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Special-purpose computer for 64-point FFT based on
FPGA

Wang Xudong

College of Information Science and Technology
Nanjing University of Aeronautics & Astronautics
Nanjing 210016, China
xudong@nuaa.edu.cn

Abstract—A novel architecture for computing the fast Fourier
transform on programmable devices is presented. Main results
indicate that the use of an 8x8 parallel structure for realizing this
64-point FFT leads to a 8 times higher processing speed
compared to its counterparts employing other series techniques.

Keywords-FFT; FPGA; time-efficient

15 INTRODUCTION

The fast Fourier transform (FFT) is one of the most
popular algorithms in digital signal processing and it is used in
communications, radar and reconnaissance applications. Field
programmable gate arrays (FPGAs) have long been attractive
for accelerating FFT processing speed[1].

FFT implementations on FPGA have been performed b
using distributed  arithmetic®*, complex multipliers®®,
CORDIC algorithm®, online arithmetic”®, and global
pipeline architecture®. However, there is no high speed FFT
processor among them, which is critical for wideband system
such as radar, SDR (software define radio) and
reconnaissance!'%.

Sharing single butterfly architecture is the most commonly
used in FFT processors based on FPGAs!''"). It basically
consists of a unique butterfly, which performs all the
operations of the FFT, a two port RAM to store the
intermediate data, a memory with ‘twiddle factors’, address
generators and control logic. For large transforms, the area of
this architecture is considerably lower than the others but, in
wideband systems, this is an improper architecture that can’t
suit the processing speed needed in such systems.

This paper proposes a high speed 64-point FFT processor
based on FPGA wusing a hybrid-parallel and pipeline
architecture. The study has been particularised to decimation-
in-frequency (DIF) FFTs of length 64 points and a 8-bit word-
size has been considered. The whole processor has been
implemented using two parallel 8-point FFT and 8 complex-
multipliers between them. ‘Twiddle factor’ addresses can be
easily generated with counters. The address generation logic is
very simple and does not limit the throughput of the system. Its
performance is found to be suitable with 1GHz streaming input
data that is a very speediness effective option for wideband
system.

Liu Yu

College of Information Science and Technology
Nanjing University of Aeronautics & Astronautics
Nanjing 210016, China
Liuyu_nuaa@yahoo.com.cn

II. HYBRID PARALLEL FFT ALGORITHM

To improve the system operation speed, a hybrid parallel
FFT algorithm is used in this processor. Let us consider a DFT
x(n) of dimension NIl

X(ky= x(mw (1)

Where W, =e*™"" andk=0---N -1

If N is the product of two factors, with N=N,*N, | the
indices ” and k& we can redefined as follows: n=N *n, +n,,
where n,=0---N,—1 and »=0--N-1 | k=N,*k +k,
k,=0---N,—1 and & =0---N, -1

Then we can split #;* as follows

’

27kn = 27 (k Ny +ky )N, +ny)
Wk=e N =e NN

k.
etk LK +1'vi,)]

=e

(2)
—jl2rkyny 2rkymy  27kymy erkzr:,]
- 4 N, N, NN,
- W){Z"z WNk:nl Wl{;znl
Afterwards, we get:
X(kN, +ky) =
(3)

N-1 N,-1 . " i
YU 5N, +n Wk P

m=0  n=0

The N point DFT coefficients X (k) can be calculated by
N, channels of N, point FFT in parallel.

III. FPGA IMPLEMENTATION AND SIMULATION

A. FPGA implementation

The structure of the routines implemented into FPGA is
presented on the Fig.!.

978-1-4244-5668-0/09/$25.00 © 2009 IEEE
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Figure 1. Internal structure of hybrid parallel FFT

Firstly, a DEMUX operation is used to de-series the input
data into 8 parallel channels. Secondly, a global pipeline 8-
point FFT is employed to these parallel data. Thirdly, the
outputs of global pipeline FFT are multiplied with 8 complex
coefficients from FPGA internal ROM. Lastly, another global
pipeline 8-point FFT processor is employed to the outputs of
the 8 complex multiplies. Afterwards, a MUX operation is
used to make a serial output from FPGA.

X0 X0
X9 X9
X2 2
X8 3
X9 X3
X9 X9
0 X9
X7 2

Figure 2. Global pipeline internal structure of FFT
The global pipeline 8-point FFT is illustrated in the form
of a signal flow in Fig.2. The elementary operation is a two-
point DFT butterfly, having the following form:

Xoa(P)=X,(p)+ X, (@)* Wy (4)
Xpa(@)= X, (p)= X, (@) * W (5)
The butterfly computation requires 4 real multiplications
and 6 real additions/subtrations. The hardware used in this

study does these computations using 4 fix-point multipliers
and 6 fix-point adders/subtracters, as shown in Fig.3.

