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TOM TAT

O badi bdo nay, thiét ké FFT 2048-diém dua
trén thudt toan CORDIC xoay goc thich nghi voi
do chinh xdc dau chém dong don dwoc thuc thi
trén FPGA. Thiét ké dwoc xdy dung va kiém tra
trén chip FPGA Stratix V cua Altera. Thuc
nghiém trén FPGA cho tan sé t6i da 102,55 MHz,

hiéu sudt 8424,382 FFTs/s, ¢ nghia trong mot
gidy thiét ké nay sé thiee thi dwoc khodng 8424
lan 2048-diém FFT, tai nguyén tiéu ton la 76.282
ALUTs va 15.687 thanh ghi. Két qua cho ra d¢
chinh xac 5,889E-06 sai s6 toan phwong trung
binh (Mean-Square-Error - MSE).

Tir khéa: FFT, CORDIC xoay gOc thich nghi, ddu cham déng don

MO PAU

Nam 1965, Cooley va Tukey lan dau tién
gigi thieu v& md hinh Fast Fourier Transform
(FFT) [1], mot phuong phap tinh nhanh cua
Discrete Fourier Transform (DFT). Ngay nay,
bién d6i FFT va bién ddi nguoc IFFT dugc xem
1a cbt 18i va duoc s dung rong réi trong cac hé
thong truyén théng va xir ly tin hiéu sé. Céc tng
dung c6 thé ké dén nhu WiMax [2], 3GGPLTE
[3], trong hé thdng truyén thong da phuong tién
MIMO [4], CDMA [5], hay xu Iy tin hidéu SAR
trong cac tng dung ra-da. Tuy nhién, thuat toan
FFT truyén thong khong du dé dap Gng céc yéu
cau cao nhu hién nay.

Thuat toan FFT dau chim tinh truyén thng
cho ti 1& 13i thip, téc do cao va chi phi thip. Bén
canh do, khi thuc hién ching s& bo qua céc bit c6
trong s6 thap nhét (Least Significant Bit - LSB)
trong tinh toan. Diéu nay phu hop Véi céc tng
dung khong doi hoi d6 chinh xac cao nhu cac hé
thong vé am thanh, truyén thong DVB-T/DVB,
WLAN [6]. Tuy nhién, cac hé théng ngay nay

khéng chi can d6 chinh xac cao ma con doi hoi
mién dit liéu 16n nhu cac hé théng xir Iy y khoa
nhu  Fourier-Domain  Optical ~ Coherence
Toomography (FD-OCT) [7] hay cac hé théng
truyén thong khong day. Dé dap ung yéu ciu vé
d6 chinh xac cao va mién dir liéu I6n, cac nghién
ctru vé FFT dau cham dong la can thiét.

Thuat toan FFT dau chim dong don duoc
chia ra Iam hai loai la FFT duya trén bé nhg (Mem
- FFT) [8, 9] va FFT tinh lién tuc (Continuous
Flow - CF-FFT) [10, 11]. Béi véi thiét ké Mem-
FFT sur dung it tai nguyén logic va dé twong thich
VGi cac hé théng c6 CPU duoc tich hop san.
Thiét ké bao gom cac bo tinh Butterfly, bo tao dia
chi, bs didu khién va cac khdi ving nhé. Trong
khi thiét ké dua trén CF-FFT cho cac vu diém vé
téc do, cd thé &p dung k¥ thuat pipeline cho ra
hiéu suit truyén 16n, nhung tai nguyén st dung
I6n. Thiét ké CF-FFT thuc hién cho FFT N-diém
6 cau tric logs(N) tang pipeline, trong d6 moi
tang gdm céac bo dém dich thanh ghi va céc bo
tinh Butterfly. Du kién tric dya trén CF-FFT hay
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Mem-FFT thi sy han ché vé téc do cua thiét ké
van ¢ tai bo tinh Butterfly hay chinh 1a cac bo
nhan sé phic (Twiddle Factor - TF). Hon thé
nira, dé cai thién do chinh xac cua thuat toan thi
TF dong vai tro chu chdt.

