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accuracy and optimum resources on FPGA technology
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Tom tat

Bai béo dé xuét giai phap do tin sb trong dai rong voi
d6 chinh xac cao va tai nguyén phan cimg FPGA t6i
thiéu bang cach sir dung cac bd bién dbi Furier nhanh
kich thudc nho két hop bé dao tin xudng sb. Giai
phép nay c6 thé ap dung trong nhitng hé thong do xéac
dinh tan s6 cac ngudn phat xa vo tuyén va lam tién dé
cho viéc xir Iy thong tin. Két qua thiét ké duoc kiém
tra bang cong cy System Generator for DSP 14.7.

Tir khoa: Po tan s6, FPGA, FFT, DFT, bo dao tan
xudng s6, DDC, CIC, CFIR, PFIR, DDS, Bo to hop
tan so truc tiép, System Generator.

Abstract:

This paper proposes solution of the wideband
frequency measurement with high accuracy and
minimum resources of FPGA chip using the Fast
Fourier Transform with small size and digital down
converter. This solution can be applied to estimating
the transmitting frequency in the radio systems and
applied as a basis for the processing of information.
Results of design were examined by the System
Generator for DSP Tool 14.7.

Keywords: Frequency measurement, FPGA, FFT,
DFT, digital down converter, DDC, CIC, CFIR, PFIR,
DDS, direct digital synthesizer, System Generator.

Ky hi¢u

Ky hi¢u Pon vi Y nghia

X(t), x(n) Tin hiéu va chudi iy mau

Xpase(t) Tin hiéu ¢ bang tan co s6

Xmix(t) Tin hiéu sau bo tron sb

X(K) Mau tin hiéu trén mién tan
s6 ctia FFT

Nuwb, Nnp Kich thudc cua bo FFT

dai rong va dai hep
A(t) Bién d¢ tin hi¢u

e W rad/s Tan sd cia tin hiéu va coa

sy Wddc
DDS trong DDC

P(t) Pha tin hiéu

AF, Hertz Dai tan sé tin hi€u quan
sat 16n nhat ctia FFT

AFup, Ay, Hertz Do phan giai tin sb cua
FFT dai rdng va dai hep

Af Hertz Sai s6 cua phép do

VCCA-2015

X Phép toan chia x cho y lay
y phan nguyén
y(n) Tin hiéu d4u ra bo loc
h(n) Pép ing xung ctia bd loc
H(2) Pap tng cua by loc sb
trong mién Z
H(w) Dap tmg tan s6 cua bo loc
Chir viét tat
FFT Fast Fourier Transform
DFT Discrete Fourier Transform
DDC Digital down converter

CIC Cascaded Integrator-Comb filter

CFIR Compensation filter

PFIR Programmable filter

DDS Direct Digital Synthesizer

FPGA Field-programmable Gate Arrays
| In-phase component

Q Quadrature-phase component

1. Phan mé dau

FFT di duoc 4p dung rat rong ri trong xur 1y tin hiéu.
Phép bién d6i FFT nay cho ra cac thanh phan tin s6
mang trong tin hi¢u. Vi vay, dé xac dinh tan s trung
tam tin hiéu nguoi ta cling st dung FFT cho viéc tim
kiém thanh phan tan s tap trung ning lugng cao nht.
Tuy nhién v6i dai tin rong hang trim MHz, viéc do
dac cho d¢ chinh x4c hang trim Hz yéu ciu kich
thuéc FFT phai rat 16n ¢& hang tridu diém. Voi kha
nang tinh todn va tai nguyén ciia FPGA méi nhat hién
nay (Virtex UltraScale+ FPGAS) cho phép thuc hién
FFT véi kich thudc t6i da 64K diém. Dé khic phuc
han ché nay, bai bao dé xuét giai phap tinh FFT hai
budc kich thude nho két hop véi bo DDC: Sir dung
FFT xac dinh tin s§ nim trong dai rong dé diéu chinh
dai hoat dong hep cho by DDC tach ra dai tin hi¢u
quan tdm. Sau d6 bd FFT tht hai tiép tuc xac dinh tan
s6 chi trong dai hep dugc dura ra boi bo DDC.

