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Tém tat:

Trong bai bdo nay, trudc tién céac tac gia nghién ctiu cac phuong phap tach muc tiéu rada di dong truyén
théng, sau do, cac tac gia dé xuat phuang phap két hop 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 th&r nghiém trén FPGA cho thay kha nang trién khai thuc té€ phuong phap dé xuat.

Tu khoa:
Hé thong rada diéu ché tan sé tuyén tinh, tich iy tuong quan, bo loc s6, bé 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 nhiing ndm gan day, viéc nghién cuu va thu

Ngdy nay, céc thi & bay khong nguoi 14 UAV nghiém cac thuat toan xur 1y tin hi¢u rada dicu tan

(Unmanned Aerial Vehicle) va cac thiét bi bay c&
nhd nhu FlyCam dugc ung dung va st dung rong
rdi trén nhiéu linh vuc doi séng xa hoi, gop phan
tich cuc vao sy phat trién x3 hoi. Tuy nhién, ching
cling dem dén nhiéu mit trai khi bi loi dung dé
tién hanh mot s6 hoat dong gdy nguy hai téi qudc

tuyén tinh LEM dang dugc quan tAm manh mé& nho
vao kha nang phat hién muc tiu ¢ cu ly xa hon
dong thoi ciing ¢6 kha nang phan biét cao hon theo
cu ly [1]-[5]. Trong s6 d6 c6 nhiéu thuat toan hiéu
qué dugc trién khai tng dung thuc tién trong cac dai
rada hién dai. Pac biét, nho vao giai phap dé xuit

phong an ninh, an toan hang khong va trat tu xa
hoi. Do do, viéc phat hién UAV, FlyCam va cac
van d& xur 1y tin hiéu tmg pho véi hoat dong ciia
chung 13 chu dé mang tinh cap thiét.

trong [5, 6], may thu rada c6 thé phan biét dugc cac
d6i tugng bay dén 2—3m (xem Hinh 1), pht hop cho
viée phat hién cac thiét bi bay khong nguoi 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 ¢ do cao thép, din dén tin hiéu thu rada bao
gém khong chi tin hiéu phan xa tir cic muc tiéu
can quan tam, ma con cac tin hiéu tor dia vat )
dinh nhu miat dat, cay cdi, doi nui hay cic cong
trinh x4y dung, ...) va tir cac d6i twong chuyén
dong cham (vi du, dadm may chuyén dong voi tde
do gid, chim troi, luéng khi thai tr cac nha may,
...). Tin hi€u phan xa trén dugc goi chung la nhiéu
tiéu cuc hay nhiu dia vat va d6i khi ching che
lép muc tiéu hién thi trén cac 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 ciu dit ra 1a can phai tach dugc thong tin ciia

muc tiéu quan tam tu cac loai nhicu nay.

Céac muc tiéu khi chuyén dong s& tao ra trong tin
hiéu thu mét lugng tan sb thay ddi boi hiéu ung
Doppler [6, 7]. Dia vat c6 chuyén dong twong dbi
bi gidi han so véi rada nén tdn tai su khac biét vé
luong tan s6 Doppler gitta myc tiéu quan tim véi
dia vat khong mong muén. Cu thé 13, mat do phé
cong suat ctia tin hiéu thu s& tap trung xung quanh
tan s6 DC f = 0. Tuy nhién, ddi voi cac rada co
LFM, tin hiéu phat vao khong gian c6 tan s6 thay
d6i, diéu nay tuong duong véi viée tao ra sy dich

chuyén tuong dbi giira dai rada va dia vat, do d6
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gay kho khan cho viéc tach tin hi¢u cua cac muc
tiéu di dong tir dia vat véi cac phuong phép truyén
théng [6, 7].

Bai bao trinh bay cac phuong phap sé tach muc
tiéu rada di dong (TMTDD) va d& xuit phuong
phép hi¢u qua TMTDD cho rada str dung tin hi¢u
birc xa cén lién tuc c6 diéu tan tuyén tinh, trién
khai thir nghiém phuong phap dé xuat trén FPGA..
Phuong phap dé xuit c6 kha ning ap dung cho céac
hé thong rada LFM hién dai ngay nay, xir Iy dugc
voi tin hiéu phan xa tor UAV, FlyCam khi c6 cac
phuong phéap nén xung thich hop.

CAu trac cac phan tiép theo ctia bai bao bao gdom:
phan 2 phan tich mot s6 phuwong phép s6 tich muc
tiéu rada di dong lién quan va dé xuét phuong
phap tich lily twong quan két hop loc sb, phan 3
thir nghiém phuong phap dé xuat trén phan cing
FPGA va phan 4 dua ra két luan cua bai bao.

