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CO SO’ LY THUYET CUA KY THUAT CHi BAO MUC TIEU DI PONG
BASIC THEORY OF MOVING TARGET INDICATOR TECHNIQUE

TS. LE QUOC VUONG
Khoa Dién - DTTB, Trwong DHHH

Tém tit:

Bai viét nay trinh bay vé co s& ly thuyét cta ky thuét chi bao muc tiéu di dong. Trén co sé
nguyén ly phat hién muc tiéu trén nén nhiéu phan xa céng tap am, ky thuat chi bao muc tiéu di
déng la huwéng phét trién vé xi ly tin hiéu rat moi cua cong nghé radar hién nay. Xuét phéat tor déu
hidu ddc triing phéan biét gitka nhidu phan xa va tin hiéu muc tiéu la van téc twong déi cta chung,
théng qua xw ly Doppler, ngudi ta cé thé lam tang duoc ty sé tin hiéu trén nhiéu céng tap &m cia
tin hiéu muc tiéu.

Abstract:

This article discusses the fundamental theory of moving target indicator (MTI) technique.
Based on the principle of target detection in clutter plus noise, the moving target indicator
technique is a modern development of the signal processing in current radar technology. From the
special discriminant differences between clutter and target signal is their relative velocity, by
Doppler filtering technique, one can increase the ratio of signal to interference plus noise (SINR) of
target signal.

Trong loat bai nghién ctru v& Cac céng nghé méi dworc ap dung trén radar bién bat dau
dang tir tap chi sb trwée, dic biét di sau vao cac gidi phap nham nang cao ty sb tin hiéu trén nhiéu
cong tap am (SINR), nguyén ly phat hién muc tiéu trén nén nhiéu phan xa céng tap am cé vai trd
va y nghia rat quan trong. Theo hwéng nay, ky thuat chi bao muc tiéu di dong (MTI) ap dung céac
bién phap xt ly tin hiéu dwa trén dau hiéu dac trung phan biét gitba nhiéu phan xa va tin hiéu muc
tiéu la van téc twong ddi ctia chang, théng qua xir ly Doppler d& nang cao SINR voi mét hiéu qua
ré rét. Trong phan nay ching ta sé di sau tim hiéu vé co s& ly thuyét cla ky thuat MTI va trong cac
tap chi s6 tiép theo sé trinh bay cac giai phap thuc hién cu thé.

I. Hiéu rng Doppler trong radar

Trwéc hét ching ta hdy xem xét qué trinh phat va thu tin hiéu trong radar. Gia st radar
phat xa tin hiéu cé dang [3]:

5,(£)= AE(t)cos oyt =R[ 4,E (1) ] M

trong d6 o, 27rf0 14 tAn s6 mang, A= \/7[ v6i P lacong suat phat xa va E( )
dwdng bao clia dang séng phat xa véi chuan don vi, nghia Ia.

T E(t) dr=1 )

Gia sir mdt muc tiéu phan xa ly twdng nam céach radar mét khodng R, , phén xa lai radar
thanh tin hiéu thu duoc:

5, (1) =R[ 4 E(t-7)e™" ] 3)

trong d6: A, =/P. v&i P. la cong suét thu duoc;
7 la thoi gian tré do tin hiéu truyén lan di-vé gitra radar va muc tiéu, né dwoc tinh bang:
2R
(4)
c

T =

trong d6 ¢ la van tbc anh sang.

Tin hiéu thu duoc (3) qua thuc hién gidi diéu ché bang cach nhan voi e’ va cho di qua
mach loc thong thap, két qua nhan duwoc la:
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s, (t)=AE(t—7) (5)
Tiép tuc cho tin hiéu nay di qua mét mach loc bang gi&i han phdi hop (cé nghia la dap tng
clia mach loc nay c6 dang trung dung nhu dudng bao tin higu (1)) va co tin hiéu dau ra:

s,(7,)=4, J.E t—1)E (t—7,)dt (6)

trong do6 7, la thoi gian tin hiéu dén t&i mach loc phéi hop.

Theo Iy thuyét [1], tin hiéu dau ra cla mach loc phdi hop sé dat gia tri cwc daikhi 7, =7

va khi d6 néu thay (2) vao ta sé di dén két qua:
s,(t)=4, ()

Biéu thirc (7) c6 nghia 14, thdi gian ti luc phat tin hiéu di cho dén khi nao thu dwoc tin hiéu
cuwc dai dung bang A. chinh 1a thoi gian tré 7 can xac dinh. Vi néu biét 7, thay vao (4) ta sé tim
dwoc khodng cach R, téi muc tiéu.