Thiét ké TF duoc chia ra 1am hai kién trac la:
thiét ké s dung bang tra (Lookup Table - LUT)
va cach tinh tryc tiép. Thiét ké FFT sir dung bang
tra LUT dé luu trit cac hang s6 dwoc tinh sin
trong ROM (Read Only Memmory) va cac hing
s6 nay duoc goi ra dé thuc hién tinh toan bo
Butterfly khi thich hop. Mot s cac thi du s
dung thiét ké nay duoc néu ¢ [12, 13], va [14].
Thiét ké FFT dya trén LUT cho d6 chinh xé4c cao
du hé théng st dung dinh dang dit liéu dau cham
tinh hay dau cham dong. Bén canh do, né ¢ do
tré thap va tai nguyén tinh toan logic twong ddi
nhé. Tuy nhién, han ché cua kién tric nay 1a dbi
v6i céc tinh toan FFT s diém 16n s& yéu cau
dung luong cuia ROM qua 16n, dan dén kho khin
cho viéc ASIC. C6 mot sb nghién ctru dua ra giai
phép vé van dé nay nhu [10] trinh bay giai phép
dé tbi thiéu yéu cau bo nhé cho CF-FFT [15], dua
ra thuat toan phan huay cay nhi phan dé téi thiéu
s6 luong TF duoc luu trir trong ROM. Vi vay,
kién tric FFT sir dung LUT chi pht hop véi cac
thiét ké FFT it diém. D6i v6i cac thiét ké FFT
nhiéu diém, giai phép tinh tryc tiép TF thuong
duoc sir dung hon. Phwong phap tinh TF tryc tiép
dugc dé xuit & bai bao nay dua trén sir dung
thuat toan COordinate Rotation Dlgital Computer
(CORDIC). Thuat toan ndy dugc d& xuat tir nim
1984 nhur [16], va cho dén nay van duoc tiép tuc
nghién ctu va cai tién nhu [8, 17], va [18].
Phuong phap CORDIC truyén théng dap tng tot
d6i voi kién trac FFT dau chim tinh do t6i wu
dugc cac phép nhan vé cac phép dich thanh ghi
va cong trir. Tuy nhién d6i vai kién trac FFT ¢
dang diu chdm dong, CORDIC truyén thdng
khéng tét boi viéc thiét ké cong trir khong don
gian va phai thuc hién tinh Iap nhiéu lan dé cho
ra két qua chinh xé4c. Vi vay s dung CORDIC

truyén théng cho thiét ké FFT dang diu chim
dong bi han ché vai @6 tré cao va hiéu suat thap.
Do d6, dé khic phuc han ché nay, mot thuat toén
CORDIC cai tién c6 d6 hdi tu nhanh 1a can thiét
va thuat toan CORDIC ca tién dugc ding & bai
bdo nay chinh Ia thuat toan CORDIC xoay goc
thich nghi.
O bai béo nay, thiét ké FFT 2048-diém dya trén
CORDIC xoay goc thich nghi véi do chinh xac
diu cham dong don duogc dé xuat va hién thyc
trén FPGA. Thiét ké sir dung kién trac FFT co s6
2 da duong (Radix-2 MDC). Thiét ké nay duoc
thir nghiém va kiém tra trén chip FPGA Altera
Stratix V. Két qua thuc nghiém cho thdy tin sé
t6i da 1a 102,55 MHz. Tai nguyén tiéu ton la
76.282 ALUTs va 15.687 thanh ghi. Hiéu suat
dat dugc 8424,382 FFTs/s, nghia 14 thiét ké duoc
thuc thi khoang 8424 Ian 2048 diém FFT trong
mot gidy. Do chinh xac cua thiét ké dwoc kiém
dinh bang viéc trién khai sai sé binh phuong
trung binh (Mean-Square-Error — MSE), phan
nghin ti 1& sai s6 cuc dai (part-per thousand — ppt
maximum error-ratio). Két qua thu dwoc la
5,889E-06 MSE va 2,456 ppt ti 1¢ sai s6 cuc dai.
NEN TANG KIEN THUC
Bién do6i nhanh Fourier

Bién d6i nhanh Fourier (Fast Fourier
Transform - FFT) 1a mot phuong phap bién ddi
nhanh cua Bién d6i roi rac Fourier (Discrete
Fourier Transform - DFT). Diéu d6 c6 nghia 1a
vé phuong phap va két qua tinh 1a twong tw nhau,
nhung diém khac nhau 1a FFT yéu cau do phuc
tap 1a Nlogz(N) trong khi DFT can dén N 2. Céng
thire FFT duoc cho béi phuong trinh (1).