2. MOT SO PHUONG PHAP SO TACH MUC
TIEU RAPA DI PONG VA PHUONG PHAP
TiCHLOY TUONG QUAN

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

Cac phwong phap sb tach muc tiéu di dong
(TMTDBD) truyén théng cé thé chung quy lai vé
mot hé théng $6 chung hoac dudi dang bd loc )
duge mo ta bang phuong trinh hiéu so:

y(n)=Za(z‘)x(n—i)—Zb(i)y(n—i) (1)

trong d6 x(n) 1a tin hiéu dau vao & thoi diém thi n,
y(n) 14 tin hiéu dau ra & thoi diém tha n, a(i), b(i)
1a cac hé sd trong s6, L 1a bac cua bo loc.

Khi mot trong cac hé s6 b(i) # 0 thi (1) s& mo ta bd
loc hdi quy (IIR), trong dé, tin hiéu dau ra khong
nhimg 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 & céc thoi diém
truge. Khi tat ca cac hé s6 b(i) =0 thi (1) tro thanh:
L
y(n)= Z;,a(i)X(n—i) (2)
bo loc nay goi 1a bo loc khong hdi quy (FIR), tin
hiéu ra chi phu thudc vao tin hi¢u dau vao.

Thuyec hién bd loc hdi quy can sé khau loc it hon so
voi thuc hién bo loc khong hoi quy co6 dac tuyén
tuong dwong voi nd. Tuy nhién, bo loc khong hoi
quy ludn 6n dinh, trong khi d6 bo loc hoi quy sir
dung phan hoi d& mét 6n dinh va sai s6 tich luy [1].
Co s& dé tach muc tiéu di dong 1a dua vao sy dich
chuyén tan s6 Doppler trong tin hiéu thu duoc so
v6i tan s6 song mang. Dich chuyén tan sé Doppler
duoc xac dinh béng biéu thirc:

(3)

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

ti€u, f, va A la tn s6 va budc song tin higu.

Piu vao bd
loc MTDD

Nhiéu dia vat a)

1 Iy
T f=0 mucl tiéu 7/ Tén s6
|
Dic tinh |
BDTS bd loc |
b)
el f=0 | 5 Tén sb
Péu ra bo |
loc MTDD |
| °
AN
L L -
-+ f=0 £ Tén s6

Hinh 2. Qua trinh loc theo phuong phap tru
qua chu ky. (a) Phé tin hiéu phan xa; (b) Dac
tinh bién dé tan sé bd loc; (c) Phé tin hiéu
daurabd loc
Céc loai nhiéu ¢6 tan s6 thap, quanh ving tan s6 0
nén cac b loc @& TMTDD c6 dic tinh thong dai

[1]. Mot dang cu thé bd loc dung d¢ TMTDD ¢o
thé tim thiy trong céc dai rada hién nay 1a cac bo
loc sb/twong ty theo phuong phép trir qua chu ky
(Hinh 2) [8].

Cac bo loc sb cling co thé thuc hién hiéu qua bé'mg
bién d6i Fourier roi rac (DFT) [1], [2]. DFT thuc
hién bién ddi chudi N gia tri roi rac x(n) trong
mién thoi gian thanh chudi X(k) trong mién tan so.
N-1
X (k)= x(me "> @
n=0
Ban chat phép bién d6i DFT chinh 1a thuc hién N
bang loc s& méc song song khong hdi quy (Hinh
3). Bo loc muc tiéu di dong theo phuong phép loc
s6 bang bién d6i Fourier duoc chi ra & Hinh 4 cho
phép diéu chinh dic tinh bién d6 tan sb ctia bo loc

theo yéu cau nho ham cua so.

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

Phuong phép loc s6 dimg DFT ¢6 vu diém thyc hién
duoc bo loc co dac tuyén bat ky. Tuy nhién, nhugc
diém cia né 1a st dung cip DFT/IDFT lam ting
dang ké do phtrc tap tinh toan va tré.

Dua trén tinh don gian ctia phuong phap bu qua
chu ky, bai bio dé xuat phuong phap tich liy tuong
quan két hop FFT. Qua trinh tich lity gdm 64 chu ky
va mbi chu ky 14y mau 512 diém duoc mé ta & Hinh
5 v6i cac budce sau:

- Trong mdi mot chu ky quét khong gian rada, cac
mau tin hiéu duogc ghi vao bd nhd theo chiéu doc;
- Trong céc chu ky quét khong gian rada, tin hiéu
duoc ghi vao b nho theo hang;

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

ri dua sang loc s6 bang cap FFT/IFFT.