Xeét trwdng hop muc tiéu chuyén dong vai van tée xuyén tam déu v, . Tai thoi diém
t =0, khoadng cach muc tiéu la R, . Do muc tiéu chuyén déng 1&én khodng cach muc tiéu bién thién
theo thoi gian:

R(t)=R,—v

Tin hiéu thu dwoc tai thdi diém ¢ da bj phan xa tai thoi diém I—T//2 va tai dung thoi
diém phan xa dé thi muc tiéu dang & khoang céach theo (8) la:

/ /
R[t—%j:RO v [t—%j )

Thay (4) vao (9) va gidi phwong trinh theo 7/ nhan duoc:
- 2R, /c _(2vmd/c)t

t (8)

rad

(10)
1+vmd/c 1+vmd/c
Do van tbc anh sang la rat Ién nén /c <<1 va c6 thé bd qua, do d6:
2R 2v 2v
1]_/z 0 _ mdt_ 0_ mdt (11)
c c c

trong do6 7, la thoi gian tré twong ng voi R,.
Thay (11) vao (3) ta c6 tin hiéu tin hiéu thu dwoc clia muc tiéu chuyén dong la:

2Vead
s, (1)=%R AE(t 7, +2’“dtj jwu[ e j (12)
c

r

Nhw vay tin hiéu thu dwoc cla muc tiéu chuyén dong cé 2 hiéu ing la [3]:
 Duong bao cia tin hiéu co thé bi co vao hoac dan ra. Diéu nay cé nghta la mach loc phdi
hop (6) néu khéng thay dbi dwoc dap (rng clia nd thi sé tré thanh khéng phdi hop. Néi cach khac
dé dam bao sy phdi hop can phai sir dung mach loc thich nghi. Trén thuc té, trong mét sé trudng
hop don gian thi hién twong co dan dwdng bao tin hiéu cé thé dwoc bd qua.
 Tan sb mang bj dich di mét lvong:

2 2
L =2nf, =2xf, chd =21 f{ad (13)

0

Trong d6 f,, (hay @, ) dwoc goi la tan sb (goc) Doppler. Viéc dich tan s6 mang di mot gia
tri bang tan s6 Doppler nay ciling sinh ra sy khéng phdi hop tan s ctia mach loc phéi hop. Néu
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nhw dam bao sao cho tan sb Doppler thod méan Jfp < B, (trong d6 B, la d6 rong bang cua tin
hiéu) thi hiéu ing khong phéi hop tan sb co thé duoc bd qua.
Chu y la néu thuc hién tach séng va loc théng thap cho tin hiéu thu dwoc (12), ta co:
2 /adt

s, (1)=4e" < =4 (14)
trong do Sg(l‘) la dang twong duwong cla E(t) théng thap.

Va néu roi rac hoa tin hiéu nay theo thoi gian, né tré thanh:

s, (m) =4 eﬂ”‘f[’(mr”) (15)

”

trong d6 7, la khodng I&p xung PRI (Pulse Repetition Interval).

Il. Nguyén ly phat hién muc tiéu trong nhiéu phan xa qua xir ly Doppler

Pé co thé phat hién dwoc tin hiéu muc T, Ty
tiéu trong sy hién dién cla nhiéu phan xa theo ' ;
nguyén ly chung can phai cé mét dau hiéu dac \ \ B4 & \ /\
trwng gilra cac dang séng phan xa cla 2 loai vat 0 : § ; :
phan xa nay. Ky thuat x» ly Doppler dya trén co : : : U
s& dau hiéu vé van tdc, ma nhw da néi trén d6 Voo = o
chinh 1a d4u hiéu théng dung nhat hién nay dé 1 : : : : :
tach biét gitra tin hiéu muc tiéu va nhiéu phan \ /\ § : : \ /\
xa. Thong thuong cac muc tiéu cé van tbc 0 : ; :
chuyén dong nhat dinh nén tan sb Doppler cla U

chung khong nam trong khoang tan sb thap va 4 |
céch xa gbc 0. Nguwoc lai, cac vat tan phat nhigu Otr 10 20 30 40 50 BO th7

phan xa (hay cling con goi la véat phan xa khéng : ; : : :

mong mubn) thwong dirng yén hodc co téc do /\ Eoob R B gy
chuyén doéng rat cham do d6 tan s6 Doppler cla 2 : : : T wvapanss
chung bang 0 hay rat thap (1an can gbc 0). Nhw U : : U i chuyéndong)
vay thuc chat diu hiéu phan biét gitba muc tieu g0 o0 3 a1 &1 B0 i4r

va vat phan xa khi d6 lai 1a sw phan bd phé cua Hinh 1.

ching. M6 ta nguyén Iy xi ly Doppler

Dang song phat

al

Dang séng thu

s {vatphan xa
difng y&n)
| b)

