ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE DAI HOC DA NANG, SO 11(132).2018, QUYEN 2 33

NANG CAO HIEU QUA PHAT HIEN MUC TIEU TRONG HE THONG RADAR
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Tom tét - D& ting kha nang phat hién muc tiéu & radar MIMO két
hop, ngudi ta st dung phan tap dang song, phan tap tan sé hogc
phan tap khong gian. Tuy nhién, kha nang phat hién muc tiéu van
bi han ché do &nh huéng cia tan xa va nhiéu cé y gay ra [6]. Ky
thuat x( ly thich nghi khéng gian thoi gian STAP dwoc st dung dé
gidm nhiéu. Khi d6 cac trong sbé clia bd loc dwoc wdc lvong phai
chinh xac. Bi&u nay doi héi ma tran hiép phwong sai nhiéu c6 kich
cé lon, do doé viéc tinh toan nghich ddo ma tran hiép phwong sai
nhiéu cang phtre tap déi luc khéng tinh dwoc. Da co nhiéu thuat
toan dwa ra nhdm muc dich gidm kich c& ctia ma tran hiép phuong
sai nhiéu hay gidm hang cia ma tran nhw st dung ham PSWF [9].
Bai viét nay str dung phép bién dbi tuyén tinh dé lam thwa ma tran
hiép phwong sai do d6 lam gidm do phtre tap trong tinh toan ma
van dam bao téng hiéu qua phat hién muc tiéu cia hé théng.

T khoéa - Radar; Coherent MIMO radar; Radar Technology;
Space-Time Adaptive Processing for MIMO Radar; STAP.

1. Pat vin dé

Radar 1a mot hé théng dién tir dung dé phat hién va xéac
dinh vi tri cac vat. Chirc ning co ban nhat 1 phat hién muc
tiéu. Trong d6 viéc phat hién muyc tiéu lai phu thudc vao ti
sO SNR tai dau vao may thu.

C6 nhiéu k¥ thuat duoc phat trién dé t6i da hoa ti s6
SNR tai dau vao may thu nhu lya chon dang song phat di
& may phat [1-2], [4] dé tang kha ning cua radar trong viéc
tach cac muyc tiéu khoi cac tin hidu phan xa khong can thiét
va can nhiéu & may thu. Hodc tao dang bup song phat &
méy phat [5], [8] nham ting ti sé SNR tai may thu. Trong
[3], [10] &4 dé xudt cach bd tri cac phan tir anten mot cach
hgp 1y cling gitip cho viéc tang d lgi anten thu nhung
khéng lam tang kich c¢& caa chdng, qua d6 cling tang kha
nang phat hién muyc ti€u. Tuy nhién, chon dang song phat
& may phat gidp tang phan tap dang song va cai thién fading
nhung chua loai bo nhidu ¢d y. Viée bo tri cac phan tir anten
cling chi tang d6 1¢i cho anten thu theo mot hudng nao doé
xac dinh va khéng dung cho anten phét.

Xt 1y thich nghi khong gian thoi gian ¢ phia thu [7]
bang cach loc tin higu theo ca chiéu khong gian va thoi gian
véi trong sb bd loc dugc chon thich nghi vi moéi truong
hoat dong ctia radar MIMO. Dé lam dugc diéu nay thi phai
udc lugng chinh xac trong s6 cua bo loc. Khi do yéu ciu
ma trén hiép phuong sai phai c¢6 s6 lugng 16n cac phan tir,
din dn xt 1y tinh toan phuc tap. dé tim trong sb t6i uu.
Trong [9] da d& cap thuat toan dé giam do phuc tap tinh
toan nghich dao ma trdn mau nhu giam sb mau bang cach
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str dung ham PSWF (Prolate Spheroidal Wave Functions)
nhung c¢6 nhuge diém 1a phai biét trude céu trac hinh hoc
va ciu trac khong gian tan xa, khong gian tin hiéu vao I6n.
Bai viét ndy dé xuit phép bién di tuyén tinh dé lam thua
ma tran hi¢p phuong sai, nhd d6 do phurc tap khi tinh toan
ma tran hiép phuong sai nhidu giam di ma van ting kha
nang phat hién muyc tiéu cua radar va cé thé ap dung cho
cac hé thong radar khac.
2. Noi dung
2.1. M6 hinh tin hi¢u hé thong radar MIMO két hop véi
xi Iy thich nghi khéng gian thoi gian

