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TOM TAT

Bai bdo nghién ciru itng dung phwong phap chiéu dé ché dap nhiéu tiéu cwc va chi ra cac ddic
tinh vuot troi cua viéc iing dung ma trdn chiéu vao thiét bi chi thi muc tiéu di dong (MTI) dé dap
ung cac yéu cau cao vé ché ap nhiéu. Két qua mé phong cho thay, hé thong MTI theo phuong
phap chiéu ciing co kha nang tach cdc muc tiéu toc dé thap trén nén nhiéu phan xa. Vé mdt tinh
toén, trong sé cdc phuong phap xik 1y t0i wu hién c6 phwong phdp dwoc dé xudt la hiéu qud nhat
trong triwong hop nhiéu manh i khéng phai tinh nghich ddo ma trdn twong quan nhiéu.

Tir khéa: Ra da; Thiét bi loc muc tiéu di dong (MTI); Phuong phap chiéu; Hé sb ché ap nhiéu; D6 rong dai ché ap.
1. MO DAU

Vén d& chéng nhiéu tiéu cuc ngudn gdc tu nhién va nhan tao phat sinh dong thoi voi sy xut
hién cua cac ra da dau tién va cho dén nay van con mang tinh thoi sy. Nhiéu tiéu cyc 1a tin hiéu
vO tuyén phan xa tir bé mat nén, cac tich tu khi twong va dia vat khi ching bi chiéu xa bai cac
xung tham do ra da. Tac dong cia nhidu tiéu cuc thé hién & su ché 4p va che giau tin hiéu, phan
&nh tir muc tiéu quan sat. Cuong d6 nhidu c6 thé vuot dang ké khdng chi mic tap cua may thu,
ma con tin hiéu muc tiéu hiru ich, gdy kho khan cho ra da khi quan sat, va do6i khi lam ra da
khong thé quan sat.

Theo udc tinh hién nay [1, 5], trong cac hé thong nhu vay, ty s6 nhidu/tin hiéu c6 the dat gia
tri tir 60 dB tro 1én, dac biét dbi véi phan xa bién. Tuy thudc vao céc tham sb, bao gdm tan sé
mang, chu ky l3p lai xung cua ra da, pham vi toc do gio, v.v., 46 rong phé nhiéu thu dong cé thé
chiém dén > 10% tan s6 l3p xung tham do cua ra da.

Dé phan tach phé caa cac tin hiéu hiru ich va nén nhidu thu dong trong nhimg diéu kién nhu
vay stir dung b loc tdch muc tiéu di dong (MTI-Moving Target Indicator) véi dac tinh bién do-
tan s6 bo loc tan sb gan dang chir nhat. Do sau ving loc chin cua cac bo loc nhu vay phai dat tur
60 dB tro 1én.

Bai bao trinh bay mot hé théng MTI ché ap nhleu tiéu cuc dya trén ma tran chiéu co dap tng
tan sé thoa man céc yéu cau cao néu trén. Bai viét duoc to chirc nhu sau. Phan 2 giai thich ban
chit phuong phap chiéu va b loc MTI chiéu. Phan 3 danh cho md phong, phén tich cac dic
diém cua hé théng MTI chiéu va so sanh véi cac phuong phap MTI khac. Phan 4 dua ra so d6
khdi hé théng MTI chiéu. Cudi cung Ia phan két luan.

2. XAP XI MA TRAN TUONG QUAN NHIEU NGHICH PAO
BANG PHUONG PHAP CHIEU

Dé giam thiéu ton hao trong phat hién tin hiéu c6 ich phuong phap chiéu [2] xu ly gitra cac
chu ky theo quy trinh phat hién td1 wu tin hiéu cd ich trén nén nhidu véi cac thudc tinh tuong
quan cho truée dugc dé xuat. Ban chat phuong phap nay 1a xap xi ma tran tuong quan nhiéu
nghich dao bang mot ma tran chiéu 1én mot khéng gian truc giao véi khdng gian nhiéu.

Theo [4], véc to trong b xir Iy tdi wu dwoc x4c dinh bai méi quan hé

W = RIS(f) (1)
trong do: R - Ma tran twong quan nhiéu tiéu cuc; S(f) - V&c to tin hiéu c6 ich vai tan sé Doppler f.

