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Abstract: Fast Fourier Transform is an important algorithm in signal processing applications like MIMO-OFDM, 4G, VoLTE and 5G.
FFT computation involves with complex arithmetic operations addition/subtraction and multiplication. The power dissipation of FFT
depends on the number of arithmetic computations. Split Radix FFT (SRFFT) has the lowest number of arithmetic operations among
all the FFT. SRFFT is an ideal solution for low power FFT design. In this paper, we proposed the implementation of SRFFT for 4/8/16-
point FFT on Xilinx Zed board. System generator tool is used for FFT design. SRFFT design is done using Xilinx blockset and code
generation is done using Xilinx Vivado. The generated code is implemented on Xilinx Zed board. Comparisons are made in terms of
LUTSs occupied and power dissipation between 4-point, 8-point and 16-point FFT implementation.

Keywords—Ilow power, Radix-2, Split-Radix Fast Fourier Transform (SRFFT), twiddle factors, system generation tool, Vivado suit,
Xilinx blockset.

I.LINTRODUCTION

Fast Fourier transform (FFT) is the most important and commonly used algorithm in Multiple Input and Multiple Output-
Orthogonal Frequency Division Multiplexing (MIMO-OFDM), High definition multimedia applications, wireless
applications and signal processing applications. Many variants of the FFT algorithm have been developed, such as radix-
2, radix-4 and radix-8 FFT. A new variant of FFT algorithm was proposed by Duhamel and Hollmann [1] called split-
radix FFT (SRFFT). FFT algorithm involves with arithmetic operations like Addition/Subtraction and Multiplication of
complex numbers. The overall system power consumption depends on number of arithmetic computations in FFT.
SRFFT algorithm involves with least number of arithmetic computations among all the known FFT algorithms. SRFFT is
a good candidate for the implementation of a low-power FFT processor.

FFTs are classified into two groups: shared-memory and pipelined processors. Pipelined processor architectures [2-3]
provide high throughputs at the cost of more hardware resource requirement. Shared-memory processor architectures [4-
11] require less hardware resources with slower throughput. In this paper, we propose the implementation of SRFFT
algorithm of 4-point, 8-point and 16-point using system generator tool. The design of FFT is carried out using Xilinx
blockset. The code generation is performed and synthesized using Xilinx Vivado tool.

The rest of this paper is organized as follows. Section Il provides a theoretical comparison of the number of complex
multiplications between the radix-2 FFT and the SRFFT. Section 111 discusses the implementation of the proposed design.
Section 1V provides the results and Section V concludes this paper.
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1. COMPARISON OF SRFFT AND RADIX-2 FFT
The N-point discrete Fourier transform is defined by
X (k) = Ynzs x(m)Wik 1)

Where k=0,1,2......N-land W = e /2™*/N | we split X(k) into even and odd terms, radix-2 FFT can be derived as

N

X(2k) =Y2_. [x(n) + x(n+ N/2)]W (2)

n=0

X@2k+1) = ZZ o[x(n) —x(n+ N/DIWEWE - (3)

The basic idea behind the SRFFT is the application of a radix-2 index map to the even-index terms and a radix-4 map to
the Odd-index terms. For the even-index terms, it can be decomposed as (2).

X4k +3) = % 0[x(n)—x(n+ )+j<x(n+%)

X(4k +3) = % 0[X(n)—x(n+ )+J'(x("+%)

—x (n+2) Wi Wik @)
—x (n + %))]W;; Wik, (5)

Where k=0, 1, . . ., N/4. The formulas above result in the L-shaped split-radix butterfly structure, which can be found in
[2] and the scheduling of the L-shaped butterfly is irregular. Table 1 shows the comparison of arithmetic computations
required in Radix-2 and Split radix of 16-point FFT. Figs. 1and 2 show the signal flow graph of Radix-2 and Split Radix
16-point FFT.

TABLE |
Comparison of arithmetic computations between Radix-2 and Split radix FFT of 16-point

Type Additions/Subtractions | Multiplications
Radix-2 64 24
Split Radix 46 21

We present a split radix FFT algorithm consisting of radix-4 butterflies. The major advantages of the proposed algorithm
include mixed radix butterflies, whose structure is more regular than the conventional split radix algorithm. The split
radix FFT is obtained by dissolving the radix of 4 point into 2 and 4 divisional part subsequently so these divisions help
in reducing the power and many other related computations.
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Fig.1: Signal flow graph of radix-2 FFT
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Fig.2: Signal flow graph of SRFFT

The above diagrams represent the difference in the structural representation of the both FFT and split radix FFT.

IHLIMPLEMENTATION OF PROPOSED DESIGN

The proposed design of SRFFT of 4-point, 8-point and 16-point is implemented on Zed board using Xilinx Vivado tool.
The proposed design is carried out using Xilinx System generator tool. The design is done using Xilinx Blockset tool of
System generator tool.
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Fig.3: Block diagram of butterfly element.

Fig.3 shows the block diagram of butterfly element used in FFT design. It performs the addition in the upper section and
subtraction in the lower section. Twiddle factor multiplication is to be performed in the lower section of butterfly
element. The multiplication of complex twiddle factor is performed as shown in Fig.4.
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Fig. 4: Block diagram of twiddle factor multiplication

Using the proposed butterfly element and twiddle factor multiplication units, the design of FFT for 4-point, 8-point and
16-point is carried out. Fig. 5 shows the design of 4-point FFT.

|

Fig. 5:Design of 4-point FFT

After design of FFT using Xilinx blockset, code generation is performed. The generated Verilog code is synthesized and
implemented on Zed board using Xilinx Vivado tool. Fig.6 shows the RTL schematic of proposed design.
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Fig.6: RTL schematic of 4-point split radix FFT

Similarly, the design for 8-point and 16-point FFT is carried out and synthesized using Vivado tool. Fig.7 shows the
design of 8-point split radix FFT and Fig.8 shows the RTL schematic of 8-point split radix FFT. Fig.9 shows the RTL
schematic of 16-point split radix FFT.
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Fig.7: Design of 8-point split radix FFT.
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Fig.8: RTL schematic of 8-point split radix FFT
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Fig.9: RTL schematic of 16-point split radix FFT

IV RESULTS

The proposed Split radix 4-point, 8-point and 16-point FFT is implemented on Zed board. Table Il shows the
comparison of different split radix FFT algorithms in terms of LUTSs occupied and DSP power dissipation.

Table 11
Comparison of synthesis results of 4-point, 8-point and 16-point split radix FFT
Design LUT DSP 10B DSP
Power
4-POINT 16576 88 512 79%
8-POINT 51616 308 1024 76%
16-POINT 142304 924 2048 74%
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V CONCLUSION

In this paper, we proposed the implementation of split radix FFT of 4-point, 8-point and 16-point. The proposed
designs are implemented on Zed board. The comparison results show that the split radix FFT can minimize the power
dissipation due the reduction of arithmetic computations in FFT. The proposed designs can be extended to higher point
FFT.
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