Cac tan xa khong gian - thoi gian thuong khong phai 1a
nhiu trang, tirc khong phai 12 ma trdn phuong sai chéo. Bo
loc mét chiéu khong thé ding dé tach cac tan xa duoc boi
vi tan xa c6 thé dén tir nhiu hudng khac nhau (phuy thude
f). Toan bo tan xa khong gian thoi gian dén may thu tir
cing mot khoang cy ly thtr i biéu dién nhur sau:

Xe =2 78 1)
i=1
trong d6: y; la dai lugng phirc cua tan xa thur i, rcla s6 phan
giai vé cu ly ma radar xur 1y.
Cong suit ciia toan b nhidu va tan xa duoc biéu dién:
2)

Ta c¢6 md hinh xtr ly thich nghi khong gian thoi gian
nhu Hinh 1.

do
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Khi d6, cac tin hidu phat ctia anten thir m dugc bidu dién
bang:
x (IT +7)=VEg, (1)l (™ v6im=1,2... M (3)

trong d6: ¢,,(t) 1a tin hiéu bang co sé, I: chi s6 xung phét
thir | cua radar, t: @6 réng thoi gian xung phat, T: chu ky
xung phét. un(t) bao gdm mot chudi xung lap lai cua cac
Xung ngan ¢, (t).

Tan xa Mugc tiéu

o(Ir+1)

May phat

n May thu

Hinh 1. M6 hinh xit Iy thich nghi khong gian thoi gian
Do d6, tin hiéu thu boi anten thir n sau khi giai diéu ché
duoc viét nhu sau:

M-1

V(T +2)= Y pd (T +7 -2 —nd, sing, —md, sing) +
m=0 C

N1 4)

ZZp,¢ (IT+r+——nd sing, —md, sin@) +

i=0 m=0

+YOT +7) +y™(IT +7)
trong do: ¢ (t) = ¢, (t)e'*™"

_ 2(v, +vsing) f

- i
! c

_2(vsing) f

c
r: 1a cy ly cua khodng quan tam, p,: bién d¢ tin hi¢u phan xa
cta muc tiéu, p; : bién do phan xa khdng mong muon thi i,
sb tin hieu phan xa khdng mong muén 1a Ne, < tin hiéu
gay nhiéu thu ¢ anten thi n, y(‘”) nhiéu trang & anten thu n.

Thanh phan thl‘I nhét trong (4) 1a tin hiéu phan xa cua
muc tiéu, thanh phan thi hai la phan xa khong mong muon,
thanh phan tht 3 va 4 1a nhiéu c6 y va nhiéu trang.

Su sai khac pha khi thu vé 1a do hiéu tng Doppler, vi
tri cua anten thu va vi tri anten phat gay ra. Vi tin hiéu
phat 1a bang hep va d6 rong xung Ty di nho de cho Tyvix
0. Khi d6 ta c6 thé viét lai (4) nhu sau:

)(sin 6, (2vIT +dgn+d;m)+2v,Tl)

y.(T+7 + Zpt g +
Neim-t (smH (2vTl+dgn+d;m)) (5)
PHWTACE +
i=0 m=0
2r 2r
YT + 74+ =)+ Yy (1T +0+ =)
c c

trong d6: va vt 1a van téc muc tiéu hudng vé

f :j‘sin@t

S

radar;

f . :%Rsin@i: la tan s6 khong gian

s,i

_2(vsing, +V,)

. T : la tan s6 Doppler chuan héa.

f
Khi d6 tin hiéu sau khi qua bo loc dugc biéu dién:
2r, .«
Voua = [ Yo (T +7+ ), (0)dr