46 Nguyén Trung Thanh, “Phwong phdp chiéu tong hop hé thong chong nhiéu tiéu cwc.”



Nghién ctru khoa hoc cong nghé

Tuy nhién, viéc &p dung truc tiép cong thic (1) hau nhu khong thuc té do can phai tinh toan
ma tran twong quan nghich dao cho tieng phan ti phan biét trong thoi gian thuc.
Biét rang, bién do phirc tin hiéu ra da phan xa tir mot d6i twong diém c6 cau tric thoi gian
gitra cac chu ky duoc dac trung bai véc to cac hinh sin roi rac:
S(f) = (e T, e 12T, . e INITHH 2)
trong d6, flatan sb Doppler, T I chu ky xung tham do ra da, N la s6 xung trong chim nhan dugc.
Trong truong hop nay, tin hiéu nhidu tiéu cuc 1a sy két hop nhiéu dao dong sin c6 dang (2),
tao thanh mot tap lién tuc tan sb Doppler. Tinh lién tuc nay c6 thé duoc xap xi bang mot tap
hiru han céc sin xép du day theo tan sé Doppler va ma tran twong quan R c6 thé duoc biéu dién
dudi dang:
= (ss™) 3)
Vi ma tran (3) 1a Hermitian va xac dinh khéng &m nén n6 c6 hé thdng truc chuan cac véc to
riéng don vi Uy,... Uy va tap hop cac gia tri riéng khdng am 4y, ..., 4y twong ung véi cac véc to
do. Do hé thong tryc chuan cac véc to riéng ctia ma tran (3) tao thanh mot co so trong khong

gian N chiéu, nén bét ky thé hién nao cua tin hiéu S déu c6 thé dugc biéu dién dudi dang to hop
tuyén tinh:

) N s=3", qU, 4)
& day, a; la cac thura s6 vo hudng ngau nhién.

Str dung khai trién phé [3] c6 thé chi ra rang:

R=YI_ LU U (5)
trong do, r 1a hang ma tran (3).

V& mit toan hoc, phép tinh gan dung (5) tuong duong vdi viéc chiéu tin hiéu nhidu tiéu cuc
Ién khdng gian con co chiéu hitu han cho nén no co thé duoc biéu dién dudi dang két hop tuyen
tinh s6 hitu han céc sin phu’c (2) véi tan sb Doppler f1, T2, ..., fm. Véc to cac ,sm ¢ cac thura s6
bién do ay, a,, ..., am ngau nhién va doc lap thong ké, trong dc') M (M<N) Ia s6 sin duoc sir dung
cho xap xi nhiéu tiéu cyc. Khi d6, ma tran tuong quan véc to tong cac tin hiéu nhiéu tiéu cuc va
noi tap co thé dugc biéu dien dudi dang :

R =E + X3-1 vmS(fm)S" (fin) (6)
trong d6, E 1a ma tran don vi N x N chiéu dic trung cho tinh chit twong quan cua noi tap (khéng
lam mét tinh téng quat, gia sir rang cong suit mdi thanh phan riéng I¢ véc to tap bang 1):
Vm=<lan/*> 1a cong suét thanh phan sin thit m nhidu tiéu cuc. Xem v,>>1, tac |a cdng suat
nhiéu ngoai & tan s6 Doppler f, Ién hon dang ké cong suét noi tap.

Vi ma tran (6) 1a Hermitian va xac dinh duwong, ma tran nghich dao véi ma tran nay co thé
dugc biéu dién bang khai trién phd
R_l — M UmU% _l_ZN U UH (7)
m=17 4 =M+1
trong do, A - Gia tri riéng khac 0 cuia s6 hang tha hai ¢ vé phai (6) ma tong cac gia tri riéng xac
dinh cdng suat nhiéu tiéu cyc; Uy,..,Uy 1a cac véc to don vi riéng truc chuan twong ang véi cac
gia tri riéng in va la co s¢ trong khong gian con nhiéu; Upsy, ..., Uy 1 cac véc to don vi riéng
tryc chuan cua ma tran R, tao thanh mot co sé trong khdng gian con truc giao vai nhiéu tiéu cuc.