X(k) = YN A xm)WE  k=0,1..N-1 (1)

Trong d6, x(n) 1a dir liéu ngd vao & mién lién
tuc thoi gian, X(k) 1a gia tri ngd ra & mién tan sd,
W 14 trong sé nhan va dwoc tinh theo cong
thuc (2).
W = exp (— jzr;]nk) = cos (znnk) -

N
2nnk

LONNe)

jsin(

Trang 173



Science & Technology Development, Vol 20, No.T4-2017

Bieén doi nhanh Fourier co so 2

FFT co s6 2 (Radix-2) 1a thuat toan co ban va
thong dung. Nho d6 ma thiét ké FFT co sb 2 ¢6
phan tiét kiém tai nguyén nho vao sy don gian
d6. Y tuong cua thiét ké Radix-2 1a chudi X(k) c6
N-diém dugc chia doi thanh chudi véi N/2 diém
chan X(2 m), va N/2 diém lé X(2 m+1), duoc tinh
doc lap. Khi d6 viéc thuc thi phuong phap Radix-
2 s& chuyén tir cong thic (1) sang st dung cong
thirc (3) va Hinh 1 1a thi du minh hoa cho thiét ké
FFT co s6 2 véi 8 diém.

(Zk) = z [x(n) + x(n + )] WN/2

n=0
21
X2k +1) = nzzo{[x(n)
= (o 3)] ity

Vi k=0,1..N2-1 A3)

Hinh 1. M8 hinh 8-diém FFT Radix2

Kién tric FFT da dwong

Hinh 2 thé hién ¥ tuong thiét ké da duong
(Multi-path Delay Commutator - MDC) mdi ting
c6 hai bo dém dix lieu, bo dém tht hai
(Shift_regs2) c6 dung lugng bang mot nira dung
lwong bo dém thu nhét (Shift_regsl), va bo dém
thir nhit co6 dung luong bing dung lwong b dém
thtr hai cua tang trudc d6. Trong thiét ké Radix2 -
MDC, dir liéu ngd vao sau khi dugc dém qua
Shift_regsl va tinh toan Butterfly sé cho ra hai

duong dix lieu. Mot duong dit liéu di thing dén
ngd ra, con duong con lai thuc hién viéc nhan sé
phic W rdi duoc dém qua Shift regs2 truge khi
cho ra két qua ngd ra.

iData
—>|
Pos

Hinh 2. Y tudng kién trac MDC

B¢ nhan sé phirc sir dung xoay goc thich nghi

Thuat todn bo nhan sé phuc xoay goc thich
nghi (Adaptive Angle Recoding CORDIC -
AARC) 1a phuong phap thay vi st dung hét tat ca
cac goc hang sé thi nd chi chon mot s goc trong
tat ca cac goc d6 ma thoi, nhung van dam bao dat
dugc két qua twong tu. Ap dung phuong phap
nay lam giam do tré va chi phi tai nguyén thap.
Vi du, néu chon mét goc 1a 25° vai 16 géc khong
dbi theo nhu Bang 1, thi chudi cac g6c cua bo
nhan CORDIC truyén thdng va chudi cac géc cua
AARC duoc biéu dién lan lugt & phwong trinh
(4) va (5), sai s6 cia CORDIC truyén théng 1
12,9E-04, trong khi sai s6 cua AARC la 6,99E-
04.
0p—0,+ 60,—0;—0,+05+065,+0,+ 05—
09— 010+ 011 + 015, — 013+ 01, + 60,5 =
24,998708138 (4)

0, — 05 + 0 + 0,5 = 25,000699597 (5)

9t g <i<N -2

2
0; . N (6)
L i<Ovai>N-2

ci =

Hinh (3) thé hién chuong trinh gid mo ta
céch thuc hién thuat toan AARC, ang véi mdi lan
Iap i chon mot géc 6i sao cho khi thyuc hién géc zi
s& hoi tu v& 0 nhanh nhat. Dé c6 thé lya chon
duogc gdc 6i, thuat todn nay dua trén khai niém
tham s C, dwoc tinh theo cong thirc (6) va duoc
thé hién ¢ Bang 1. Mdi lan xoay s& c6 mot hé s6
ki, d6i vaoi sb goc xoay c¢d dinh cua CORDIC
truyén thong thi hé s6 K tich liy 1a khong ddi,
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trong khi AARC thi chi chon mét vai goc xoay
nén hé sd K tich lily qua cac lan lap 1a khéng
gidng nhau. Hé sb ki tng véi lan lap tht i duoc
biéu didn ¢ Bang 1. Hay ndi cach khéc, thuat toén
AARC cho hé sb K dong thay vi hing s nhu

trong CORDIC truyén thong.