L 2m, .
_ pteJ(T)(smﬂ,(2vIT+an+dTm)+2v,TI) (6)

N, -1
+Y pe
i=0

L 1a s xung. Véi dr=A/2 khi d6 (6) duoc viét lai:

L 27,

J(==)(sin @ (2vTl+dgn+dy m))
) (w)

- + yn,m,l + yn,m,l

N,-1
_ it () j2rtol jorts; (e p) |\ ()
Yo = pe! gl Zpie + yr(w,n)w,l + yml (7
i=0
trong do: :di_ﬂZZVJ
7/ ]
dq dg

Ttr tin hiéu thu dugc & (7) ta co thé tao ra vector co
N x M x L chiéu nhu sau:

Y =Yoo0Y100-Yn-am1 L)' (8)
Khi do t6 hop tuyén tinh ciia cac phan tir vector y c6 thé
duoc biéu dién nhu sau:
w'y ©)
trong d6: w 1a trong sd.
Dé c6 dugc ti s6 SINR 16n nhét thi tich w*Rw phai nho
nhét sao cho [7]:

ws(f,, fy)=1 (10)

trong d6: R=E[yy" | va s(f_, f,) la vector lai khong gian
thoi gian cua hé thong radar MIMO, ¢0 kich thuge la N x
M X L, bao gom cac phan tir viét dudi dang:

gi2rt(nimy) g j27 ol (11)

va khi d6 w con duoc goi la bd tao bup MVDR (Minimum
Variance Distortionless Response). Ma tran hiép phuong
sai R c6 the ude lugng bang cach s dung cac 6 phan chia
khoang cach lan can. Bé théa mén (10) thi ta co:
_ R7s(f,, fy)
s*(f,, f5)R7s(f,, fp)

Biéu thuc (12) ton tai ma tran nghich dao R, do d6 do

phuc tap tinh toan rat Ion.

(12)

2.2. Pé xudt xir Iy thich nghi khong gian thoi gian dwa
trén dinh dang thwa (sparsity based space time adaptive

processing)
Ta c6 thé biéu dién tin hiéu nhu sau:
X=X, +X,+N (13)

trong do: X vector muc ti€u, Xc: Vector tdn xa, n: vector
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nhiéu nhiét.
Vector tan xa c6 thé biéu dién nhu sau:

NC
XC = ch,nv( fd,n ’ fs,n) (14)
n=1

trong d6: N.: 1a s6 céc tan xa, f,  =2vTsing, /A : tan
s& Doppler cua tan xa thir n, f,,=dsing /A: tan sd
khong gian cua tan xa n.

v(fy ., f;,): vector lai khong gian thoi gian,
V(fy . f) =V (f) ® v (F,),
vy (fy) :[1 exp(j2zfy)--- exp(j2xf,(N —1))]T ,
v (f)=[1 exp(j2zf)--- exp(j2zf (M —1))]T :
Vector tin hiéu myc tiéu: X, = o v(f,, f,,) =0V,
fo =2vTsing /A+2vT /A, f =dsing /4,
Ve van tdc goc cua muyc tiéu, ¢t : gbc tdi ctia muyc tiéu.

Ta c6: BeC"™ ™D 13 ma tran khdi tin hiéu thoa
mén: B"v, =0 va BB" =1,
voi: [U S V] =svd(v;"), trong do da st dung phép bién

d6i b=B"x e C™4 va MN - 1 1a s6 dir liéu tan xa co san.

MNL

)

H
» B

Wy

A 4

Hinh 2. So dé khoi bé loai bé biip song phu théng thuong
Néu tat ca dir liéu duge st dung dé loai bo tan xa thi
dau ra dugc bi€u dién nhu sau:

y=d,-w/'b (15)
trongdo: dy = V" X va w, =R;'r_, R, =E(bb") lama
trdn hiép phuong sai tan xa, r = E(bd;) 1 vector tuong
quan chéo gitra d0 va b. Khi d6 cong sut ddu ra tan xa
nhusau. P= VHtRle - rb'; Rglrbb

voi: R, = E(xx") 1a ma tran hiép phuong sai déu vao.