) V|7 cong suit nhidu tiéu cuc dugc gla’dlnh la jcm hon nh;eu cong suét tin hiéu Qo ich nén tur
bat dang thuc An>> 1 cho phép bo qua so hang dau tién ¢ ve phdi (7) va c6 dugc xap xi ma tran
nhiéu nghich dao bang ma tran

P = Z%:M+1 UmeIn 8)
Ma tran P 1a chiéu 1én khéng gian con nhidu tiéu cuc truc giao [2, 4] va tac dong toan tir ma
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tran nay lén t6 hop tuyen tinh bat ky cac séng hinh sin 5(f1),8(12), ., S(fu) dan dén "quy
khong" t6 hop d6. Diéu nay c6 thé dugc hiéu 1a su triét tiéu (ché &p) nhidu t|eu cuc.

Do d6, ma tran tuong quan nghich dao nhiéu [nanh c6 thé dugc xap xi bang ma tran chiéu 1én
khdng gian con truc giao vai khdng gian con nhiéu, tic la
R 1~E-P, (9)
trong d6, E 1a ma tran don vi, P = M(M" M)~*M" - Ma tran chiéu Ién khong gian con nhiéu, H
la dau hiéu lien hop Hermitian, M = [S(f1), $(f2), ..., S(fu)] - Ma tran gom cac vec to cot tin
hiéu c6 tan s6 Doppler fi, ..., fL cach nhau va bao trum Ien dai tan sb nhiéu tiéu cuc.

Theo xap xi (9), véc to trong sb ti wu xtr ly giita céc chu ky cé dang

) W = (E - P)S(f) (10)
va quy trinh xtr ly t6i vu s€ la tinh modul biéu thuc:
¢ =Y"(E - P)S(fy) (11)

trong do, Y la véc to twong tng véi chum phuong vi thu duoc.

_ Trong truong hop nay, ma tran-chiéu (9) thuc hién chic nang loc chan nhiéu ti{eu cuc chung
doi vai tat ca cac bo loc Doppler. Cac diem khéng (chan) dugc xac dinh bai cac tan s6 fy, ..., fL
Cua cac véc to tao thanh ma tran M trong biéu thirc (9).

Khi ra da tham do khong déu véi céc chu ky Iap Ty, T,, hé thong xir y giita cac chu ky duoc dé
Xuét c6 dang nhu trong hinh 1, trong d6 sir dung cac ky hi¢u sau: TSB - Tach séng bién do; ADF-
B6 loc phoi hop tuong tu - roi rac; TLTCy; — TLTCyy - Cac bd tich Iy twong can Vg’yi chu ky lap lai
Ty, TLTCy — TLTCyy - Céc b0 tich lily twong can véi chu Ky 1ap lai T,; TBN - Thiét bi ngudng.

0/1
— TLTCyu » TSB1; ¥ Lua » TBN,
chon
16m >
A | C y Ts ,| nhit Thiét bi nhan
Tu:Da:; ra TLTCuin ¥ TSBin r quyét dinh c6 hay Cé/khong
khong c6 muc tiéu ——
) TLTCx ¥ TSBy L trong cac phan tir
wa phén bi¢t da dinh
chon %
16m
“— TLTCym ? TSBom » nhéat { TBN, o

Hinh 1. B¢ xu ly gizza cac chu ky véi Ty va T,.

Tin hiéu dén dau vao cac bo tich liy twong can duoc cip tir dau ra ADF. Cac bo tich lity
tuong can doi véi cac chum co chu ky 13p lai T, va T, bao trum ddi van toc huéng tam nhat dinh
ctia muyc tiéu. Ngoai ra, mdi b tich lity twong can, cung voi tich lay tin hiéu ¢ ich dong thoi
thuc hién loc loai bo phan xa tir cac dia vat va, néu can, ca nhiéu tiéu cuc dich chuyén.

Dap ing tan s6 mdi bo tich lity trong can riéng 1¢ (b6 loc chiéu) tinh theo biéu thic:

SH(F(E-P)S(fi
K,(f) = M (12)

trong d6, N 1a s6 xung trong chum.

Mot trong nhimg déap (ng toe do (12) nay duoc thé hién trong hinh 2.

C6 thé thay ving ]QC chan sau trong vung dia vat, dinh chinh twong tng VoI Féc d6 husng tam
tin hiéu c6 ich du kicn va cac bip bén thap dan theo ham sin(x)/x. Neu can thiet, ¢6 the sir dung
mot cira so trong s6 dé giam muc nhitng blp bén nay.