Khi nghién ctru sau hon, ching ta con co6 thé thao luén ca Vvé Vi tri khdng gian ctia muc tiéu
va nhiéu dwa trén dac diém phan bd pho [2]. Trén thyc té vat phan xa c6 thé coi nhw ding yén,
con chinh radar 1a chuyén dong. Cong thirc (13) chira thanh phan van téc xuyén tam v_,, nhung
trong trwong ho’p chung nhét c6 thé xét theo vector van toc bat ky voi didu kién co thém géc 1ap
b&i phwong chuyén dong cua radar va phwong cla vector van téc do. Do d6 (13) tré thanh:

2v,
fp, =—"cosa (16)
j’0

Trong d6 v, la van tbc chuyén dong cla radar (vat phan xa dirng yén) va « 1a géc lap bai
phwong chuyén dong cla radar va vat phan xa. Khi dé néu vat phan xa nam trén phwong chuyén
dong cula radar thi tan so Doppler clia né c6 gia tri tuyét dbi 1a l1én nhat (=0 hay oo =7 ) Con
néu vat phan xa ndm vé mét phia va vudng géc véi phwong chuyén dong cua radar thi tan sb
Doppler cia né bang 0 (o = iir/2 ). Suy ra phan bd phd cla vat phan xa phan anh vj tri ciia né
ddi voi chuyén dong cla radar. ) .

Trong phan nay chi xét cach xt ly vé thoi gian dya trén co sé& hiéu trng Doppler dé phan
biét muyc tiéu va vat phan xa. Trong trwong hgp nay radar dwgc cho la ding yén. Nguyén ly k§
thuat nay ve ban chat véat ly la rat don gian, dwoc trinh bay nhw sau. Khoang cach téi vat phan xa
dirng yén la giong nhau doi voi 2 xung phat di lién tiép theo thoi gian, con nguoc lai la khoang
cach thay doi khac nhau t&i vat phan xa chuyén doéng (muc tiéu). Hinh 1.1 md ta nguyén ly nay.
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Hinh Il.1a l1a dang song tin hiéu phat di la cac xung séng sin vé&i tin hiéu dwdng bao bién do E(t)

trong trworng hop tbng quéat cé dang xung Dy (t) dwoc dinh nghia:

b ()0 {p(t);to t,<t<t +t
ol 0 conlai (17)
trong do6 p(t) dwoc goi la ham dang xung, £, la thoi diém bat dau xung, ¢, thdi gian kéo
dai xung. Khi dé dwong bao bién dg la:

M-1
E(1)=2 Py .. (1) (18)
m=0

trong d6 khodng cach gilra 2 xung dwdng bao dwoc goi la khodng I13p xung PRI (Pulse
Repetition Interval), ky hiéu T),, chinh la nghich do cla tan sb 13p xung PRF (Pulse Repetition
Frequency) , ky hiéu f,, nghia la f, = I/TP va M 1a sb lwong xung trong ddy xung. Trong
trwdng hop don gidn hon nhw hinh 11.1 ham dang xung 1a cac ctra sb chi¥ nhat rect, , , (t) ma:

h t,<t<t,+t
rect 1) 0 0 (19)
wsa (1) { 0 con lai
vOi £, 1a thoi diém bét dau ctra s, ¢, thoi gian kéo dai clra sb, /i bién do clra sb va tin
hiéu dwong bao bién d6 twong wng la:

M-1
E(t)=)] rect, . (¢) (20)
m=0

Tan sb cla song sin (tan sb mang) f; va f, co lién quan dén nhau mét cach chat ché, sao
cho céac xung hinh sin ¢6 cuing 1 pha bat dau tai méi xung. C6 nghia la trong 1 khoang lap xung T,
phai chtra nguyén Ian cac chu ky séng mang T,, tecla TP/TO =n (v&i n 1a sb nguyén). Suy ra:

folo=n (21)

Hinh 11.1b la dang sdng tin hiéu thu duoc dbi véi cac vat phan xa dirng yén, trong dé khoang
céach gitra 2 xung hinh sin van béng PRI. Hinh Il.1¢ la dang séng tin hiéu thu dugc déi v&i cac vat
phan xa chuyén déng (vé phia radar), v&i sw khac biét so véi Il.1b la khoang cach gitra 2 xung
hinh sin bang PRI’ < PRI.

lll. Két luan

Trén day la co s& nguyén ly hoat ddng cla ky thuat chi bao muc tiéu di dong MTI, ma nhw
chung ta thay chi yéu dwa trén qua trinh phan tich va xt ly Doppler.

Giai phap dién hinh thuc hién cu thé nguyén ly nay la cac B khiv triét duong day tré
(Delay Line Canceller) mot khau va nhiéu khau. D& khac phuc mét sb6 han ché cla bod khiv triét
dwérng day tré, giai phap hoan thién hon la Bank loc Doppler (Doppler Filter Bank). Céac giai phap
nay sé dwoc trinh bay trén cac tap chi sé tiép theo.
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