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[5].Generally, FFT algorithm can be classify into decimation
in time (DIT) or decimation in frequency (DIF) [6]. In
addition, for implementation ofFFT processor, we can choose
Radix-k module where k is the size of arithmetic unit [7].
Consequently, single-path or multi-path structure are
available [8].
The purpose of our paper is to design an FFT processor which
can be flexible and useful to be as intellectual logic core for
many systems on chip.The decimation in frequency Radix-2
FFT algorithm is chosen to be explained. And we will use
pipeline FFT processor and single path delay feedback
pipeline processor for our design.The research is conducted
by VERILOG codes running on Model Simulation 10.4a tool
student version. The data and constant values were calculated
by MATLAB R2020a.The organization of this research is as
follows.In Section 2, we explain the role and position of FFT
block on digital system. The analysis and design of pipeline
FFT processor is explained in Section 3. In Section 4, the
implementation and verification of FFT processor design are
discussed. Finally, conclusion is givenin Section 5.

ABSTRACT
This paper will study a novel system on chip (SoC) design for
fast Fourier transform (FFT) module. We first explain the role
and position of FFT module in a digital intelligent system.
Then, the discrete Fourier transform (DFT) and decimation in
frequency (DIF) Radix-2 butterfly FFT algorithm is explained
in detail, mathematically. In addition, the analysis of a simple
pipeline FFT processor and a single-path delay feedback
pipeline FFT processor based on SDF Radix-2 algorithm are
discussed.Finally,the implementation and verification of
proposed FFT processor are performed VERILOG hardware
description language (HDL).
Key words: Fourier transform, pipeline processor,
VERILOG HDL, FPGA, System on Chip design.
1. INTRODUCTION
Nowadays, digital intelligent systems can be found anywhere
around us it helps our living more comfortable with many
types of useful application. One of technologies inside
intelligent system is digital signal processing (DSP) and it is
no doubt to say that our daily lives are powered by signal
processing technologies [1]. In DSP, the Fourier transform
(FFT) is one of most fundamental and important building
blocks. Fourier transform has a long history, in 1822 Joseph
Fourier showed that some functions could be written as an
infinite sum of harmonics. Similarly, some researches showed
that any periodic signal can be approximated by a sum of
many sinusoids at harmonic frequencies of signal with
appropriate amplitude and phase. Hence, Fourier transform is
used to convert signal from time domain to frequency domain
and vice versa.
Fast Fourier transform(FFT) simply is an algorithm for
efficiently calculation of discrete Fourier transform. It has a
long history improvement from Fourier transform. Basically,
the most general and modern version FFT can be noted in
1965 by James Cooley and John Tukey. There are many
applications of FFT we can note such as in application
specific integrated circuit (ASIC) [2], digital signal
processing (DSP) [3], general of quantum gate [4], etc. FFT
performs efficiently but there are many parameters should be
considered and there is the trade-off to choose those
parameters depending on application and its requirements

Figure 1: Overall model of Fourier transform.

2. ROLE OF FFT MODULE ON DIGITAL SYSTEMS
A. Overview of Fourier transform
In digital signal processing, Fourier transform is a linear
transformation of the vector in time domain { } to the vector
in frequency domain { } where equation is given as:
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is the roots of unity,
is also called as the
twiddle factors which is calculated as:
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processing by FFT module. The outputs of FFT module is the
signal in spectrum domain, which will be stored and
processing in Microcontroller unit (MCU). The sully process
can be viewed as Figure 3.

,
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The above matrix form transformation is called Discrete
Fourier transform(DFT).For efficiently calculation the DFT,
fast Fourier transform (FFT) is a novel algorithm which
reduced the complexity calculation from Ο( ) to Ο( ×
).The overall model of Fourier transform is given as
Figure 1 and the efficiency comparison between DFT and
FFT is given as Figure 2.

C. DIF Radix-2 Butterfly FFT algorithm
FFT has a long history with many versions, a modern
generalization FFT algorithm was invented by J. Cooley and
J. Tukey in 1965 that is applicable when length N is power of
2. Basically, the idea of FFT is to break down a DFT block
into many smaller DFTs along with twiddle factors (complex
roots of unity). When N is power of 2, the smallest DFT block
is Radix-2 butterfly which is easy implemented in Hardware.
Figure 4 shows a Radix-2 butterfly unit where W is a complex
number, x and y are real input, X and Y are complex output.
Since we have the complex numbers on Butterfly unit, an
adaptive Hardware description should be considered, it will be
mentioned in next section.

Figure 2: Comparison between FFT and DFT.
Figure 4: Radix-2 butterfly.

