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Design of a Floating-point Butterfly Unit with Simplified Structure

YU Long-yang , DUAN Wen-wei , LI Shu-jian

(School of Electronic and Information Engineering, Beijing University of

Aeronautics and Astronautics, Beijing 100191, China)

Abstract: This paper presents an efficient design of butterfly unit with simplified structure . The occupating coef-
ficient of inner modules of the unit is almost 100% . This unit uses a full pipeline structure, which saves 75%
of the hardware resource consumption compared with the parallel structure. A floating-point FFT processor based
on this butterfly unit is realized by using the FFT algorithm of DIT( Decimation-in-time) . The simulation results
of QUARTUS II demonstrate the correctness of the design. This design has been successfully applied in the sig-

nal processing part of an audio signal analyser.
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Fig.1 Structure of radix — 2 DIT butterfly operation
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Fig.2 Functions of butterfly unit
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Table 1 Pipeline sequence of butterfly unit

ga NOR R ek i H—RIkAs 5 UMk
Cl, X, X, _sin, _; X,_1cos,_1+ Y, _sin, _; %,_1 = (X, _jcos,_ + Y, _;sin,_)
c2, Y, X, cos, Y, _icos,_1— X, _sin, _; %p_1 + (X, _jcos,_; + Y, _;sin,_)
c3, X, Y, sin, Y, _icos,_1— X, _sin, _; Yn-1— (Y, _1cos,_1 — X, _ysin,_;)
c4, Y Y, cos, X,cos, + Y, sin, Yn-1+ (Y, _1cos,_1 — X, _ysin,_;)

Cl,., X, i1 X, sin,, X,cos, + Y, sin, %, — (X,cos, + Y,sin,)

C2, . Y, i1 X, 41C08, 41 Y, cos, — X, sin, %, + (X, cos, + Y,sin,)

C3, .4 Xy a1 Y, . 1sin, . Y, cos, — X, sin, ¥n — (Y,cos, — X,sin,)

C4, .1 Yn+1 Y i1co8, 41 Xy1cos, 1+ Y, sin, Yn t ( Y, cos, - XnSinn)
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Fig.3 Output of sequence logic unit
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Fig.4 Structure of butterfly unit
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Fig.5 Block diagram of radix — 2 DIT FFT processor
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Table 2 Comparison of precision
Matlab 115545 5 Quartus 11 {)f H.4h
512 512
64 — 321.7497274960i 64 — 321.7497253417i
64 — 42.76343282681 64 — 42.76342773431
64 + 95.78276881051 63.9999961853 + 95.7827758789i
64 — 12.7303915122i 63.9999961853 — 12.7303771972i
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FTE Quartus 11 9.1 {5 HE5 R WR, B4 FFT AL
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Fig.8 Simulation result of processor when the

main clock frequency is 80 MHz
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