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Tom tat:

Trong bai bao nay, trudc tién cac tac gia nghién citu cac phuong phap tach muc tiéu rada di déng truyén
théng, sau d6, cac tac gia dé xuat phuang phap két hgp tich Iy tuong quan va loc sé cho tin hiéu rada
c6 diéu tan tuyén tinh (Linear Frequency Modulation - LFM). Cac két qua thuc hién bang cong cu System
Generator va thi nghiém trén FPGA cho thay kha nang trién khai thuc té€ phuong phap dé xuét.

Tu khéa:
Hé théng rada diéu ché tan sé tuyén tinh, tich [y tuong quan, bé loc s6, bd phat hién muc tiéu rada dich
chuyén.

Abstract:

In this paper, the authors first investigate traditional methods for detecting moving radar targets, and
then propose a approach which combines correlation accumulation and digital filtering for radar signals
with linear frequency modulation (LFM). The implementation results via the System Generator tool and
FPGA testing demonstrate the practical feasibility of the proposed method.

Keywords:

Linear frequency modulation radar system, correlation accumulation, digital filter, moving radar target
detector.

1. GIGI THIEU CHUNG Trong nhimg nim gan ddy, viéc nghién ctu va thir

Ngay nay, céc thi & bay khong ngudi 14 UAV nghiém cac thuat toan xu 1y tin hiéu rada dicu tan

(Unmanned Aerial Vehicle) va cac thiét bi bay c&
nho nhu FlyCam dugc tng dung va st dung rong
rdi trén nhiéu linh vuc doi sdng xa hoi, gop phan
tich cuc vao su phat trién x4 hoi. Tuy nhién, ching
cling dem dén nhiéu mat trai khi bi loi dung dé
tién hanh mot sb hoat dong gay nguy hai t6i qudc

tuyén tinh LEM dang duoc quan tim manh mé& nho
vao kha nang phat hién muc tiéu ¢ cu ly xa hon
ddng thoi ciing ¢6 kha ning phan biét cao hon theo
cu ly [1]-[5]. Trong sb d6 c6 nhiéu thudt toan hiéu
qué duoc trién khai img dung thuc tién trong cac dai
rada hién dai. Dac biét, nho vao giai phap dé xuat

phong an ninh, an toan hang khong va trat tu xa
héi. Do do, viéc phat hién UAV, FlyCam va cac
van dé xir 1y tin hiéu tng phé véi hoat dong cia
chung 14 chii dé mang tinh cap thiét.

trong [5, 6], may thu rada c6 thé phan biét dugc cac
d6i tuong bay dén 2—3m (xem Hinh 1), pht hop cho
viéc phat hién céc thiét bi bay khong ngudi 1ai UAV
cd nho va FlyCam.
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Hinh 1.Tin hiéu thu rada LFM phan xa tu 3
muc tiéu sau nén xung [5]

Tuy nhién, cac UAV ¢& nho va FlyCam chu yéu
bay ¢ d6 cao thép, dan dén tin hiéu thu rada bao
g6m khong chi tin hiéu phan xa tir cac muc tiéu
can quan tdm, ma con cac tin hiéu tuor dia vat )
dinh nhu mat dat, cay cdi, ddi nui hay cac cong
trinh xay dung, ...) va tir cac dbi tuong chuyén
dong cham (vi du, dam may chuyén dong vai toc
d6 gio, chim troi, ludng khi thai tir cdc nha may,
...). Tin hiéu phan xa trén dugc goi chung 1a nhiéu
ti€u cuc hay nhiéu dia vat va d6i khi chung che
lép muc tiéu hién thi trén cadc man hinh hién song
chuyén dung gay kho khan cho viéc quan sat, xu 1y
tin hiéu va dua ra quyét dinh can thiét. Chinh vi thé
yéu cau dit ra 1a can phai tach duoc thong tin ciia

muc tiéu quan tAm tir cac loai nhiéu nay.