Sau tach song bién d¢ tin hi¢u ra cac b tich lily twong can qua lya chon cyc dai déng thoi véi
do van toc hudng tdm. Str dung bd tich lity nhi phén tiép theo (tiéu chuan “hai trong s6 hai”’) cho
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phép loai bo cac bao dong lAm lién quan dén vuot ngudng dong thai trong TBN; va TBN, boi
cac dinh nhiéu twong (tng vai cac toc do xuyén tdm khéc nhau.

-3 o ] I 13 20 25 30 35 40

Hinh 2. Pdp iing tan s6 mét bé tich lity twong can.
3. CAC PAC TINH CUA HE THONG MTI CHIEU

Céc dic tinh vu viét ciia hé thong MTI dya trén phuong phéap chiéu 1a:

Kha nang chéng bién dang bién d6 cham xung;

Kha nang tao cac ving loc chian d6 rong >10% tan sb lap xung véi do sau ché ap >60 dB;

C6 thé loc tin hiéu muc tiéu toc do xuy@n tdm thap va rat thap;

Dé lam rd nhiing dic tinh wu viét cua hé thdng MTI bang phuong phéap chiéu, ching t6i da
thyc hi¢n md phong trén Matlab ché d¢ hoat dong cua ra da nhu sau: budc song 0,2 m, chu ky
tham do T, = 140+107 gidy, (twong tng cu ly don tri D; = 21 km)’, T, = 17010 (twong tng cu ly
don tri D= 25,5 km); kich thuéc chum phuong vi la N = 256. Két qua xu Iy cac chim c6 chu ky
T,va T, & du ra cac so do chon cuc dai nhan duoc 21 va 25 mau cu ly (roi rac cu ly), tuong tng.
Sau d6, chiing dugc so sénh véi cac ngudng trong TBNl va TBNZ, d6i v6éi mdi mau nay mot dau
hi¢u vuot hodc khong vuot ngudng duoc tao ra. Péng thoi, m9| cu ly thue deq muc tiéu trong
dai 1- 20 km s€& twong ng v6i mot cap mau nhat dinh: mot mau - tir chuoi ¢ dau vao TBN; va
mot mau khac - tir chuoi ¢ dau vao TBN..
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Hinh 3. Cdu triic chim phwong vi véi cac ving dich vu.

Kha ndng chéng bién dang bién d@é chim xung. M6 phong da chi ra, thuat toan xt ly duoc dé
XUt (12), so v&i viéc str dung céc cira sd 6 trong s6 (Dolph-Chebyshev, Kaiser-Bessel, v.v.), 6n
dinh hon di véi bién dang chum phuong vi boi gian d6 huéng (GDH) anten va chim phuong vi
khong lién tuc do c6 cac vung dich vu (hinh 3) khi tin hiéu tham do khong duoc phat ra. Trong
nhitng diéu kién nay, muac bup bén tang dang ké so vei gia tri ly thuyét. Uu diém cia phuong
phap nay dugc giai thich bai thuc té 1a cac yéu cau gia ting ddi voi mic blp bén chi &p dung
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trong dai tan s nhiéu tiéu cuc ma khéng phai & moi noi ngoai dinh chinh dap wng tan sé b loc.
Diéu nay cho phép tich lily twong can toan bo chim phuong vi, dong thoi triét tiéu hiéu qua
nhiéu tiéu cuc.

So sanh cac dap ung tan sb (toc do) & N = 256 d6i voi chum phuong vi khdng ¢ ving dich
vu va chim phuong vi ¢6 cac viing dich vu (trwong hop nhu hinh 3) d6i vai cac dai ché ap nhiéu
tiéu cuc khac nhau cho thiy céc bién dang dang ké anh huong dén “nén” dap g tan sb. Tuy
nhién, néu mot tin hiéu don 1é dugc phét hién dua trén nen nhiéu tiéu cuc, hiéu tng nay c6 thé bo
qua, Vi cac bién dang khdng anh hudong dén cac tham sé chinh bo loc. Ngoai ra, bién dang bién
d6 phat sinh cing khong anh hudng dén hinh dang tin hiéu c6 ich va muc céc bup bén dau tién.
Trong truong hop phat hién hén hop hai tin hiéu hinh sin co tan s6 Doppler khac nhau hiéu @ng
nay co thé co tac dong tiéu cuc. Khi d6, vi nén chung cac bup bén khong vuot qua mac cac bip
bén chinh, nén hiéu &ng bién dang chi co thé tac dong dén trudng hop dic biét la phat hién hai
tin hiéu c6 bién do khac nhau — &én muc cac bap bén chinh, tic 1a phat hién tin hiéu yéu trén nén
manh. Tir d6 ¢6 thé két luan rang, phuong phép chiéu dugc dé xuat dé xi ly gitra cac chu ky la
6n dinh véi bién dang bién do tin hiéu (dang chum phuong vi).