Subtracters Truncati ons

.
—

NV B
MJItiI'JIiersj [M;fa

Figure 3. Basic butterfly data path

B. Simulation results

After the design entry of the respective blocks in the FFT
processor, applying certain test patterns to verify the
correctness of each block is functionally simulated. This level
of simulation helps in testing the functionality of the design
without including the gate level delays. Simulation of the
design after implementation of the design is also done in order
to obtain the delay associated with the FFT processor at the
transistor level. This level of simulation takes more time
compared to the functional simulation and gate level
simulation. This level of simulation is known as timing
simulation. Functional verification of the designed FFT
processor, is done by simulating the top level RTL by
applying various test patterns using a test bench. Simulation
consumes 24 clock cycles to complete the 64-point FFT using
the proposed hybrid parallel architecture after the data has
been applied. Synthesis and implementation of the design
proved to take very high speed and consume less power when
implemented on a xc4vsx55 device from the Xilinx family.
The results of this time-efficient FFT processor are as shown
in Fig.4 and the synthesis report is shown in Table 1.

e

u

§ OGN0 G

Figure 4. Top level schematic of the F.l:‘:i' processor

TABLE 1. HDL SYNTHESIS REPORT OF FFT

Logic Utilization Used  |Available Utilization
Number of Slice Flip Flops 5.717 [49.152 11%
Number of 4 input LUTs 2,615 [49,152 5%

Logic Distribution
Number of occupied Slices 3,596 [24.576 14%
Number of Slices containing only related logic 3,596 3,596 100%
Number of Slices containing uarelated logic 0 3,596 0%

|Total Number of 4 input LUTs 2.625 49,152 5%
Number used as logic 2,311
Number used as a route-thru 10
Number used as Shift registers 304
Number of bonded 10Bs 402 640 62%
Number of BUFG/BUFGCTRLs 1 32 3%
Number used as BUFGs !

Number of FIFO16/RAMBI16s 16 320 5%
Number used as RAMB16s 16
Number of DSP48s 40 512 7%

The 64-point FFT is calculated using 2 number of global
pipeline 8-point FFTs. The time taken for the computation is
64ns(8 periods) at 125MHz internal clock frequency. Thus the
input and output data rates can be as fast as 1GHz, which is 8
times of the calculation speed inner FPGA chip. Fig.5 shows
the timing simulation result of this design with 3dB Signal-

uthorized licensed use limited to: NANJING UNIVERSITY OF AERONAUTICS AND ASTRONAUTICS. Downloaded on February 23,2010 at 20:54:31 EST from IEEE Xplore. Restrictions apply



Noise-Ratio and Fig.6 plots the data in the wave using
MATLAB software.
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% 10 20 ) 40 50
Figure 6. Wave data figure plotted in MATLAB

IV. CONCLUSION

A 64-point high speed pipeline FFT processor for wideband
system is designed, simulated, synthesized and implemented on
FPGA. The whole design is done on VHDL. The architecture
of this time-efficient FFT processor is given. VHDL design is
on Synplify and simulation results are achieved on ModelSim
and then synthesis is done on ISE to get the logic level. The
overall resulted design has been implemented in a Xilinx
xc4vsx55-12ff1148 FPGA. The approach presented here
reduces the hardware complexity in FFT processor
architectures and implements circuits more efficiently than
global pipeline proposals. Main results indicate that the
proposed time-efficient FFT processor performed with hybrid
parallel structure gives up to 8 times operation frequency than
the Xilinx cores. On the other hand, the area efficiency of the
proposed 64-point FFT approach is 600% better than for the
global pipeline FFT processor proposed in [9]. With our
strategy, a time efficient FFT processor is implemented that
can process data at a sample rate of up to 1Gsample/s using
patient resources.
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Time-delay estimation based on quaternion theory
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(1. Inst. of Information Science & Technology, Nanjing Univ. of Aeronautics and Astronautics,

Nanjing 210016, China; 2. Inst. of Communication Engineering, Jilin Univ.

, Changchun 130012, China)

Abstract : In view of the time difference between two sensors caused by arriving signals early or late from

the same source , a quaternion signal model using two sensors’ signals is established , and a Toeplitz matrix of

that quaternion model is constructed. After analyzing the Toeplitz matrix , an estimation algorithm is presented.

Finally, the right-eigenvalue decomposition of the quaternion matrix is used to construct a corresponding noise

subspace and then a quaternion-MUSIC method is used to estimate time-delay when signal frequency is known.

Simulation illustrates that the proposed method is effective.

Keywords : time-delay ; quaternion; Hamilton
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Abstract A new method is presented based on singular value decomposition (SVD) of tme-
frequency space of the observed data to separate and enhance multi-component chirp signal
mbedded in additive colored noise Firstly, a fourth-order center moment of fraction Fourier
transfom (Fourth-FRFT) is defined to estinate the best FRFT domain of chirp signal w hen
the signal noise ratio is lower Then, the fourth-FRFT and SVD are used to separate and en-
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