Céc muyc tiéu khi chuyén dong s& tao ra trong tin
hiéu thu mot luong tan sb thay doi boi hiéu tng
Doppler [6, 7]. Dia vat c¢6 chuyén dong tuong dbi
bi gidi han so voi rada nén ton tai su khéac biét vé
luong tan s6 Doppler giita muc tiéu quan tim véi
dia vat khong mong mudn. Cu thé 13, mat do phé
cong suat cta tin hiéu thu sé& tap trung xung quanh
tan s6 DC f= 0. Tuy nhién, di v6i cac rada co
LFM, tin hiéu phét vao khong gian c6 tan sb thay
dbi, didu nay twong duong véi viée tao ra sy dich
chuyén tuong dbi giita dai rada va dia vat, do do
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gay kho khan cho viéc tach tin hi¢u cua cac muc
tiéu di dong tir dia vat voi cac phuong phap truyén
théng [6, 7].

Bai bao trinh bay cic phuong phap s6 tach muc
tiéu rada di dong (TMTDD) va dé xuat phuong
phép hi¢u qua TMTDD cho rada st dung tin hi¢u
buc xa can lién tuc c6 diu tan tuyén tinh, trién
khai thir nghiém phuong phép dé xuét trén FPGA.
Phuong phép dé xuét c6 kha nang ap dung cho cac
hé thong rada LFM hién dai ngay nay, xtr Iy dugc
voi tin hiéu phan xa trt UAV, FlyCam khi c6 cac
phuong phap nén xung thich hgp.

Céu triic cac phan tiép theo ciia bai bao bao gdm:
phan 2 phan tich mét s6 phuong phap s6 tach muyc
tiéu rada di dong lién quan va dé xudt phuong
phap tich lity trong quan két hop loc s6, phan 3
thir nghiém phuong phap dé xuét trén phan cing
FPGA va phan 4 dua ra két luan cta bai bao.

2. MOT SO PHUONG PHAP SO TACH MUC
TIEU RAPA DI DONG VA PHUONG PHAP
TiCH LOY TUONG QUAN

2.1. Cac phuong phap sé tach muc tiéu di
déng truyén théng

Céc phuong phap sd tich muc tiéu di dong
(TMTDBD) truyén thdng c6 thé chung quy lai vé
mot hé théng sb chung hoac dudi dang bo loc sb
dugc mé ta bang phwong trinh hiéu sb:

L M
y(n)=D a(dx(n—-i)=Y b(i)y(n—i) (1)
i=0 i=1
trong d6 x(n) 14 tin hiéu dau vao ¢ thoi diém thin,
y(n) 14 tin hiéu dau ra & thoi diém thir n, a(i), b(i)
1a cac hé sb trong s6, L 1a bac cua b loc.

Khi mot trong céc hé s6 b(i) # 0 thi (1) s& md ta bo
loc hoi quy (IIR), trong do, tin hiéu dau ra khong
nhiing chi phu thudc vao tin hiéu dau vao & thoi
diém hién tai va cac thoi diém trude d6 ma con
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phu thudc vao ca tin hiéu dau ra & cac thoi diém
trede. Khi tit ca cac hé sé b(i) =0 thi (1) tré thanh:
L
y(n) = z a()x(n—1i)

i=0

1

(2)

b loc nay goi 1a bd loc khong hdi quy (FIR), tin
hiéu ra chi phu thugc vao tin hi¢u dau vao.

Thuyc hién bo loc hoi quy can s6 khau loc it hon so
v6i thue hién b loc khong hoi quy c6 dac tuyén
tuong duong véi né. Tuy nhién, bo loc khong hoi
quy luén 6n dinh, trong khi d6 bo loc hdi quy sir
dung phan hoi d& mat 6n dinh va sai s6 tich luy [1].