i=j=0zo=Ly=0K=1
while |z;| > ci5 and i < N do
if |z;] € (ci11:¢;] then
zjy1 = 25 — sign(z;)0;;
Tjp1 = x5 — sign(z;)y; 27"
Yi+1 = Y5 + sign(z;)a; 27
K=Kxk;j=j+1

end if

Bang 1. Cac gia tri 6, C, va K trong thuat toan i=i+1

AARC end while
_ X=u;xK,)Y=y; xK;
' 0 C K Hinh 3. Poan chuong trinh mé phong phuong phap
0 | 45000000000 | 35782525588 | 0,707106781 AARC
1 | 26,565051177 | 20,300647322 | 0,894427191 i i i
2 | 14,036243468 | 10,580629908 | 0,970142500 | HIEN THUC THIET KE
3 [ 7.125016349 | 5350675362 | 0992277877 | jan thye thibt ké FFT co sb 2 da duong
4 | 3576334375 | 2,683122491 | 0,998052578
5 | 1789910608 | 1,342542159 | 0,999512076 M@ hinh thiét ké FFT co s6 2 da duong (FFT
6 | 0895173710 | 0671393940 | 0,999877952 | Raqjx-2 MDC) 2048-diém duoc thé hién & hinh
7 | 0447614171 | 0,335712335 | 0,999969484 N TN i
8 0223810500 | 0,167858088 0,999992371 (4). Khi dir liéu truyen di gitra cac tang, viéc thuc
9 | 0,111905677 | 0,083929284 | 0,999998093 | thi cac bg tinh gilia cac tang khong chi trong mét
10 | 0,055952892 | 0,041964672 | 0,999999523 xung clock ma cé thé 1a nhiéu clock. Khi dit liéu
11 | 0027976453 | 0,020982340 | 0,999999881 | 140 dang dwoc thyc thi thi cac dit lidu dén sau
12 | 0,013988227 | 0,010491170 | 0,999999970 N T . A
13 | 0,006994114 | 0,005245585 | 0,999999993 | can duoc gitr lai cho thuc thi xong cac dur ligu
14 | 0,003497057 | 0,002622792 | 0999999998 | trudc. Vi vay, sir dung bo dém Buffer dé dam bao
15 | 0,001748528 | 0,000874264 | 0,999999999 | dit lidu dwoc truyén hoac giit diing thoi diém.

; T R oPosData

iData STAGE[™ C™ISTAGE™ | € [PsTAGE["[STAGE| [sTAGE oltegbiata

i |1 P 2 [Heecm 9 M 10 P 11—

Hinh 4. M6 hinh 11 ting ciia Radix-2 MDC 2048-diém

M6 hinh khéi cua mdi tang cua kién trac FFT
Radix-2 MDC dugc biéu dign ¢ Hinh 5. Nguyén
ly hoat dong cia mot tang duoc thé hién qua 4
phién hoat dong nhu sau:

Phién 1: Bit dau phién truyén, N/2 dir ligu
dau tién duoc luu vao bo dém Shift_regsl. Lic
nay khong c6 dir liéu ngd ra. Tai mdi xung clock,
phién truyén luén kiém tra cac tin hiéu diéu khién
xem ¢ tiép tuc truyén hozc giir dir ligu.

Phién 2: N/4 dir liéu tiép theo thong qua bo
dém Buffer dén gap truc tiép dit liéu bi tré & bo
dém Shift_regsl, thuc thi tai FloatButterfly cho
két qua phan (+) di thang dén tang tiép theo, phan

(-) duoc dua dén bo nhan sé phirc FloatW cho két
qua va duoc luu vao bo dém Shift_regs2.

Phién 3: N/4 dit liéu con lai dén gap dir ligu
tré & bo démsShift_regsl thyc hién tinh toan tai
FloatButterfly. Phan (+) tiép tuc di dén tang tiép
theo, trong khi phan (-) luu vao Shift regs2 dong
thoi ddy phan dir liéu cii duoc luu trong
Shift regs2 dén tang tiép theo.

