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ABSTRACT

The increased utilization of the FFT in signal processing, cryptography, and various other fields has highlighted the
importance of optimization. In this paper, we propose the implementation of an accelerator that processes the radix-2 16
points FFT algorithm more rapidly and efficiently than FFT implementation of existing studies, using FPGA (Field
Programmable Gate Array) hardware. Leveraging the hardware advantages of FPGA, such as parallel processing and
pipelining, we design and implement the FFT logic in the PL (Programmable Logic) part using the Verilog language. We
implement the FFT using only the Zynq processor in the PS (Processing System) part, and compare the computation times
of the implementation in the PL and PS part. Additionally, we demonstrate the efficiency of our implementation in terms of
computation time and resource usage, in comparison with related works.

Keywords: FPGA, FFT, Accelerator

N 2 + FFT(Fast Fourier Transform) ¢4+ 3}
s 33, o3 5 vhekst Folellx] Q] AMEE
AZre] QA&AQl AEE FI ddgow W) Fo3 daE]Felvt, AlsAe, Fu 54 B4,
d33 59 EofollA FFT 4k 25449l 93-S
e}, 53] Abasre M E okl A

Received(11. 27. 2023), Modified(12. 26. 2023), AU, 53, FAREE W24 i
Accepted(12. 27. 2023) AlEl A4 9k (Post-Quantum Cryptography)
* R AT ARERP e 9] Ao T TAR % A7k 7IvH(Lattice-based) ¢&elA FFT <14t

o

2] A& ol el A7) (No. 2021R1A2C1095591) 3 29 W39 NTT(Number Theoretic

FA2}, r22jiwOn@hanyang.ac. kr - N o i
AR seosh77@hanyang. ac.kr(Corresponding author) Transform) <dAte] F2 AMEEa gQlct, ol#f&t


mailto:r22jiw0n@hanyang.ac.kr

12 FPGAE A3 radix-2 16 points FFT <x&= 7147] 73

4] FAlel AHEE FFT 2 NTT <4k 7]
A, AR A (Esh) 2 A (5353 FA A
& AabERE AAEkAL glek. NIST %% <fAhiA
gkl FALCON-5129] 7%, 71 A4 24l
FET <date] oF 6003 o4 AHg-=]7] wjel 3=
dAE Z88 FHAst AF7F S o] FIA
otk oM FFT A4re] #HAste g% ofApiA
durt 71 FHA s daeEs A 2
oA F5A et

FFT daeEs w2y 38303 Fsie W
W] shvlZ FPGA(Field Programmable Gate
Array) 3t=ESIIE AR 71453 AT-Ee] s}
A o] FelA gt

FPGA® 4% <4t

=

rir

o e 2 gl &
FelFe] HAs el aEAY Bk ohdzl div=
2 [oT 7ol 233t st=djofolr}. =3 FPGAE
83 7153} 7S FFT AAHERE ohz} ohefdh

webA] 20059 EH dA7RA] A= AT s
A= k1), 53], SFgAQ kel g HHE
Ael, AGAAE 43 Fol=Zelal /W AL &
thekel WAoo 2 FPGAS AHES 43l g
2] &2 A3} AA} o1FA 2 rH2).

E =HoxE Zyng ZEAA 7lHE SoC
(System on Chip) 3t=slelal Zybo Z7-20
FPGAE AH83le] &E£4<9 16-point radix-2
FET] 74 ek At £ =i 72+ ot
S Zrh 2AeMe A7 olslE Bl Hsl
FFTY % % FPGAd gt si3AAS 7|43
o 3%elM= & = AR AT7ES s
ojd wAlew 7t A4 HAs el oleA e
gl 4ZeAE Zyng EZRAMTES E43
PS(Processing System) ZE¢] F33} FPGA
o] W A, solzelely Fo SAS Hu &
43 PL(Programmable Logic) Z}E2] & u}
el sl ApAlEA 71egict 5 elAe 7 A
E Ak, 7188 frAb AT AFe) vlasle] 2
ATolA Ak T o] i AR SHellA
oAb ZEAHAAE A}

Of

Asdon & el A FFT <49 o
Edlo] 7447 FRE CPUE o4 whaluc) &

E7b v whEs fab Aot vlatste] Blans
Ao g3t

Il HiE X4

w AdAe dre] olElE w7l s TR
Radix-2 FFT <4t AH¥= FPGAS 2ol

Bl A,
2.1 Radix-2 Fast Fourier Transform

ol4b Fele] ®WZH(DFT: Discrete Fourier

-
G gl A Fele. o] WRE H3 T4
"ol T4 dodold] BAHE 54
2 251 | 8.