Kha néng tao cac vang loc chéan dé réng tly Y, loc tin hiéu muc tiéu téc dg xuyén tam thap va
rat thap. Dap tng tan s6 bo loc MTI véi véc to trong sé W (10) khi kich thudc chum phuong vi
N = 256 duoc biéu thi trong hinh 4. Pap tmg c6 dinh chinh tuong Gng véi toe do hudng tam la
25 m/s va mot vung loc chan dia vat ¢ chiéu rong 2 m/s & mac am 60 dB. Trong dai van toc
huéng tam con lai, mirc cac bap bén thay doi tir 4am 19 dén am 37 dB. Chum phwong vi 1on (N>
100) cho pheép tao ra cac bd loc véi dai loc chan 16n hon nhiéu so véi trong hinh 4. Pap ung tan
s6 cé&c b loc nay duoc hién thi trong hinh 5 va 6.
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Hinh 4. DBdp iing tan s6 b6 loc véi véc ro Hinh 5. Pdp ding tan so mét trong cac bg loc
trong so (10) khi kich thudc chum phwong vi khi N>100.
N = 256.

dBIo (.:.B U

* Ik l"Hﬂv j: [
m“ ]’llllh m;hh"!:;" “{IPIIIIIWI] l”l\‘i\{'w' ‘ :\/W

0 100 200 300 400 300 600

-III
1.. mL's

V,m's

Hinh 6. Ddp uing tan so mgt trong cac bg loc  Hinh 7. Ddp 1ing tan s6 mét bg loc phat hién
khi N>100. muc tiéu ¢ van toc hudng tam thap so véi

nén dia vt va nhieu tiéu cuc dich chuyén.
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Ving loc chan chiém mot pham vi téc d6 tir 4m 30 dén 30 m/s, nghia 12 gan nhu toan bo
pham vi tbc d6 nhiu tiéu cuc, bao gém dia vat, nhidu ludng cyc va tich tu khi twong.

Bang phuong phép chiéu ciing c6 thé tao thanh mot nhdm bo loc thir ba (hinh 7) dugc thiét ké
dé phat hién cac muc tiéu c6 van téc huéng tam thip so voi nén dia vat va nhidu tiéu cyc dich
chuyén. Pap tng bo loc 6 hai viing loc chin hep trong ving dia vat va nhidu ludng cuc.

Gidng nhu cac bo loc MTI khéc, ¢ bo loc chiéu MTI ¢6 su phu thudc hé sb triét nhiéu vao
chiéu rong vang loc chan va chiéu dai mau N (kich thuée chim phuong vi). Khi mé rong ving
loc chan thi hé sb ché ap ciing giam néu khong ting N. Hé sb ché ap nhiéu tiéu cuc 1a 60 dB va
d6 rong vung loc chan trong pham vi + 25 m/s dugc dam bao mot cach dang tin cdy vai chum
phuong vi N > 128 xung (bdng 1). Bé dam bao hé sb ché ap 60 dB khi N = 64, 32 va 16, can
phai giam d6 rong vung loc chin hoic bang cach giam khoang céch va giam s6 diém khong.
Khoang tan sb t6i thiéu s& twong tng Véi truong hop hai véc to truc giao bat ky Si, S, ... St
trong ma tran M biéu thac (9), tao thanh cac diém 0 ving loc chin va duoc xac dinh boi Céc
giatritan s fy, ..., f..

Bdng 1. Su phu thugc hé sé va chiéu réng ving ché dp vao chiim phirong vi (N).