Nhu vay sau qué trinh tich iy tin hiéu muc tiéu
s& c¢6 dang dao dong theo tan s6 Doppler con
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Hinh 3. Dac tuyén bién dd tan sé cac bang loc (s 0 phia trén, sé 1 phia duéi) ciia DFT

Tin hiéuf - IFFT | L hi¢u
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b
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=
=
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Hinh 4. B6 loc s6 dung FFT va dac tuyén bién d6 tan sé ham cira sé Hamming

nhiéu c6 gia tri gan nhu khong ddi trong mot
khung, vi thé khi thuc hién phéan tich phd bang
phép bién d6i FFT thi phd ctia myc tiéu s& bi léch
khoi vach phé trung tim mot luong bang tan sd
Doppler con nhiéu s& c6 phd tring véi vach phod
trung tam.

Dé kiém tra thuat toan ctia bo tich iy, gia thiét tin
hi€u phan xa vé tir muc tiéu bay ra xa dai va tin
hiéu dia vat. Tin hiéu phan xa vé tir muc tiéu co
pha dugc xac dinh nhu biéu thic (5) (4p dung cho
loai tin hiéu birc xa rada phc tap nhu tin hi€u can
lién tyc, tin hiéu c6 diéu tan tuyén tinh,...nhung
cling phu hop véi ca loai tin hi¢u rada don xung),
v6i R1 1a cu ly ban dau ctia muc tiéu, 4 =B/71a
hé s6 LFM, B 1a d6 di tan, t 1a d6 rong xung. Khi

d6 tan sb tac thoi cua tin hidu phan xa dugc xac
dinh nhu biéu thuc (6).

Tin hiéu dia vat c6 thé duoc tao ra giéng nhu ddi
v6i truong hop muc tiéu dung yén. Tong hop tin
hiéu phan xa tir myc tiéu va cac dang nhiéu sau
nén xung (thuong nén xung bang bd loc phdi hop)

dugc dua vao bg tinh lily twong quan.
Qua trinh ghi gitra cac chu ky

JANYA YA NYA W
LY,

0*64+0 0*64+1 0*64+2 0*64+63

!

1*64+0 1%64+1 1#64+2 1*64+63

!

26p qui ¥nd)

2%64+0 2*%64+1 2%64+2 2*64+63

Qua trinh ghi trong chu ky

S11%64+0 || 511%64+1 | 511%64+2 511%64+63

Bo nhé RAM

Hinh 5. Qua trinh ghi va doc ctia bé tich liy
tuong quan
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3.THU NGHIEM TREN PHAN CUNG FPGA

Dé danh gia thiét ké trén phan cing, trong cac thir
nghiém da st 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 liy gém tin hiéu phan
xa tor muc tiéu va dia vat sau nén xung bﬁng loc
phéi hop dugc phat tir FPGA qua DAC rdi dua
vao ADC. Cac tham sb duogc thiét 1ap trong thur
1/8 £, véif, 1a tan sb
lap lai cua tin hi¢u. Thoi gian gitt chdm phan xa

Tmuctieu = llus ° Tdiavat

nghiém: Tan sé Doppler f=

=3us.

Hinh 6. Thiét Iap phan ciing thirnghiém

Thuc hién mo6 phong trén Matlab, tin hi¢u tao gia
muc ti€u di dong va dia vat sau khi qua bd loc phéi
hop thé hién nhu Hinh 7. Ta thiy rang, tin hiéu
phan xa tir myc tiéu sau qua bd loc phdi hop l1a

xung nén xuat hién trude dia vat (nghia la muyc tiéu

nam gan dai rada hon) va c6 bién d6 thay ddi voi
luong tan sb Doppler, con tin hi¢u phan xa tir dia

vét ¢6 bién d6 gan nhu khong ddi.