B. FFT module on digital system
FFT are widely used for applications in engineering,
science, music, science, and mathematical, it is included in
top 10 algorithms of 20th century by IEEE magazine
computing in science and engineering. Basically, the input
signal such as image, speech, pattern, temperature, sound, are
sensing by some sensor system. Then, those signals will pass
through some amplifier to stable in some amplitudes and they
will be sampled by Analog-Digital converter (ADC) with
appropriate parameters. The output of ADC is a discrete time
signal which can be performed by digital filter before

Figure 5: DIF for 8-points FFT algorithm.

Figure 3 :Position of FFT module in an overall digital system.

There are two ways to take the input for Radix-2 butterfly,
hence we can have decimation in time (DIT) or decimation in
frequency (DIF) FFT algorithm. Through this paper, DIF is

using such that in Figure 5.Consequently, the bit-reversal
permutation is required at output of FFT module. The
equation for DIF is as following:
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and popular way to implement in hardware is pipelined
architecture to achieve higher speed. The block diagrams of a
simple pipeline FFT processor is given in Figure 6. For
8-points FFT, we need three stages. In stage 1,there are two
delay modules, one Radix-2 module, and one multiplication
with twiddle value.The delay-4 module is used to set 4 inputs
signal come to the upper input of Radix-2 module and
remaining 4 inputs in lower input of Radix-2. The upper
output of Radix-2 will directly to next stage, in contrast the
lower outputs will come to another delay-4 module and take
the multiplication with corresponding twiddle values which
was stored in ROM. Similarity in stage 2 and stage 3, the
difference is that delay-2 module is used in stage 2 and
delay-1 module is used in final stage. Finally, the output will
be the values signal in frequency domain but in permutation
order as discussion in Section 2.
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B. Analysis of SDF pipeline FFT processor
Since the pipeline FFT processor obtains a higher speed but
the cost on resources, several methods to save resource are
proposed. In this proposed system, instead of using two delay
modules for each stage, only one delay module is used by the
help of delay feedback as given in Figure 7.

×W ×W .

3. ANALYSIS OF PIPELINE FFT PROCCESSOR
A. Analysis of simple pipeline FFT processor
Based on DIF radix-2 butterfly FFT algorithm, the suitable

Figure 6:System model for simple 8-points FFT processor.

Figure 7:System model for single-path delay feedback 8-points FFT processor.

Figure 8:Schematic tracer of 32-points FFT pipeline processor.
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Figure 15:Timing diagram for a testbench of 32-points FFT pipeline processor.

4. IMPLEMENTATION
USING VERILOG HDL

OF

FFT

PROCCESSOR

A. Implementation of basic modules
There are numerous modules to implement to build up the
full FFT processor. Overall, the proposed FFT processor
design is given as Figure 8 and the list of all sub-instance can
be found asFigure10. The schematic tracer of all sub-modules
is clearly given as Figure 11 for Radix-2 module, Figure 12
for ROM module (twiddle factor), Figure 13 for shift-register
module (delay).As analysis in previous section, the Radix-2
modules are just an arithmetic operation with some
modification for complex number. The constant number of
twiddles are calculated by MATLAB tool and are stored in
Read-only-memory (ROM). The delay modules are just the
shift-registers with suitable parameter.
One of their common problems can be shown here is the
representation of real number and their arithmetic operators
art in Hardware description language. The fixed point and
second complementation are used to represented real number
in HDL where 8-length fraction bits. The complex number is
separated into two parts, one is for real part and another is for
image part. As a result, the real number multiplication can be
implemented as Figure 9.
B. Verification of proposed FFT processor
A test bench for verification of proposed FFT processor is
made. Therein, the input is stored in txt file where input txt file
consisted of 32 value. The 32-points input data and expected
32-points output data are calculated by MATLAB 2020
version software.
At each system clock, the value at each line is called and
come into our proposed system. As given in Figure 15, we
need 32-clocks for all inputs come into the system and
2*32=64 clocks for all the FFT values appear at output. The
output of proposed system can be found at two columns at the
middle of Figure 14. The comparison shows that there is a
non-considerable error with expected result which come from
the fractional part is set to 8-bits length as Figure 9.

Figure 10: List of instances of proposed FFT processor.

Figure 11: Radix-2 modules of proposed FFT processor.

Figure 9: Real number multiplication for proposed FFT processor.

Figure 12: AROM module of proposed FFT processor.
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In SoC, FFT processor is popularly used in many digital
signal processing systems. This SoC design can be viewed as
an intellectual logic core for flexible and suitable integration
in DSP system for many types of digital intelligent system.
Due to the VERILOG source codes, MATLAB based
calculation of input data in our implementation have
numerous lines of codes, we cannot show it clearly in this
limited paper. Any requirement is welcomed, and author will
share them with appropriated reasons.
Figure 13: Adelay module of proposed FFT processor.
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