Co sé dé tach muc tiéu di dong 1a dua vao su dich
chuyén tan s6 Doppler trong tin hiéu thu duoc so
v6i tan s6 song mang. Dich chuyén tan sé Doppler
duoc xac dinh b@ing biéu thuc:

2v
f=t= f =+

: = (3)

Trong do, ¢ 1a véan toc anh sang, v 1a van toc muc

ti€u, f, va X 12 tan s6 va budc song tin hi¢u.

Péu vao bd
loc MTDD

1

— f=0 ml_]cI tidu i Tén sé
|
Dic tinh |
BDTS bd loc |

b)

-+ f=o | 5 Tan sb
Piura bd |
loc MTDD |

| ©)

|

1! L -

% J=0 L Tén s6

Hinh 2. Qua trinh loc theo phuong phap tru
qua chu ky. (a) Phé tin hiéu phan xa; (b) Pac
tinh bién dd tan sé bd loc; (c) Phé tin hiéu
daurabéd loc
Céc loai nhiéu c6 tan s thap, quanh ving tan s6 0
nén cic bd loc @& TMTDD c6 dic tinh thong dai

[1]. Mot dang cu thé bo loc dung dé TMTDD c6
thé tim thay trong cac dai rada hién nay la cac bd
loc so/twong tu theo phuong phép trir qua chu ky
(Hinh 2) [8].

Céc bo loc sb cling co thé thuc hién hiéu qua b'fmg
bién d6i Fourier rdi rac (DFT) [1], [2]. DFT thyc
hién bién d6i chudi N gia tri roi rac x(n) trong
mién thoi gian thanh chudi X(%) trong mién tan sd.
N-1
X (k)= Zx(n)e—jnkZﬂ/N (4)
n=0
Ban chat phép bién d6i DFT chinh 1a thyc hién N
bang loc s6 mac song song khong hdi quy (Hinh
3). B0 loc muc tiéu di dong theo phuong phap loc
s6 bang bién d6i Fourier duoc chi ra & Hinh 4 cho
phép diéu chinh dic tinh bién d6 tan sd ciia bo loc
theo yéu cau nhd ham cira so.

2.2. Phuong phap tich lay tuong quan dé xuat
cho tach muc tiéu di dong

Phuong phap loc s6 ding DFT ¢6 uu diém thuc hién
duoc b loc ¢b dac tuyén bat ky. Tuy nhién, nhugc
diém cua n6 1a sit dung cip DFT/IDFT lam ting
dang ké do phuc tap tinh toan va tré.

Dua trén tinh don gian cia phuong phap bu qua
chu ky, bai béo dé xuat phuong phap tich liiy tuong
quan két hop FFT. Qué trinh tich lity gom 64 chu ky
va mdi chu ky ldy mau 512 diém dugc mé ta ¢ Hinh
5 voi cée bude sau:

- Trong mdi mot chu ky quét khong gian rada, cac
mau tin hiéu duoc ghi vao bo nhé theo chiéu doc;
- Trong céac chu ky quét khong gian rada, tin hi¢u
duogc ghi vao bo nhé theo hang;

- Qua trinh doc ra dugc thuc hién tuan tu theo hang

roi dwa sang loc s6 bang cap FET/IFFT.

Nhu véy sau qua trinh tich Ity tin hiéu muc tiéu
s& c6 dang dao dong theo tan sé Doppler con
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Hinh 4. Bé loc sé dung FFT va dac tuyén bién dé tan sé ham cita sé Hamming

nhidu c6 gia tri gan nhu khong doi trong mot
khung, vi thé khi thyc hién phan tich phd bang
phép bién dbi FFT thi phé ctia muc tiéu s€ bi léch
khéi vach phé trung tdm mot lugng b@ing tan sb
Doppler con nhiéu s& cé phd trung vé6i vach phd
trung tam.