2. N6i dung chinh
2.1 Phép bién dbi FFT
FFT la thuat toan hi¢u qua vé mat tinh toan trong viéc
tinh DFT khi kich thuéc 14y mau dé bién ddi Furier 1a
lily thura cia 2:
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N-1
X(K)=>"x(n)e ™*N k=0,1,...,N-1 (1)
n=0
bat:
W =g 127N @)

Goi 1a hé s pha, gid trj 1a hang s6 doi véi timg kich
thudce cu thé cua FFT.
Thay the (2) va (1) chiing ta nhan dugc
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H.1 Lwoc do tinh FFT 8 diém

Khoang l4y mau ciia FFT trong truong hop nay ciing
chinh 1a d6 phan giai tin s6 hay la d6 chinh xac xéac
dinh tan s6. P6i véi FFT quan sat dai rong AF, ta c6
d0 chinh xac:

AF,

AF,, =25 4

wh N ( )

Déi véi FFT thyc hién quan sat dai hep, khi nay

khoang tan sd quan sat chi nim trong khoang tin sO

lqy mau AF,, cia FET dai rong nén d¢ phan giai tan
s0 dugc tinh:

wh

X () = X(D)-Xeqs () = X, (©)COS(et) — X o () SiN(etrt)
= X, (t) cos(w,t).cos(wyst) — Xq (1) Sin(w;t). cos(wyy t)

= % X, (t) cos(wgt —wyqet) — X (B) sin(w,t

% X, (t) cos(w,t + wyyt) — Xq ®)sin(wt +wyget) + 1] %

Xgqe (1) = % X, €08(wyt —wyget) — Xg sinwt
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.1 .
— Waget) +J§ X, (@®)sin(w,t
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Nnb

Do sai s6 cua phép do sau viéc tong hop tan sb xac

dinh duoc tir hai dai FFT nay duwoc xac dinh bdi do

phén giai ctia FFT dai hep:

AF,

AF, =

+Af =

(6)

2.2 K¥ thuit dio tin xudng sb

B6 dao tan xudng s6 duoc Gmg dung trong tit ca cac
hé théng vO myén. B6 DDC thyc hién chon ra dai tan
quan tam dé chuyén vé dai bang tan co sO va giam tan
s0 lay mau phi hgp vé6i bang tan nay.

Cu thé ta xét tin hiéu ¢ bang tin co s gdm hai thanh
phan I va Q:

Xbase (t) = XI (t) + JXQ (t) (7)
Tin hiéu nay dugc phat v6i sdng mang c6 tan sb Wy
Xgs (1) = cos(wyst) + jsin(w,t) 8)

Nhu vay, tin hi¢u phat di c6 dang:

Re Xy Xyt = X, (t) COS(wyt) — X (B)sin(wt) (9)
Gia sir tn s6 w, nam trong dai lam vigc AF, cta
thiét bj thu dai rong. Thiét bi thu chon 14y dai tan lam
viéc nay va dua vao bd xac dinh tan s6. Tan s6 w, CO
thé bién ddi vé tan s6 ws néu can thiét. Trong truong
hop d6, dé xac dinh tan sé wy chung ta chuyén qua

xéac dinh tin s ws. Tin hiéu nay téng quat co thé duge
biéu dién dudi dang:

X(t) = X, () cos(w,t) — X4 () sin(w,t) (20)

Tén sb thiét lap cta bd DDS trong DDC 1a wqge dugc
diéu chinh boi dai lya chon tir FFT dai rong.

s () = XD J(wyae ) = COS(wyet) + JSin(wyget) (11)
Tin hiéu dau ra cua bd tron sb trong DDC dugc xac
dinh theo (12) va sau cac khau loc thong thap giam
mau, tin hiéu du ra cia DDC nhéan dugc nhu phuong
trinh (13). T phuong trinh nay chung ta nhan thay,
dau ra cua DDC nhén dugc tin hiéu co phé 14 hiéu cua
tan sb tin hiéu dau vao va tan sb duoc tao ra bai bd
DDS.

Vi du trén H. 2 thé hién qua trinh xtr Iy cia DDC véi
tin hiéu c6 dai thong 250KHz va sébng mang 3.2MHz.

C0S(wyget) + JSIN(wyect)

—J X, (1) cos(ew,t).sin(wsyt) — Xq (1) sinew,t) sinwyg t)

— wyaet) + X (B) cos(wit —wyeet) +

X, (O sin(wt 4 wyget) + X (©) cos(w t +wyee ) (12)

X, sin(wt — wyg t) + X cos(wgt (13)

— Wyget)



