle Factor value for FFT

The final equations have been optimized for an
efficient implementation. The twiddle factors
are represented by 16 bit binary number. Final
equations for an 8-point FFT processor:
X (0) = x (0) + x (4) + x (2) + x (6) + x (1) + x
(5) + x (3) + x (7)
X (1) = x (0) – x (4) – j x (2) + j x (6) + 0.7071 x
(1) – j 0.7071 x (1) – 0.7071 x (5)+ j
0.7071 x (5) - 0.7071 x (3) – j 0.7071 x
(3) + 0.7071 x (7) + j 0.7071 x (7)
X (2) = x (0) + x (4) – x (2) – x (6) – j x (1) – j x
(5) + j x (3) + j x (7)
X (3) = x (0) – x (4) + j x (2) – j x (6) - 0.7071 x
(1) – j 0.7071 x (1) – 0.7071 x (5)
+ j 0.7071 x (5) + 0.7071 x (3)
+ j 0.7071 x (3) - 0.7071 x (7)
– j 0.7071 x (7)
X (4) = x (0) + x (4) + x (2) + x (6) – x (1) – x
(5) – x (3) – x (7)
X (5) = x (0) – x (4) – j x (2) + j x (6) + 0.7071 x
(1) – j 0.7071 x (1) - 0.7071 x (5)
+ j 0.7071 x (5) - 0.7071 x (3) –
j 0.7071 x (3) + 0.7071 x (7) +
j 0.7071 x (7)
X (6) = x (0) + x (4) – x (2) – x (6) – j x (1) – j x
(5) + j x (3) + j x (7)
X (7) = x (0) – x (4) + j x (2) – j x (6) + 0.7071 x
(1) + j 0.7071 x (1) - 0.7071 x (5)
- j 0.7071 x (5) + 0.7071 x (3) + j 0.7071 x
(3)
- 0.7071 x (7) – j 0.7071 x (7)

4. Proposed System: The implementation of an
8 point FFT processor involved few modules.
All this module are combined together to
produce an 8 point FFT processor. Figure 5
shows the complete functional block diagram
where the inputs are passed into the design
synchronously at every positive edge triggered.
Then, the path module shows the arithmetic
computation for each respective output. In the
FFT algorithm (generally), the even and odd
outputs are computed separately in two main
groups. The odd output blocks computation is
more complex compared to the even group
computation. The odd output computations are
represented by Path 1, Path 3, Path 5 and Path 7.
The even output computations are Path 0, Path2,
Path 4 and Path 6. In the even outputs, the
twiddle factor at the output equations has been
simplified.

Fig. 5 Block diagram of an 8 point FFT
processor
Pass module of FFT processor: This module is
to pass the input data at each positive clock edge
to the different modules of FFT processor. The
pass module consists of 8 D flip-flop registers[7].
The outputs of this block are 8 lines of 16 bit
output which are connected to Path 0, Path 1,
Path 2, Path 3, Path 4, Path 5, Path 6 and Path 7.
One clock signal is required to pass the data in.
Path 0 and Path 4 module of FFT processor
The outputs of Path 0 and Path 4 are Xout (0)
and Xout (4) respectively. The arithmetic
operation for Xout (0) is summation. The Xout
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(4) arithmetic involves summation and
subtraction. There is no imaginary component
present at the output.
Path 2 and Path 6 module of FFT processor:
The outputs of Path 2 and Path 6 are Xout (2)
and Xout (6) respectively. The arithmetic
operation for Xout (2) and Xout (6) involves real
and imaginary operation. They are performed
separately. The arithmetic operation involves
summation and subtraction. The twiddle factor
for this output is –j which contributes to the
imaginary component for this path. Thus, Path 2
and Path 6 have more complex mathematical
expressions.
Path 1, Path 3, Path 5, Path 7 modules of FFT
processor: The outputs of Path 1, Path 3, Path 5
and Path 7 are Xout (1), Xout(3), Xout(5) and
Xout(7) respectively. The arithmetic operations
for all of these modules involve real and
imaginary operation. They are performed
separately.
The twiddle factor for all these modules consists
of real an imaginary value of sine 45 degree or
cos 45 degrees. The output of the twiddle factor
is approximated to 0.7071[5]. In this design, the
value is approximated to 0.707092285 or in
binary 0.01011010100000100, including a most
significant bit (MSB) to indicate the twiddle
factor is a positive number[8]. Any decimal
value after summation is approximate to integer
‘1’ when it is greater than 0.5. These blocks are
the most complicated among all the modules in
the FFT processors because it involves a number
of Mathematical operators, like addition,
subtraction and multiplication.

Figure 6 Simulated result of complete
module.

Figure 7 RTL schematic of complete FFT
module.

5.Simulated output: This section shows the
overall simulation result obtained by combining
all the modules that has been presented earlier.

Figure 8 Internal blocks of complete FFT
module.
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of the FFT computation was in decimal while
conventional method provide in floating point
value. Figure 10 shows result of 8-point FFT
using Matlab.
In conclusion, the main objective of this
project has been successfully accomplished and
the result obtained from this work is verified.
Table 2 Comparison of memory between
Structural and Mathematical Implementation

Figure 9 Internal blocks of Pass M module.

Figure 10 Example of 8-point FFT

Figure 10 Result of 8-point FFT using MATLAB
6. Conclusion Direct mathematical method is
adopted because it is an efficient and
optimized method instead of the structural
implementation which is based on butterfly
operation .The timing simulation is performed
from VHDL. The results were tested using
conventional method. From the result shown in
the results chapter, FFT module was correctly
operated. The difference was only that the result

Scope of future Work Although the objectives
of the thesis have been attained, there are a few
fundamental directions that present themselves
for continued research:
First, this design can be modified to
accept complex number. Additional digital
circuitry implementation can be performed such
that this design can accept complex number as
inputs.
Use higher fixes point representation for
point value representation.
In real time
applications and system that required high
precision and high speed, 8 points computation
is not suitable. Therefore the higher N-points
should be design to comply this need.
Use higher radix algorithm to reduce the
real multiplications and real additions. When
the number of data point N in the DFT is
increasing, radix-2 algorithm still can be used
for the computation.
However, to achieve
shorter time delay, it is more efficient
computationally to employ a higher radix such
as Radix-4 FFT and Radix-8 FFT algorithm.
IFFT module can be designed using a
simple divider because expression for FFT and
IFFT are same accept that output of FFT module
is divided by N.
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