Dé kiém tra thuat toan cta bo tich Iy, gia thiét tin
hiéu phan xa vé tir muc tiéu bay ra xa dai va tin
hiéu dia vat. Tin hi¢u phan xa vé tir muc tiéu co
pha dugc xac dinh nhu biéu thirc (5) (4p dung cho
loai tin hi€u burc xa rada phtic tap nhu tin hi¢u can
lién tyc, tin hiéu co diéu tan tuyén tinh,...nhung
cling phu hop vdi ca loai tin hiéu rada don xung),
v6i R1 1a cu ly ban déu cua myc tiéu, g =B/71a
hé s6 LFM, B 1a d¢ di tan, 7 1a d6 rong xung. Khi

d6 tan sd tire thoi cua tin hiéu phan xa dugc xac
dinh nhu biéu thic (6).

Tin hiéu dia vat c6 thé duoc tao ra giéng nhu ddi
v6i trudng hop muc tiéu ding yén. Tong hop tin
hiéu phan xa tir muc tiéu va cac dang nhiéu sau
nén xung (thudng nén xung bang bo loc phdi hop)
dugc dua vao bd tinh iy twong quan.

Qua trinh ghi gitra cac chu ky
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Hinh 5. Qua trinh ghi va doc ctia bo tich lay

tuong quan
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3.THU NGHIEM TREN PHAN CUNG FPGA

Dé danh gia thiét ké trén phan ctng, trong cac thir
nghiém di sir dung 3 bo mach phat trién: Xilinx
Kintex-7 FPGA KC705 Evaluation Kit, Analog-
to-Digital Converter (ADC) board TSW1400
va Digital to Analog Converter (DAC) board
DAC34SH84EVM (Hinh 6).

Tin hiéu dau vao bo tich lily gom tin hiéu phan
xa tor muc ti€u va dia vat sau nén xung bﬁng loc
phéi hop duoc phat tir FPGA qua DAC 1di dua
vao ADC. Cac tham sé duoc thiét 1ap trong thir
1/8 £,, véi f, 1a tan so
13p lai cta tin hi€u. Thoi gian gitr cham phan xa

= llus ’ z.diavat = 3/'1S

nghiém: Tan s6 Doppler f=

T

muctieu

Hinh 6.Thiét lap phan cliing thi nghiém

Thuyc hién mo phong trén Matlab, tin hiu tao gia
muc tiéu di dong va dia vat sau khi qua bd loc phéi
hop thé hién nhu Hinh 7. Ta thdy rang, tin hiéu
phan xa tor muc ti€u sau qua bd loc phéi hop 1a
xung nén xuat hién trude dia vat (nghia 1a muyc tiéu

nam gan dai rada hon) va cé bién do thay doi voi
luong tan sb Doppler, con tin hiéu phan xa tu dia
gan nhu khong  doi.

vat ¢c6 Dbién dd

T'n hiéu muc tiéu va dia vat sau loc phbi hop
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Hinh 7. Tin hiéu muc tiéu va dia vat sau khi
loc bang b loc phéi hop

Tin hiéu sau nén xung bang loc phdi hop s& duoc
tich lily tuong quan va phén tich phd. Két qua kiém
tra trén System Generator trén Hinh 8 cho thiy
tin hiéu trude tich 1y twong tmg véi mo phong
Matlab trén Hinh 7, trong do, tin hi¢u phan xa vé
bao gdm tin hiéu ctia myc tiéu c6 gia tri thay doi
va cua dia vat it thay doi. Sau tich lity, tin hiéu cua
muc tiéu va ctia nhiu dia vat duoc tach biét tai
cac vi tri thoi gian twong Gng vai cu ly cia chung.
Hinh 9 1a doan tin hi¢u m¢& rdng & hai vi tri tuong
ung voi myc tiéu va nhiéu dja vat. Ttr Hinh 9 c6
thé théy, tin hiéu cua muc ti€u tai cac khung tich
lily 64 diém dao dong theo tan sé Doppler (bén
trai) con tin hiéu dia vat gan nhu khong do6i (bén
phai), diéu d6 cho thiy sau qua trinh tich liiy tuong
quan thi tin hiéu phan xa tr muc tiéu di dong va
tur dia vat khac nhau 16 rét hon tao co so tang hiéu
qua cho loc s6 TMTDDP.

