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TOM TAT

Poi véi muc tiéu bién cé kich thude 16n, anh ra da phan giai cao cua ching dwoc phdn bo
trén nhiéu 6 ci ly va phwong vi. Tir ddy dat ra yéu cau woe lwong toa dg tam ciia cdc muc tiéu c6
do phan giai cao nham cung cdp dau vao cho bai todn loc bam quy dao ciia chiing. Bai béo dé
xudt phwong dn xdc dinh ngwéng nhi phan héa anh ra da trén co sé suy réng thudt todn xdc dinh
nguong toi wu phat hién chum tin hiéu lwong tir nhi phdan va woc lwong toa do tdm muc tiéu co
do phdn gidi cao trén bién.
Tir khéa: Anh ra da; Muc tiéu c6 do phén giai cao; Anh nhi phan; Udc luong toa do tam.

1. PAT VAN PE

Trong linh vuc diéu khién va chi huy, théng tin v& cac ddi twong tac chién phai dugc bao dam
nhanh, chinh x4c. Céc thong tin nay co thé 14 toa do va cic tham s6 chuyén dong cua cac ddi
tugng. Ngudn cung cap thong tin chu yéu vé toa do va cac tham sd chuyén dong ciia muc tiéu
trén bién cho hé théng diéu khién va chi huy 1a cac dai ra da [1]. Tai mdi chu ky cap nhat tin tirc,
hé théng chi nhan duy nhit mét gia tri vé toa do cac ddi tugng loc bam tai mot dau do. Tuy
nhién, trén thyuc té céc muc tiéu trén bién c6 dién tich phan xa hiéu dung kha da dang tir rat nho
(nguoi ca) dén rat 16n (tau hang, tau quan sy,...). Muyc tiéu c6 kich thudc nhé c6 thé coi 1a muc
tiéu diém. Muc tiéu c6 kich thudc 16n hodc rat 16n véi nhiéu diém choi s& hinh thanh ma tran
diém déau (anh) phan bd trén nhiéu 6 cu ly va phuong vi. Nhitng muc tiéu nhu vay duoc goi muc
ti€u c¢6 d phan gidi cao. Bai toan dat ra can udc luong toa d6 tdm cua cadc muyc ti€u c6 d6 phan giai
cao trén co s ma tran diém diu cung cép cho dAu do cua hé théng bam loc muc tiéu.

Hién nay, trén thé gidi c6 nhiéu tac gia cong bd cac cong trinh nghién ctru lién quan dén xir Iy
anh ra da cac muc tiéu c6 do phan giai cao voi nhidu diém choéi. Tac gia [opGyrosa. A.A [2] va
Uyraii. K.H. [3] nghién ctru cac giai phap khoi phuc anh muc ti€u ra da véi muc dich cho bai toan
nhan dang. Trong cong trinh [4] tac gia Zhou. H, tac gia Amirzadeh [5] va cong su da dé xuét mo
hinh loc Kalman két hop véi cac quy tic cua logic md. Tac gia CenesueBa O.B. [6] dé xuét chia
cac vung anh ra da thanh ba vung S;, S;, S; tuy theo gia tri lon nhét va nho nhét theo mirc nang
luong (d6 sang cua anh, ung véi mirc tir 0 dén 255). Bai toan uéc lugng toa dd tdm anh ra da [6]
van dua trén tim ving muc ning luong trung binh S,, tm cac ving Sy, S chi dung dé hiéu chinh
quy dao bam cho ving mirc ning lugng S,. Tuy nhién, cach tinh ngudng dé thiét 1ap ving chia
chua duoc chi ra. Trong nudc, hién nay chua cé tac gia nao cong bd cac cong trinh twong tu, lién
quan dén bai toan x4c dinh ngudng nhi phan hoa anh ra da, udc lugng toa do tam anh ra da c6 do
phén giai cao.

Trén co so phan tich tinh hinh nghién ctru trong nude va quc té, trong bai bao ndy, nhom tac
gia dé xuat phuong 4n xac dinh ngudng nhi phan hoéa anh myc tiéu ra da, trén co s¢ anh nhi phén
uoc lugng toa d6 tim muc tiéu trén bién nham cung cip toa do cho bai toan loc bam quy dao
phuc vu chi huy va diéu khién. Dé xac dinh tinh vu viét cia phuong an dé xuat nhom tac gia so
sanh véi mot trong nhimg thuat toan xac dinh ngudng kinh dién sir dung trong xt 1y anh 1a thuat
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toan xac dinh ngudng Otsu [7].