Hoi nghi toan quéc 1an thir 3 vé Didu khién va Ty dong hoa - VCCA-2015

250kHz
-
8 A A A adl ADA " "‘,/‘: / A A A Ao A
2 'h‘\./'s"l v‘\‘.‘\/‘ /""V |‘ v'l‘ /""l\" .',',-\../'»..J‘J‘\”/ I’ "\" X0 'rl ‘ \ “' i A " ,"‘ ‘ Al N "/‘v/‘"‘
£ Y |
o
g |
T |' > o
0 3.2MHz 8.4MHz 2
-
g
X Low Pass =
o
@ > Digital Filter /o' 125kHz 1MHz  2MHz
f = 12.8MHz T
3.2MHz<0sine
|
L \ I
8 A, g
'E; J\\/\/"J\._‘A/\_A-,n/\ J’j-\r_ Ao o ol v l"/\/'/‘- %
2 ‘ =
WMHz  2MHz MHz  4AMHz  SMHz  BMHz 0 125kHz 1MHz  2MHz IMHz  AMHz  SMHZ
frequency frequency
H.2 M6 ta qua trinh xit Iy tin hiéu trong b6 DDC

Tu nhitng phan tich co ban trén, vé mat k¥ thuat c6
thé thuc hién cau tric cua bo DDC nhu trén H. 3.
Transialior ' Fidtaring
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H.3 M6 ta qua trinh xu Ly tin hiéu trong by DDC

bé c6 duge tan s6 16i ra hé théng quan sat 6n dinh khi
thtr nghiém cling nhu bao dam qua trinh xur 1y trong
bd DDC, chung ta gia thiét may phat c6 do on dinh
tan sé phat cao.

B loc sb c6 dap tmg xung hiru han FIR tong quat 1a
mot hé théng $6 dugc md ta bdi phuong trinh sai
phan:

Y = > wx(n-k)

Hodc thé hién dudi dang dap tmg xung (xem H. 4):

(14)

N-1
y(n) = > xh(n—k) = x(n) <h(n) (15)
k=0
X(n) J W) ‘I i) .
H.4 M6 ta bé loc s6 theo dép img xung
N-1 w,,0<n<N
h(n)=>» wdé(h—k)= 16
(n) k;k( )= {O,ngo,N) (16)
1Ln=0
6(n)= 17
(n) {O,nzo (17)
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Thong qua phép bién d6i Z phuong trinh (15) ching
ta nhan duoc:

Y(z)=X(2).H(2) (18)
Két hop véi bién doi Z phuong trinh (16) suy ra:
Y(2) ok
H@)=-5=> "Wz (19)

X(2) =
Tir do co thé téng quat cau trac chung cua b0 loc FIR
bao gom cac khau MAC (nhu trén H. 5 thé hién bo
loc FIR béc 4).

-
x{k)
; v

Waw <) g e wi x| Wy < )
mac i
; e X 1 = ‘ - .
ey Th -v--,'»v——-’_-)--l;'f——ﬁu—..--—»y[K)

H.5  Céu tric chung cuia bé loc FIR bdc 4

Tuong tu, st dung phép bién d6i Furier roi rac cac
phuong trinh (15) va (16) ching ta nhan dwoc dap
g bién do tin sb cua bod loc FIR:

HE) =0 = 2w

bé xay dung b loc sé, chung ta can téng hop dap
ung xung h(n) hodc dap ung tan s6 H(w).

(20)

B¢ loc CIC thyc hién loc thong thﬁp va c0 kha ning
giam toc d§ mau 16n nhat ma van bao toan thong tin.
CIC c6 dap ting trong mién Z dua ra:

H(z)=[1 11] 1-zR

Tuy nhién CIC khi lam viéc truc tiép & tan s6 1dy mau
dau vao va thyc hién giam tdc do ldy miu rat 16n nén
dac trung bién d¢ - tan s6 cua CIC c6 do déc trong dai
thong la kha 16n (xem H. 7). Do do, b loc CFIR véi
dap ung bién do tan sb dang Invert Sine dugc stir dung
dé bu lai do déc dic tuyén cua bo loc CIC.

(1)
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Padp img bién dg - tan s6 bo loc CFIR
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H. 10 Ddp iing xung cua b loc CFIR

Dic tuyén bién d6 - tin s6 (xem H. 9) cua bo loc
CFIR thiét ké c6 dang nang Ién.

Dic tuyén két hop ctia CIC va CFIR & phan dai thong
lya chon (xem H. 11) c¢6 d6 dao dong cang nhd cang
tdt sao cho tin hiéu khong bi suy hao.
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H. 11 Bdp iing bién ds - tan sé két hop ciia CIC va CFIR

Do mong muén c6 dic tuyén két hop cua bo loc CIC
va CFIR bang phing trong dai thong, tan s6 cit cua
dac tuyen két hop nay nam rat xa khoi dai thong. Vi
vy, de dat dugc dic tuyén tong hop cua cac bo loc
gan giéng véi dang hinh chit nhat, b6 loc PFIR tiép
tuc duogc st dung dé hiéu chinh tin sb cit cho hé
thong.