Kchéap, dB N=512 N=256 N=128 N=64 N=32 N=16
30 +25 m/s +25 m/s +25 m/s +25 m/s 24 m/s 22 m/s
40 +25 m/s +25 m/s +25 m/s +24 m/s +23 m/s +15m/s
50 +25 m/s +25 m/s +24 m/s +23 m/s +13 m/s +9 m/s
60 +25m/s 24 m/s +24 m/s +18 m/s +8 m/s +3 m/s
Cosin gdc giita hai véc to bat ky S; va S; dugc xac dinh théng qua tich vo hudéng chuin héa
H , \
cosa = —12__ Néu |cos (a)|=1 thi cac véc to la gan song song, va trong truong hop
/si’slsysz
|cos (a)| « 1- 12 gan tryc giao [3]. Hai thanh phan sin phuc s& gan song song néu mat phdi hop

tan s giita ching khong vuot qua nghich dao do dai cua chiing. Do do, vi du, ma tran loc chan P
dugc xac dinh boi biéu thic (8) triét tiéu hidu qua khong chi cac sin vai tan s6 w4, w,, ..., wy Ma
I tit ca cac thanh phan phé qua trinh thu duoc c6 tan sé Doppler thoa mén it nhat mot trong cac
bat dang thuc

s

ym=12.M
N

lw = wp| < (13)

Theo d6, tit ca cac tin hiéu c6 ich c6 tan s6 Doppler thuoc hai khodng [w, w,] va

|wus; @y + 5] lién k& viing loc chan nhidu tiéu cuc s bi loai bo déng ké [3].

So sénh ba bo loc MTI phé bién véi bo loc chiéu duoc trinh bay trong bang 2.

Bdng 2. So sanh cac bg loc MTI (Bl kha: qua chu ky (sin x/x)", n- S6 lan b khir [8], toi wu héa
¢6 gidi han [3], IR [7] va Bé loc chiew) theo dé sdu va dé réng ddi che ap.

Thamso | Yéu | Bobukhu | Boloctdi vuhoa | Bo loc IR dang Bo loc chiéu
ché ap cau | quachu ky c6 gidi han elliptic
Dosdu | >60 | Khongdat | Cothédapting | Dam bao khi sb Pam bao
ché ap dB xung > 200
borong | >10 | Giamkhin bam bao bam bao
dai tan % tang
Nhugc Khong diéu | Posauchéapty | Thoigian thiét | Doi hoi dir lidu co do
diém chinh dugc I& nghich d6 lap 6n dinh Ién chinh xac cao
rong dai ché 4p

Tir bang 2 ¢6 thé nhan dinh, dbi véi ra da canh giéi tam gan, khi chu ky lap nho, cham
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phuong vi twong di 16n va nhidu manh cac bo loc chiéu phu hop dé loc muc tiéu di dong.
4. TONG HQP HE THONG LQC MUC TIEU DI PONG BANG PHUONG PHAP CHIEU

Bing phuong phap chiéu dugc xem xét & trén ching ta s& tong hop hé thdng loc muc tiéu di
dong. So d6 khdi hé thbng MTI chiéu dugc néu trong hinh 8.

Thu tuc loc muyc tiéu di dong dya trén phuong phéap chiéu bao gom: 1-Khéi tao dir liéu dau
vao 1a véc to twong (g v6i chum phuong vi nhan duoc, 2-Khdi tao véc to tin hiéu ¢6 ich ¢é cau
trdc thoi gian gita cac chu ky dac trung boi véc to sin roi rac, 3- Khéi diéu khién do rong ving
ché &p hinh thanh ma tran gom cac cot — véc to tin hiéu c6 tan sé Doppler véi budc bao trum dai
tan nhiéu tiéu cuc, 4-Khéi hinh thanh ma tran - chiéu 1én khong gian con nhidu tac dong lén té
hop tuyén tinh bét ky cac véc to tin hiéu c6 ich 1am cho n6 bang khong, 5-Khdi tao véc to trong
s6 xir ly téi wu bang cach nhan ma tran twong quan nghich do véi véc to tin hiéu cd ich, 6-Khdi
tinh tan s6 Doppler Fq muc tiéu bang cach nhan véc to lién hgp Hermitian twong tng véi chim
phwong vi nhan dugc va véc to trong sb xir Iy t6i vu.