2. XAC PINH NGUONG NHI PHAN HOA ANH MUC TIEU RA DA
VA UGC LUQNG TQA PO TAM ANH MUC TIEU RA PA

2.1. M6 ta co s6 dir li€u anh ra da

Bai bao sir dung dit liéu thuc té hai muc tiéu ki hiéu 1a MT1, MT2, MT3, MT4, MT5, MT6,
MT?7, tham s0 v€ muyc tiéu dugc mo ta & bang 1. Dir li€éu anh vé muyc ti€u ra da trén bién 1a ma
tran diém dau A c6 kich thudc m hang, n c¢ot (hinh 1). Trong do:

- Céc phan tir ciia ma tran diém dau A;j [xi, yj, 77;] 1a mot diém anh nam & 6 cu ly thir x; va 6
phuong vi thir yj c6 gia c6 gia tri cuong do 75 trong khodng tir 0 dén 255.

- Muc tiéu c6 do phan giai cao c6 nhiéu diém choi (14 tap hop céac gi tri Ajj c6 cuong do cuc
tri so v&i vung lan can). Sau moi chu ky quét kich thude anh myc ti€u va gia tri cuong do cac
diém anh thay d6i do su thang giang cua tin hiéu phan xa tir muc tiéu ra da.

Bdng 1. Tham so cua muc tiéu bién.

Muc tiéu MT1 MT2 MT3 MT4 MT5 MT6 MT7
Cu ly (km) 45,3 104,4 47,7 40,1 15,7 103,6 17,1
Tdc do (Hai by/h) 2,5 0,94 19,2 2,78 0,94 14,9 17,01
Loai tau Tauca Tauhang | Tau container Tauca Tauhang | Tau container | Tau container
Kich thude (m) 60 80 200 60 79 200 200

Trén hinh 1 13 anh muyc tiéu ra da nam twong tmg & cac 6 cu ly tir 4539 dén 4545 va phuong
vi tir 1181 dén 1203. Pai ra da c6 d6 phan giai theo cu ly 1a 10 m, theo phuong vi 1a 0.22°, kich
thude anh ra da muyc tiéu theo cy ly khoang 60 m, theo phwong vi khoang 4.84°.
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a) Ma trgn diém ddu b) Anh muc tiéu ra da
Hinh 1. Hinh anh muc tiéu MTI (Chu ky quét 1).
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2.2. Co s& Iy thuyét tinh toan nguéng toi wu nhi phan héa anh ra da
2.2.1. Thudt todn twa téi wu phat hién chum tin hiéu lwong tir nhi phdn
Trong xt 1y tin hiéu ra da thuong sir dung thuét toan twa toi wu phat hién chum xung luong tir

nhi phén (TLN) [8]. Thuét toan nay c6 thé duoc suy rong dé ap dung cho xir 1y anh ra da. Thuat
toan tua toi wu phat hién chum TLN c6 dang:

ixinizci X =
i1

i=1L,M

: (1)

1 0<P<1
0 1-P

- P o0 o0
trong d6: X, - Chudi TLN; P:{F"; R=[WU)dU; P=[W,U)du; W) - mit do
h Ung Ung

phéan bd xéc suét cla tap am; Py khi chi c6 tap; Wh(U) - Méat d6 phan bd x4c suét ctiia hdn hop tin
tap; Py khi ¢6 hon hop tin higu va tap; Uny - Ngudng lugng tir nhj phan (ngudng phat hién xung don

14 V. X. Ha, ..., V. Quan, “Nghién citu bai todn wéc lwong toa dé muc tiéu bién cé phin gidi cao.”
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Phl (1 )

ti (1 Phi )
Céc hé s trong lugng tuong tmg véi xung thir i trong chim TLN, khi phét hién chum theo tiéu
chuan Neyman-Pearson.

trong chim); C - Ngudng phat hién chum TLN; M - S xung trong chum TLN; 7, = In i<

Chudi cac hé s6 {7} 1ap thanh ham trong lugng phét hién. D6i v6i ra da nhin vong, ham nay
¢6 dang gan giéng voi dang gian d6 hudng ciia dng ten trong mit phiang ngang. Thuat toan (1)
duoc goi 1a thuat toan phét hién c6 trong lugng chum TLN. Tu thudt toan nay suy ra, vi¢c phat
hién chum TLN bao gom viéc ‘cong cac gia tri ctia ham trong luong tai cac vi tri c6 =1, sau do
so sanh tong v4i ngudng C, néu vuot ngudng thi nhan quyet dinh: trong chum TLN d6 c6 chura
muc tiéu v6i mot chi tiéu chat luong xac dinh, (xéac suét phat hién dung D va xac suét bao dong
1am F) tuy thudc vao cac gia tri Pp; va Py

Trong thuc té, thuat toan (1) it duoc sir dung vi né kha phirc tap do phai chuwong trinh hoa cac
hé sb trong luong 7; (i = 1, M). Néu gia thiét ring chum TLN c6 dang vudng (x4c sut xuat hién
gia tri 1 tai bat ky mot vi tri nao trong chim khong thay d6i va bang Py trong mién tap, Py; trong
mién tin hiéu) thi c6 thé viét (1) thanh dang [8]:
x > K, 2)

