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Abstract Fast Fourier transform (FFT) is a most time-consuming algorithm in the domain of digital
signal processing (DSP). The performance and energy efficiency of FFT will make significant effect
on different DSP applications. Thus, this paper presents a high energy efficiency variable-size FFT
accelerator based on matrix transposition on DSP chip. Several parallel schemes are employed to
exploit instruction level parallel and task level parallel of batch of small-size FFTs or big-size Cooley-
Tukey FFT. A “Ping-Pong” structure of multi-bank data memory (MBDM) is presented to overlap
the overhead of data move and FFT calculation. Moreover, based on MBDM, fast matrix
transposition algorithm with basic block transposition is presented to avoid the matrix access with
column-wise and improve the utilization of DDR bandwidth. Hybrid twiddle factor generating scheme,
combining lookup table and on-line calculation with CORDIC, is presented to reduce the hardware for
twiddle factor. Experimental results show that our FFT accelerator prototype with power efficiency of
146 GFLOPs/W, achieves energy efficiency improvement by about two orders of magnitude with
multi-thread FFTW on Intel Xeon CPU.

Key words fast Fourier transform (FFT); accelerator; high energy efficiency; matrix transposition;

digital signal processing (DSP)
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(b) The access order of Cooley-Tukey FFT algorithm based-on matrix Transposition

O A complex value in initial data matrix

@ A complex result after the calculation of column FFT

@ A complex result after the calculation of row FFT

MT : The operation of matrix transposition
——3 The read access order of memory
-===9» The write access order of memory

@ A complex result after the calculation of compensated twiddle factor

Fig. 1

The access order of Cooley-Tukey FFT algorithm.
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Fig. 2 The position of FFT accelerator on DSP chip.
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Fig. 7 The transposition of basic block matrix.
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Table 1 Performance Comparison Among Different Platforms for Small Size FFT
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FFT Size Point

Platforms Ttems
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FFTWL8on Intel CPU
Performance/ GFLOPs 11.23 15. 95 16. 21
Running Time/ps 0.436 1. 668 7.315
TI HWAFFTC13]
Performance/ GFLOPs 4. 40 6.14 7.00
Running Time/,is 0.142 0.576 2. 806
Our Previous Work!*!
Performance/ GFLOPs 13.52 17.78 18. 24
Running Cycle 93 378 1505
Running Time/ps 0.093 0.378 1. 505
Performance/ GFLOPs 18. 60 18.52 18.53
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Speedup vs FFTW 1. 65 1. 16 1.14
Speedup vs HWAFFT 4.22 3.02 2.65
Speedup vs Ref[14] 1.38 1.04 1.02
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