T'n hiéu muc tleu va dla vat sau loc phéi hop
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Hinh 7. Tin hiéu muc tiéu va dia vat sau khi
loc biang bé loc phéi hop

Tin hiéu sau nén xung bang loc phdi hop s& dugc
tich lity twong quan va phan tich pho. Két qua kiém
tra trén System Generator trén Hinh 8 cho thiy
tin hi¢u truge tich lily twong Gng vdi mo phong
Matlab trén Hinh 7, trong do6, tin hiéu phan xa vé
bao gdm tin hiéu ciia muyc tiéu co gia tri thay d6i
va cua dia vat it thay ddi. Sau tich lity, tin hi€u cta
muc tiéu va cta nhiéu dia vat duogc tach biét tai
cac vi tri thoi gian tuong tmg voi cy ly cia chiing.
Hinh 9 1a doan tin hi€u mo rong ¢ hai vi tri twong
ung voi muc ti€u va nhiéu dia vat. Ttr Hinh 9 ¢6
thé thdy, tin hiéu ciia muc tiéu tai cac khung tich
lily 64 diém dao dong theo tan s Doppler (bén
trai) con tin hiéu dia vat gan nhu khong ddi (bén
phai), diéu d6 cho thdy sau qu4 trinh tich lity tuong
quan thi tin hi¢u phan xa to muyc tiéu di dong va
tur dia vat khac nhau rd rét hon tao co so tang hi¢u
qué cho loc s6 TMTDD.

Hinh 10 biéu dién phd cua tin hiéu phan xa dugc
mo rong tai hai thoi diém tuong tmg thu dugc
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ctia muc tiéu va dia vat. Pho tin hiéu phan xa tt  vay thong qua viéc phéan tich phé tin hiéu phan xa
muc tiéu c6 vi tri 1éch so voi tan sb lap lai xung béng khdi FFT c6 thé tach dugce tin hiéu phan xa
tham do khong gian mot luong tuong ing voi tin  tir muyc tiéu khoi nhiéu bang cic ham cira s loc
s6 Doppler. Trong khi, d6i véi tin hiéu phan xa tir ~ truyén théng. Ngoai ra, tan sb Doppler ciing cé thé
nhiéu dia vét, pho tap trung xung quanh tdm cac  dwec tinh todn dwa vao mirc dp léch ciia vach

vach phé theo tan sb lap lai ciia xung tham do. Nhu  phé tin higu muc tiéu so véi xung dong b.
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Hinh 8. Tin hiéu trudc va sau moét chu ky tich liy
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Hinh 9. Tin hiéu muc tiéu (bén trai) va dia vat (bén phai) sau tich lily khung 64 diém
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Hinh 10. Phé tin hiéu muc tiéu (bén trai) va nhiéu dai vat (bén phai) sau tich liy

Hinh 11. Phé tin hiéu muc tiéu (bén trai) va nhiéu (bén phai) sau tich lily thit nghiém 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
saulocsé
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Céc két qua thuc nghiém trén FPGA trén Hinh
11 hoan toan twong tmg véi két qua danh gia trén
System Generator trén Hinh 10. Trén thiét bi hién
song quan sat thiy vach phd tin hiéu phan xa tir
muc tiéu léch khoi vach phd xung dong bo, trong
khi d6, tin hi€u phan xa tr nhiéu dia vat tap trung
tai tim vach phd cta xung dong bo.

Pé thuc hién khtr nhiéu tiéu cuc, tin hiéu sau tich
Iy dugc dua qua bo loc sb dua trén cap FFT/IFFT
(Hinh 4). Két qua loc s6 nhan duoc bé'mg cong cu
System Generator trén Hinh 12 cho thy, tin hiéu
nhidu tiéu cyc bi ché ap dang ké.

Hiéu qua cua cac phuong phap nhiéu tiéu cuc duoc
danh gid thong qua hé s6 ché ap K [7]. Hé sb nay

dugc tinh bang ty 1é cong suat nhiéu tiéu cuc ¢ dau

(ISSN: 1859 - 4557)

Bang 1. Hé s6 ché ap K cia mét s6 phuong phap

Phuong phap K, (dB)
Trir qua chu ky 1 14n 8
Trir qua chu ky 2 1dn 20
Trir qua chu ky 4 1an 36
Phuong phép dé xuét 42
4. KET LUAN

Bai bao da trinh bay viéc nghién ctru, phan tich
cac phuong phéap sb tach myc tiéu rada di dong va
dé xuat phuong phéap hiéu qua cho cac thiét b thu
rada st dung tin hi€u céan lién tuc. Phuong phap
dé xuét duoc thuc hién thir nghiém trén cong nghé

ra so v6i dau vao bo bu khur nhi€u va dugc tinh  FPGA. Két qua thir nghiém cho thay hiéu qua tbt
ctiia phuong phap dé xuat va kha ning trién khai

thuc té.

trén thang Decibel. Bang 1 dua ra két qua so sanh
hiéu qua ché ap nhiéu cua phuong phap dé xuit
v6i cac phuong phap trir qua chu ky 1 14n, 2 1an va
41an [7], [8].
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