Hinh 10 biéu dién phd cua tin hiéu phan xa dugc
mo rong tai hai thoi diém tuong tng thu duoc
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clia muc tiéu va dja vat. Pho tin hiéu phan xa tir
muc tiéu ¢6 vi tri 1éch so vdi tan s 1ap lai xung
tham do khong gian mot lugng tuong tmg voi tan
s6 Doppler. Trong khi, d6i véi tin hiéu phan xa tir
nhiéu dia vat, phd tap trung xung quanh tim cac
vach phé theo tan s6 13p lai ctia xung tham do. Nhu

(ISSN: 1859 - 4557)

vdy théng qua viéc phan tich phd tin hiéu phan xa
bﬁng khdi FFT c6 thé tach duoc tin hiéu phan xa
tir muc tiéu khoi nhiéu béng cic ham cura s6 loc
truyén thong. Ngoai ra, tan s Doppler ciing cé thé
dugc tinh toan dwa vao mirc dp léch ciia vach

pho tin hi¢u muc tiéu so voi xung dong bg.
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Hinh 9. Tin hiéu muc tiéu (bén trai) va dia vat (bén phai) sau tich liily khung 64 diém
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Hinh 10. Phé tin hiéu muc tiéu (bén trai) va nhiéu dai vat (bén phai) sau tich lay

Hinh 11. Ph& tin hiéu muc tiéu (bén trai) va nhiéu (bén phai) sau tich lily thirnghiém trén
FPGA
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Hinh 12. Dang phé (phia trai) va dang tin hiéu (phia phai) cia muc tiéu va dia vat truéc va
sauloc sé
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Cac két qua thuc nghiém trén FPGA trén Hinh Bang 1.Hésd chéap K_ cia mot s6 phuong phap

11 hoan toan twong tmg véi két qua danh gia trén

System Generator trén Hinh 10. Trén thiét bi hién Phuong phap K, (dB)
song quan sat thiy vach pho tin hiéu phan xa tir Trir qua chu ky 1 lan 8
muc tiéu léch khoi vach phd xung dong bo, trong X

khi d6, tin hiéu phan xa tir nhidu dia vat tap trung Trir qua chuky 2 lan 20
tai tim vach phd ciia xung dong bo. Trir qua chu ky 4 IAn 36
l?é thuc hién khtr nAhiéu tiAéu cuc,Atin vhiéu sau tich Phurong phap 4 xudt 0
lily duoc dua qua bd loc s6 dya trén cap FFT/IFFT

(Hinh 4). Két qua loc s6 nhan duoc bing cong cu 4. KET LUAN

System Generator trén Hinh 12 cho théy, tin hiéu ) . )

x ., h Bai bao da trinh bay viéc nghién cuu, phén tich
nhicu ti€u cuc bi ché ap dang keé. . . .
cac phuong phap so tach muc tiéu rada di dong va
Higu qua ctia cac phuong phap nhiu tiéu cye duge  da xuét phuong phép hiéu qua cho cac thiét bi thu
dénh gia thong qua h¢ s ché ap K, [7]. HE 56 nay rada su dung tin hi€u cén lién tuc. Phuong phap
duogc tinh béng ty 1€ cong sudt nhidu tiéu cyc ¢ dau dé xuét dugc thyc hién thi nghiém trén cong nghé
ra so véi dau vao bd bu khir nhifu va duge tinh  FpGA. Két qua thir nghiém cho thay hiéu qua t6t
trén thang D?Cibel- Béng 1 dua ra két qua so sein,h clia phuong phap dé& xuat va kha nang trién khai
hiéu qua che 4p nhicu cta phuong phap dé xuat  thyc té.

vé6i cac phuong phap trir qua chu ky 1 1an, 2 1an va

4 1an [7], [8].
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