Phién 4: Lac nay N/4 dir liéu cudi cung con
lai trong Shift_regs2 & phién 3 dugc dua dén tang
tiép theo dé két thic phién lam viéc cua toan quy
trinh.
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Buffer
iData '

Hinh 5. M6 hinh chi tiét ciia mot ting

Theo nhu md hinh dugc thé hién & Hinh 4,
c6 thé thiy duoc cac tdi wu ¢ tng dau tién, tang
ké cudi va tang cudi. Téi wu ¢ tang dau tién do dir
liu ngd vao la sé nguyén dang diu chdm dong
don 32-bit va chi c6 phan thyc, nén phan ao duoc
gan 1a 0, nho d6 t6i wu dugc bo nhan sé phic
triét tiéu di phan tinh sé ao.

T6i wu & tang ké cubi duoc mo ta & Hinh 6.
Theo kién tric Radix- 2, ting ké& cudi chi nhan
v6i Wj. Bo nhan Wj nay chinh 1a ddi chd va dao
dau gitra phan thyc va phan ao, nén thiét ké duoc
t6i wu thanh cac bo Multiplexer va dao dau, do d6
tiét kieém dang ké tai nguyén danh cho b nhan sé
phtrc & tang nay.

i e ke S S ‘oPosData
iPosData _; >3 .
iNegData ! FB w [:oNegData
S —_—

Hinh 6. M6 hinh t6i uu ting k& cubi

Téi wu ¢ ting cudi dugc thé hién & Hinh 7 do
kién tric ting cudi khong nhan véi W. Do d6
tang cudi chi thuc hién bo cong trx &
FloatButterfly va cho ra két qua cudi cting khong
thuc hién phép nhan sé phuec.

iPosData """~~~ """ °° :
-D ~ loPosDataI
iNegData - :oNegData'

Hinh 7. M6 hinh t5i vu ting cubi.

Hién thye thiét ké b nhan xoay goc thich nghi

M hinh thuat todn b nhan xoay géc thich
nghi — AARC duoc md ta & Hinh 8 bao gém bo
chon goc xoay (RotSel), bé cong (FALU_XY),
bo nhan hé sb tich liiy ki (Fmul_ki) va bo nhan
khtr hé s K va téi ru ngd ra (FmulK_Norm).

Bo chon goc xoay RotSel nhan di liéu tir ngd
VA0 iZ va tién hanh so sanh dé tim ra goc xoay
thich hop, cho dir liéu ngd ra gom cac thong tin

ctia goc xoay nhu dau, vi tri cia goc dugc chon
va goc d6 da 1a goc cudi cung hay chua, tng véi
Bang 1.

B6 cong FALU_XY nhan dix liéu iX, iY tu
duong dix liéu ngd vao cta bo nhan va géc xoay
duogc chon tir bo RotSel dé thyc hién viéc cong
tich lity. B6 céng cho ra duong dir liéu thuc oY
va phan 4o 0X duoc dinh dang 1 bit dau (sign), 8
bit phan mii (exponent), 24 bit phin gia tri
(mantissa).

B6 nhan hé sb ki Fmul ki duoc thuc thi dong
thoi cling véi bo cong FALU_XY. Ung voi mbi
1an 1ap, bo nhan FMul_ki nhan dit liéu géc xoay
duoc chon ¢ RotSel va cho ngd ra 1a hé s6 oK
dugc tinh tich Iy tir cc hé sé ki ung véi Bang 1.
Dinh dang hé sb K chi c¢6 24-bit mantissa khdng
can bit diu va phan mil. Nguyén nhén 1a do hé sé
K ludn 1a sé duong nén bit dau duoc luge bo
trong thiét k&. Ngoai ra Bang 1 cho thdy rang khi
i cang 16n thi K cang tién vé 1, do d6 gia tri K
khong thé vurot qua 1 bang viéc nhan tich liy. Vi
vay, Voi 24-bit mantissa 1a du cho biéu dién hé sé
K va gia tri phan mii c6 thé c6 dinh va lugc bo
trong thiét ké.

Bo nhan khir hé s6 K va téi wu ngd ra
FmulK_Norm nhan dit liéu ngd vao gom dir liéu
tr bo FALU XY va hé s6 K cua bo nhan
Fmul_ki. O day, FmulK_Norm tién hanh khir K
théng qua phép nhan nghich dao. Két qua sau khi
khir K dwoc quy chuan vé dinh dang IEEE754
v6i 32-bit dau cham dong gém 1 bit diu, 8 bit mii
va 23 bit phan gia tri.

iData Shift
Pos | regs1

Shift
regs 2

iData

Neg

Hinh 8. M6 hinh b nhan CORDIC st dung thuét toan
xoay gac thich nghi

KET QUA
Thiét ké kién tric FFT co sb 2 da duong
dugc xay dung va kiém tra trén chip FPGA
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Stratix V cua Altera. Két qua thyc nghiém dugc
trinh bay trong Bang 2.