2. Khéi tao véc to
tin hiéu cé ich

|

3. Khii didu ashioi 5. Khii tao véc to —
khién g rong > e S »l trong sb xir Iy téi Gk Khoi tinh tan Fs
ving ché ap chicu fen khong - s6 Doppler mye ————>
gian con nhieu tieu
“Ché g ché 4p” Tin biéw ,
1. Khaoi tao dir
N it
liéu dau vao

Hinh 8. So d6 hé thong loc muc tiéu di dong.
vVé mat tinh toan, phép xt Iy (11) duoc thuc hién nhu sau. Véc to tin hiéu c6 ich c6 thé duoc
biéu dién dudi dang tich
S(f) = DSy(f) (14)
trong do, So(f) la sin phie c6 duong bao hinh chir nhat, D la ma tran duong chéo NxN ¢ tinh
dén dang duong bao chum phuong vi do GPH anten ciing nhu sy hién dién cac vung dich vu.
Theo d06, ¢ giai doan dau (so bo), véc to sau duoc tinh
ZH =YH(E — P)D (15)
Do ma tran P c6 dang dac biét, phép tinh véc to (7) yéu cau ~2NL phép nhan phue, trong do
N 1a kich thuéc chum phuong vi va L 1a so diém khdng trong ving loc chan. Tiép do, bang cach
sir dung bién doi Fourier nhanh (FFT), tin hiéu dau ra cac bd loc duoc xac dinh
& =Z"S(fm), (16)
trong d6, m 1a sb thi tu bo loc.

_ Str dung FFT trong phuong phap xu ly gitra cac chu ky c6 thé lam giam dang ké cac yéu cau
ve hicu suat may tinh ky thuat so thyc hién hé thong xur ly so tin hiéu ra da. Mot trong nhitng wu
the quan trong, theo quan diém thuc hi¢n thyc te, cua phuong phép chieu so véi quy trinh tinh
véc to trong so toi wu (1) 1a khong can thuc hién cac thu tuc tinh toan phuc tap lién quan den wéc
lwong ma tran twong quan R va ma tran nghich dao R™ (d6i voi mdi phan tr phan giai trong thoi
gian thyc). Viéc thuc hién cac quy trinh tinh toan nay kéo theo cac van d¢ lién quan den ma tran
kém dieu hoa lam cho tong hop véc to xir Iy trong so6 toi wu lién quan den R™ tro nén khong 6n
dinh dang ké doi véi cac sai so tinh toan va cac nhiéu loan khac & ma tran chinh xac.

Do d6, vé mit tinh toan, phuong phap xap xi ma tran twong quan nghich dao bang ma tran
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chiéu P duoc dé xuét 4p dung cho hé thdng MTI chi bao gom viéc hinh thanh so b (truéc) ma
tran chiéu theo quy trinh (15) va ap dung quy trinh FFT tiéu chuan.

5. KET LUAN

Nghién cau ly thuyét phuong phép chiéu cho thdy c6 thé ap dung dé xay dung hé thong ché
&p nhiéu tiéu cyc trong ra da canh gigi. Trong s6 cac phuong phap xur Iy gira chu ky gan t6i wu
hién co, phuong phap dugce dé xuat 13 hiéu qua hon ca vé mat dap tng cac yéu cau ché &p nhiéu
tiéu cuc cao 1an vé mat tinh toan trong truong hop nhidu manh. Tir quan diém trién khai thuc té,
vu diém déng ké nhat cia phuong phap MTI chiéu dugce dé xuét so véi quy trinh tdi wu tinh toan
véc to trong s 1a khong can phai thuc hién cac thu tuc tinh toan phuc tap lién quan dén uéc
lwgng ma tran twong quan, tinh ma tran dao cho tirng phan tir phan biét trong thoi gian thuc.
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ABSTRACT
SYNTHESIZING AN MTI SYSTEM BY PROJECTION METHOD

This paper presents the application of the projection method to suppress clutter and
shows the outstanding characteristics of the application of the projection matrix to the
moving target indicator device (MTI) to meet the high requirements of the clutter
suppresion. The simulation results show that the projection-based MTI system is also
capable of separating low-speed targets on the background of clutter. Computationally,
among the existing optimal processing methods, the proposed method is the most effective
in the case of strong clutter because it does not have to compute the inverse of the noise
correlation matrix.

Keywords: Radar; Moving target indicator (MTI); Projection method; Clutter suppression factor; Suppression band
width.
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