DFTE Fabs wate] 7ledel Jejzs), F
A A2 zlnlel B3 DFTE

N—1
X[kl = Zx[n] . oI/ Nkn (1)

n=0

ol N& dHole EJIES Foln} p= FIL
lg o]},

DFTE O(N%)9] At BAtms AA|ge} 23
A5 o32]&(Divide and Conquer
algorithm)& AH3dl+= Cooley-Tukey ¥az=
+ 7|Wte g FRT+ o] A4bs FA3lsle] B3es
O(Nlog N) &2 Z4Ith. Radix-2 FFTE % ¢#
A daElE F R Y delee zrvt 29
AEAFL | 7P ZgA e}

Radix-2 FFTe 42 butterfly <d4telc}
o] A4k 7 i dlole] ZIE| gk sl 2
Az 3AAH(twiddle factor)el FAE £33
Folzl T dlele] EIE 4,69 N butterfly &
A 522 29} Zro] Ao)HLh, ofu] o/ Nine 3
A A}olct,

ad=a+tb (2)
b/ — (a*b) . e*]‘(?n/l\f}kn

2 E=wdd 3 dwelEd radix2
DIT(Decimation In Time) FFTZ, 1% (time
domain)& Y Wik w3k N=2'7)9] H|
olf] ¥QEE Zi dwEFoR Fig.l.3 2o




00 5831

(2024. 2) 13

Stage 1 | Stage 2 1 Stage 3 1 Stage 4

x(0) : : ‘ X
) : ‘ : X))
x(2) i Z, i z X(2)
3 X(3
IE4§ t 1 XXXX ‘ XE‘S
) ; L XX\ SXXLLL i)
“© e N 0T 10
e ! ! D20700700- 020 g
st — RIS 607060t
x(10) > " > ko)
x(11) T <z, T X(11)
H12) T X XXX D vz
x(13) AN Dy
x(14) T § 1 § X(14)
x(15) : :

X(15)

Fig. 1. The process of a radix-2 16 points FFT
using butterfly units
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Fig. 2. Structure of FPGA Hardware
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Fig. 6. Testbench result of the proposed FFT accelerator implementation on FPGA
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Fig. 9. Block design of the proposed FFT
accelerator

Table 1. Detailed resource utilization of the
proposed FFT accelerator design

resource | utilization|available|utilization (%)
LUT 497 53,200 0.93
LUT RAM 60 17,400 0.34
FF 802 106,400 0.75
BUFG 1 32 3.13

Table 2. Computation time of PS, PL part

Avg. PS PL
time (us) 21 18
Clock cycle 13,396

2 9] input pointE Z+E ATEdA AHeE
9 2lasel vlask LUTE #H4 50.5%004
73.8% ZAa¥ct wdt FFY 7% (6l vl&
4.1%, (439 vls) 76.9% #Hasich. (3)3) wlag)
< o Z718A 5 I0B(Input Output Block)
= 55.9% #ades Fdg 4+ 9ok LUT ¥
FFY 75 @8 AA 2laz(area)® 735, £
=wollA AR F-e] areart (3]l w]El
16.78%, (4}l wl&l 75.78%, (6] H]sl
30.72% #aske Ae T 4= 9l} (5)9 A%
fully used LUT-FF¢ Argt g1F37]el, LUT
9} FFez 744 sliced MeE 2d B =3
A AARE whale] Aspre g A w|4anE AR

tha & 4 9l

N

vVI. &

rhu

= Erellde AxE 7 A EelA B
AibEE AHAskE FFT <4t W3] FPGAE &
83te] mb=w EaHow 73l Table 2.
g

A & g %ol PLE &483% FFT <d4te] PSel

Table 3. Comparison of resource utilization in FFT implementation between related works and the

proposed design

Method FPGA Radix N No. LUT No. FF No. I0B No. slice
Proposed Zybo z7-20 -2 16 497 802 130 -
(3) Spartan6 r-2 16 1,004 557 295 -
(4) XC5VLX330-2FF1760 r-4 16 3,469 1,894 - 1,096
(5) (VHDL language) o | 16| (fully used ;%T’FF pairs) 51 2,402
(6] Zynq 7z020clg484-1 r4 16 1,039 836 - -
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