Ti s6 tin hiéu trén nhidu va tan xa SCNR dau ra duoc
biéu dién nhu sau:
2
LM ||
H Hp-L,
v tRxV‘ _rbbRb Fop

SCNR = (16)

Loai bo bup song phu ¢ bo xtr ly thich nghi khong gian
thoi gian, ¢ cac khoi chirc nang nhu Hinh 3.

Do hang ma tran hiép phuong sai nho hon mirc ty do
cua hé thong nén nguoi ta dung cac thuat toan RR-STAP

vz}l RD-STAP dé giam d¢ dai bg loc, tire luc do vector trong
s0 loc cho STAP goi 1a thua.

Al

X/ v dy ,( :) 3,
X

A 4

» R¥ b v z

Y

Wp

Hinh 3. So do khoi bg logi bo biip séng phu dya trén xik 1y thich
nghi khong gian thoi gian phan bo thua.

Trong s6 ctia STAP c¢6 thé thay bang: W, = Vw,, trong
d6: V =diag(v) va ve C"™™ 1a mot vector thua. Khi d6
ta co:

z=V"peCcM4

Dau ra:

Y =do-wiz=[1 w", - WHbVH]{y} (17)

b

Cong suat tan xa dau ra ddi véi STAP 1am thua co thé
tinh:

R =VHtRle —IpRy T, +& Ry (18)
trong dé: & = w, —W, la vector sai s trong s do diéu kién
lam thua. Trong khi d6 cong suét tin hiéu khong d6i do
phép bien doi.

Ti s tin hiéu trén tan xa va nhiéu SCNR dau ra:

LM |of
VIRV —riR'r, +6"Rye

SCNR = (19)

Do d6 can tdi thiéu hoa sai s6 binh phuong trung binh
e"R »€ . Ham muc tiéu cua ti thiéu hoa c6 thé duge viét
nhu sau:

e"Re=riR', W, —Wir, +WR W, (20)

Khi d6 can tim gia tri nho nhét cia:

min(—rb'[)'\fvb _VNVD"bb + W;wab + /IHVNVb ”0) (21)

trong do6, tham sb A diing dé quy dinh d¢ thua cua W, , tuy
nhién biéuﬂ thirc khong c6 gia tri nho nhit nén thay vao d6
ta dung biéu thirc trén c6 thé dugc viétlai nhu sau:

min (—rg W, — Wik, + WiR,W, + AW, ],)  (22)

2.3. Cdu triic by phdt hi¢n khéong gian thoi gian
Vector trong $6 6 hé $6 t6i wu va thich nghi lér} luot 1a
K, B. Chon hé s0 nao déu khong anh hudng dén ti so SINR.
B0 phat hién va chuan hoéa dugc cho boi [6]:

2 H
H -1
|5 Ry Xk| >

wi'xf = m 22)

-1
R kss—t <

Ho

s-t

v6i truong hop ma tran hiép phuong sai da biét thi:
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n =1/ Hs—tRilkss—t !
bat: W, =R™s =pw, (24), khi do

1/ 4* tuong duong véi cong suat nhidu dau ra cia bo loc

sao cho w,

s—t

v6i trong so vector W, .

Trong truong hop ma tran hiép phuong sai khong biét,
ta thay (24) vao (23) khi d6 théng ké phat hién nghich dao
ma tran mau sta d6i MSMI (Modified Sample Matrix
Inversion) khi d6 (23) tré thanh:

Hl
R 2 > R R R
2 H Bty & -
W, Xk‘ = <’71(5 RS W, =RE,,

Ho

(25)

trong do, ta tinh 7, ddi voi kénh don, don xung va ma tran
hiép phuong sai nhidu dat bang don vi.
Thanh phan: 1/p*=s"_ RS,

ngudng khi mirc cong suat can nhiéu thay doi. Viéc chuin
héa dan dén ti 1¢ bao dong nham 1a hang so.

diéu chinh mic

Kelly dua ra cong thirc dung kiém tra dwoc goi 1a kiém
tra ti 1¢ kha nang tong quat (GLRT) [10]:

LR[S (26)

H - 1 HBS-1 < an
S s—tR;§s—t (1+ka R; Xk) Ho
Cong thirc ndy cho thay ti 16 bao dong nham 13 hing sb.