Tir nhitng phén tich trén, mo hinh chi tiét cho bg DDC
trén chip FPGA (xem H. 12) can sir dung ca ba bo loc
Ia CIC, CFIR va PFIR.
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H. 12 MG hinh chi tiét ciia b6 DDC trén chip FPGA
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Bo6 DDS thuc hién tao tan sé diéu chinh dai lwa chon
cho b6 DDC. Mo hinh thuc hién cta DDS thé hién
trén H. 13.

sine
i iP'. [ 5o
output
Step ==
address
—{ Accumulator
Sze [0 o TOY )
| ' cosine
output
fnaada - 3

H. 13 M6 hinh thuc hién bo DDC trén chip FPGA

Dau vio b tich lily pha theo so dd trén H. 13 duoc
tinh todn dya trén dai lya chon cua FFT bang rdng.
Tin hiéu tir dau ra cia DDS duge doc tir bang tra luu
trit gid trj cAc mau cua sine va cosine trong bd nhé
ROM nhu dugc thé hién trén H. 14.

address amplitude

L, RS Ll
00001 000D 0000
Wamory Locations 0001! D011 0001 \
N=2"= 1€ 0010} 0101 1011 Y
po11! 0111 0110 \
0100] 0111 1411 1]
2101 /
| 10 o~

1010 6101 "\
1111 M0 1 \

H. 14 Tin hiéu sine va cosine duwoc tao tir bo DDS

2.3 Céc két qué thir nghiém ciia thiét ké
Giai phap thiét ké dé xuat (xem H. 15) c6 thé ap dung
cho céac chip FPGA tai nguyén nho.

Céc tham sb thyuc hién thir nghiém cho giai phap thiét

ké nay nhu sau:

e Dai tan s6 quan sat ciia FFT dai rong: 0-100MHz.

e Kich thuéc FFT dai rong va dai hep: 1024.

e Tin hiéu can xac dinh tan sd 1a tin hiéu hinh sin
véi tan s6 24MHz.

Két qua tinh toan véi cac tham s6 thir nghiém:

e Do phan giai tan s6 cta FFT dai rong:
100MHz

1024
. Tﬁn sé do dugc boi FFT dai rong (ciing 1a tin sb
dé thiét 1ap ctia DDS trong bd DDC):

24MHz

97.65625KHz

e Tn sb can x4c dinh d6i voi FFT dai hep:
24MHz — 23925.78125KHz = 74.21875KHz

e Do phan giai tan s6 cua FFT dai hep:
97.65625KHz

1024

e Tan s do duge boi FFT dai hep:

\74.21875KHZ
95.36743Hz

Két qua tinh toan tir mo hinh thiét ké (xem H. 15)

nhéan duoc:

e Diu ra cua DDC nhéan dugc 1a phé vach véi tin
s6 xap xi 74KHz (xem H. 16)

e Tin sb tinh toan dwoc boi FFT dai rong la:
23925781.25Hz

e Tin sd tinh toan dugc boi FFT dai hep la:
74195.859375Hz

e Tong hop tan sb tinh toan dugc boi hai FFT nay
la;: 239999977Hz

Theo cong thire (4), tan s6 tim duoc tir mo hinh thiét

ke:

=97.65625KHz ;

% 97.65625KHz = 23925.78125KHz

~ 95.36743Hz

% 95.36743Hz ~ 74195.86Hz

239999977 + 47.7 (Hz)
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VN I
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Generator DbDC FFT dai hep

H. 15 MG hinh chi tiét ciia b6 DDC trén chip FPGA
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Nhén xét:

e M5 hinh thiét ké d& xu4t nhan duoc két qua tinh
toan pht hop véi gia tri can tim.

e Hg thong xéc dinh dugc tan s voi do chinh xéc

rat cao.

B Frogquency messcremertPac Sn h ses 102 = ) i
Film View Ams  Cheensh  Windso Hilp .
EREBX

2
)

o0

Magntuds-squared. ¢8
-1

i ™ a0 o0 80 100 130 & 160 183
Fregquency ()

H.16 Phé dau ra ciia DDC

3. Két lugn

Bai bao di dé xuit va thir nghiém mé hinh do tan sd
tin hiéu véi d§ chinh xac cao phu hop véi cac chip
FPGA hién co, dac biét ap dung cho ca cac chip
FPGA tai nguyén nho va rat nho. Giai phap nay co thé
ap dung xac dinh tin sé khong can dén cac may do
phan tich phd. M6 hinh nay c6 thé de xuat ung dung
trong cac hé thong trinh sat, do bam tan sd.
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