Thiét ké cho tan s6 téi da Fmax Ia
102,55MHz véi toc do twong ung la 8424,382
FFTs/s, c6 nghia la trong mot gidy thiét ké nay
thuc thi khoang 8424 lan 2048-diém FFT. Tai
nguyén st dung trén FPGA la 76.282 tai nguyén
logic (ALUTSs) va 15.687 thanh ghi (Register).
Do tré cua thiét ké can 12.173 clock.

Déi véi @6 chinh xac, sai s6 binh phuong tdi
thiéu (Mean Square Error — MSE) va ti 1& 15i toi
da 1a cac thdng sb can thiét trong viéc danh gia
d6 chinh xéac cuia cac hé théng xir ly tin hiéu sb.
Thiét ké dugc dé xuat cho két qua thuc nghiém
v& d6 chinh x4c 1a 5,889E-06 MSE va 2,456 mdi
phan nghin - ppt ti 1¢ 18i téi da.

Béing 2. Két qua thyc nghiém cua kién tric FFT
2048-diém Radix-2 MDC

Cac thong s6 Két qua thyc nghiém
ALUTSs 76.282
Registers 15.687
Fmax (MHz) 102,55
Latency 12.173
Throughput (FFTs/s) 8424,382
MSE 5,889E-06
Error-ratio Max (ppt) 2,456

KET LUAN

Bai bao nay trinh bay vé thiét ké FFT 2048-
diém duya trén thuat toan CORDIC xoay goc thich
nghi véi do chinh xac diu chim dong don. Thiét
ké duoc thuc thi trén chip FPGA Stratix V cua
Altera. Két qua thuc nghiém cho thay, kién truc
nay cho do chinh xac cao véi 5,889E-06 MSE va
2,456 mdi phan nghin - ppt ti 18 16i ti da. Tan sb
ti da dat duogc 1a 102,55 MHz, hiéu suat thuc thi
dugc 8424 1an 2048-diém FFT trén mdi gidy. Tai
nguyén st dung cho thiét ké nay la 76.282
ALUTs va 15.687 thanh ghi. Két luan, thiét ké
FFT véi @6 chinh xac diu chdm dong don va st
dung bo nhan s phuc dya trén xoay géc thich
nghi c6 thé khic phuc duoc cac van dé vé do
chinh xac cao véi mién dix liéu 16n va do tré dugc
cai thién tét hon. Trong twong lai gan, dé tai co
thé thuc hién vai s6 diém tinh 16n hon thi du nhu
thiét ké FFT tir 128 dén 8192 diém. Ngoai ra,
thiét ké sau khi duoc thuc nghiém trén FPGA c6
thé tién hanh ASIC dé c6 thém céc két qua thuc
nghiém vé hiéu suat, d6 chinh xac ciing nhu tai
nguyén st dung trén chip.
Loi cdim on: Bai bdo la két qua hop tic nghién
ciru gita Phong Thi Nghiém DESLAB, Khoa
Dién tir - Vién thong, Truong Dai hoc Khoa hoc
Ty nhién — DHOG-HCM va Phong Thi Nghiém
VLSI, Truong Pai Hoc Pién tu - Truyén thong
(University of Electro-Communications - UEC),
Tokyo, Nhat Z}’dn. Nghién cuu L?M'O'C‘ tai tro boi
bBai hoc Quoc gia Thanh pho Ho Chi Minh
(PHQOG - HCM) trong khuén kho Pé tai ma so
B2017-18-05.
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An FPGA-based single-precision floating-
point 2048-points FFT implementation based
on adaptive angle recoding CORDIC

e Truong Thi Nhu Quynh
e Vo Thi Phuong Thao

e Hoang Trong Thuc

e LeDucHung

University of Science, VNU-HCM
ABSTRACT

In this paper, an FPGA-based single-
precision  floating-point ~ 2048-point  FFT
implementation is proposed, based on an
adaptive angle recoding CORDIC algorithm. The
design is built and verified on Altera Stratix V
FPGA chip. The implementation had 102.55 MHz

maximum frequency, throughput result of
8424.382 FFTs/s, and resources utilization of
76,282 ALUTs and 15,687 registers. The
accuracy results were 5.889E-06 (Mean-Square-
Error (MSE).

Keywords: FFT, adaptive angle recoding CORDIC, AARC, floating-point
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