Hy
2 2> A K 1 A
A (ms“s_tRkéH)[ SR |1

1

Ho

Khi nay mirc ngudng phu thudc vao dir ligu.

B¢ loc xiur Iy thich nghi khong gian thoi gian nén can
nhidu va dau ra bo loc tng v6i hang s6 1/ &% sau d6 so véi
ngudng so sanh. Loai chuan hoa khac c6 thé tao bup song
€0 thay d6i it, khi do ta chon:

v =1/s" R7s (28)

Xir Iy thich nghi khong gian thoi gian ¢6 thé dwoc phan
thanh hai 16p:

+ STAP giam do 16n (RD): st dung phép bién dbi va
chon phan doan doc lap véi dir lidu.

+ STAP giam hang (RR): phy thudc vao dir liéu.

Ca hai 16p déu co6 muc dich chung la giam s6 mau dir
liéu va giam tinh toan.

Phép bién d6i thuong dung bao g(:“)m cac budc tao bup
song va xu 1y Doppler. Vector trong s6 cta xur 1y thich nghi
khong gian thoi gian RD yéu cau cho SINR cyc dai trong
khodng gian thua dugc cho boi:

=(T"R,T)'T"s_, (29)

Trén thyc té trong $6 RD dugce cho bai:

S 1o = 1 K o o _
w, =RV, R, =1 2 X Heov=Tv,, (30)

trong do K’<<K.

3. Két qua md phéng

_ Thuc hién m6 phong bang Matlab, véi s6 anten thu
bang 10, s0 xung phat 1a 12 xung, d/A ¢6 gia tri 1a 0,5 cung
V01 ti SO tan xa trén nhi,éu CNR=30dB, ti s0 tin hi¢u trén
nhiéu SNR=10dB va ti s6 nhiéu gia trén tin hi¢u JSR= 0dB.
CA4c vi tri myc tiéu tao véi hudng chinh ctia anten mét goc
sin(0) = 0,4 v6i tin sb Doppler chuan héa f, =—0,6 va

nhiéu gia ¢6 vi tri 1an luot 1a sin(9)=-0,6 va f, =0,2.

Céc két qua tinh toan phé trong cac truong hop khac
nhau duoc biéu dién trén Hinh 4, Hinh 5, Hinh 6.

pho phan xa truoc khi su dung phat hlan STAP vol muc tisu, gay nhieu, tan xa va nhisu

)

doppler duoc chuan hoa

08 06
goc sine

Hinh 4. Phé ciia tin hiéu tai méy thu khi
chua su dung thudt toan STAP
Phat hien STAP muc tieu va gay nhieu; loai bo tan xa
1

doppler duoc chuan hoa

goc sine

Hinh 5. Phé tin hiéu phat hién tai may thu dung thudt todn
STAP: logi bo nhleu khong mong muon do tan xa va nhiéu
trdng, van con nhiéu gid (nhiéu cé y)

Phat hien STAP muc tieu; loai bo tan xa va gay nhieu
o
0.8
0.6
0.4
0.2

‘I = i
1 -0.5 0.5 1

o

doppler duoc chuan hoa
S
&

5 6 8
EREE RS

|
-
"

goc sine
Hinh 6. Phé tin hiéu phat hién tai mdy thu ding thudt todn .
STAP dyea trén dinh dang thua. logi bo nhiéu khong mong muon
do tan xa, nhiéu trdng va ca nhiéu gid (nhiéu cé 3)
Hinh 4 1 pho cua tin hiéu tai dau vao may thu khi chua
str dung thuét toan xu ly thich nghi khong gian va thoi gian



ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE DAI HOC DA NANG, SO 11(132).2018, QUYEN 2 37

STAP. Khi khong c6 xtr ly STAP, trong tin hiéu thu ngoai
tin hi¢u phan xa phat hién muc ti€u con c6 tin hi¢u khong
mong mudn do tan xa, nhidu ¢6 ¥ (nhiu gia) va nhidu tring
(dudng chéo mau vang trong Hinh 4 to, ddm) nén muc tiéu
(2 cham tron trong Hinh 4 rat mo) kho phat hién.

Hinh 5 1a pho tin hi¢u tai may thu ding dé phat hién
muc ti€u khi d@ sir dung thudt toan khong gian thoi gian
thich nghi STAP. Khi ¢6 xir 1y khong gian thoi gian thi muc
tiéu dé phat hién hon (2 chim tron rd nét hon). Nho c6 xir
1y STAP tao bup séng khong gian thoi gian nén loai bo
nhiéu khong mong mudn do tan xa va nhleu trang chi con
nhiéu ¢b y (nhidu gia), nén lam tang ti sé SINR. Tuy nhién
nhiéu ¢6 y van con (duong chéo mau vang trong Hinh 5
van con nhung manh va nhat hon Hinh 4).

Hinh 6 14 pho tin hi¢u tai may thu dung dé phat hién muyc
tiéu st dung thudt toan STAP v6i ham PSWF dinh dang
thura, 6 thé loai bo nhiéu khong mong mudn do tan xa, nhidu
trang va nhidu gia khoi tin hiéu thu (khong con duong chéo
mau vang nhu trong Hinh 4, Hinh 5), do d6 muc tiéu dé dang
duoc phat hién (2 cham tron sdc nét nhat). Két qua nay tuong
duong véi két qua mé phong phd trong [9].

4. Két luan

Bai viét nay da dé cap hé théng radar MIMO két hop voéi
xur ly thich nghi khong gian thoi gian. Trong ma trén tim
trong s thich nghi con ton tao ma tran nghich dao nén do
phirc tap tinh toan rat phirc tap va sé& ting nhanh khi s6 anten
MIMO ting. Dé giam phtrc tap, trong tai liéu [9] sir dung
ham PSWFs dé tao mot khong gian con, sau d6 chuyén ma
tran tan xa nhan duogc c6 kich ¢& 16n thanh ma tran co6 kich
cd cua khong gian con dugc tao nén bdi ham PSWFs, tir d6
tinh ra cac trong s6. Phuong phap nay gitp giam do phtrc tap
tinh toan khi tinh nghich ddo ma tran tan xa nhung ) luong
tin hiéu thu ddu vao khong giam tirc sd trong sé khong thay
d6i nén khi doi hoi dé bam muyc tiéu t6t thi s6 lwong tin hidu
thu phai 16n, do d6 do phirc tap khi tinh van cao.

Trong bai viét nay tan dung déc tinh clia ma tran tan xa
¢6 hang thap va str dung thuat toan lam thua trong s6 nén

lam giam duogc s6 tin hiéu thu can dé tao ma tran tin xa, déng
thoi s6 trong s6 ciing giam. Dé xuat trong bai viét nay c6 da
lam giam d¢ dang ké do phirc tap tinh toan ma phuong phap
str dung ham PSWFs [9] khong tdn dung dugc. Hiéu qua
phat hién myc tiéu cta phuong phéap dé xuat ciing da ching
to bang cac két qua mo phong. Ngoai ra, véi phuong phap
dé xuat néu &4p dung trong truong hop biét trude méi truong
hoat dong ctia radar MIMO két hop thi viéc tinh cc trong sd
nhanh hon, ting hi¢u qua phat hién muc tiéu cua Radar
MIMO két hop tot hon. Phuong phap nay ciing c6 thé gitip
phat hién muc ti€u vdi thoi gian thyec.
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