M=

Il
UN

Thuat toan (2) goi la thuat toan khéng trong lugng, hodc d:flng trong luong (voi cac 7, =1).
Khi d6 phat hién chum bang cach dém sé don vi chira trong chum va so sanh voi ngudng s6 K
(s6 nguyén duong). Tén hao phu do thuat toan phat hién khong trong lugng so voi thuat toan co
trong luong tang 1én ¢& 1,5 dB, nhung thé hién ky thuat (2) gian don véi mot bo dém va mot bo
so sanh s6. BO phat hién thuc hién thudt toan khong trong lugng (2) con co tén goi 1a by phat
hién sé k1eu “KIM”. Béi v6i mobi gla tri M - S6 TLN trong chum, ton tai mot ngudng sb toi wu
Kopt dé t6n hao do tich lity 1a nho nhat [8]:

_{ 0,5M  Muyc tiéu thing giang cham
opt —

v ®)
1,5YM  Muyc tiéu thing giang nhanh.

2.2.2. Thudt toan xac dinh nguong 16i wu nhi phan hoa anh muyc tiéu ra da

Trén thyc té anh viing quan sat clia dai ra da bién rat phiic tap voi nhidu myc tiéu da dang,
hon nita con bi anh hudng boi nhidu nén (séng bién). Tin higu phan xa vé tir séng bién co gia tri
cuong do 7 kha 16n khoang tur 1 dén 50 don vi tiy theo diéu kién thoi tiét trén bién cling nhu
khoang cach tir dai ra da dén muc tiéu (hinh 2). Gi4 tri cuong do cac 6 cu ly thudc muyc tiéu thang
giang phu thudc vao kich thudc, hinh dang, vat li€u ciia muyc tiéu, cy ly tir muc ti€u dén dai ra da
cling nhu cac yéu té khéc trén bién. Co nhiéu cong trinh d dé xuat xur Iy anh nén nhiéu nén, do
dac kich thudce va nhan dang cac muc tiéu trén bién [9, 10]. Tuy nhién, thuat toan xur Iy anh ra da
trong cac cong trinh trén st dung dir liéu ciia nhidu chu ky quét lién tiép dé khoéi phyc bién anh,
dan dén toc do xtr Iy chdm khong phu hop cho bai toan chi huy va didu khién. Otsu dé xut thuat
todn nhi phan héa, Yantong Zhan va cong su cling dé xuét cai tién thuat toan Otsu trén co s& xac
dinh ngudng nhi phan cta cic anh x4m va anh mau nham khoi phuc anh [7]. Viéc ap dung thuét
toan Otsu nhi phan anh ra da sé diém anh bi cét di rt 16n, ddn dén két qua sai s6 1on bai toan udc
lugng toa d tam anh muyc tiéu ra da (xem muc 3.2). Mot nhugc diém cua thuét toan Otsu, 1a phai
xdy dung biéu d6 histogram tir tit ca cac gid tri cia ma tran anh dé xac dinh gia tri ngudng lam
giam toc do xir Iy anh. Nhom tac gia dé xudt 4p dung phuong an suy rong cua “Thudt todn tira
16i wu phdt hién chim tin hiéu lwong tir nhi phan” trinh bay 2.2.1 dé xac dinh ngudng tdi wu nhi
phan hda anh ra da str dung dit liéu anh trong timg chu ky quét, gitip ting tdc bai toan xir 1y.
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Phuong vi [°]
2 3 4

Bién 66 [-]

Cu ly [m] 0 0 Phuong vi [°]

Hinh 2. Hinh anh muc tiéu MTI (Chu ky quét 1).
Dit liéu myc tiéu da cho 1a ma tran A c6 khong gian 3 chiéu. Bao gém thong tin vé cu ly x;,
phuong vi yj va mic nang luong 7. Nhu vay, suy rong tir (1) cho ma tr4n anh muc ti€u ra da
phan bd trén nhiu 6 cu ly va nhiéu 6 phuong vi ¢6 thé viét thanh dang:

n; >K, i=1l.n, j=1.m. 4)

Thuét toan (4) duoc goi la thuat toan khong trong luong, khi do, ngudng phat hién dugc thuc
hién bang cach dém sb don vi chtra trong anh ra da va so sanh véi ngudng sé K. Nhu vay, c6
ngudng t6i uu nhi phan hoa anh ra da Ky d6i v6i muc tidu c6 do phan giai cao, thing giang

nhanh nhu sau:
Koy =L54T. )

m,n
Trong do6, T = Z s /N va N la tong s6 diém anh cé gia tri duwong.

i=1,j=1

Trén thyc té khi can xtr 1y thoi gian thyc (xtr 1y online) dit liéu ca man hinh ra da trong vung
khong gian quan sat, c6 thé dp dung cong thirc suy rong (4) véi chi ¢t thw i khi do, (4) tro ve
giong thuat toan (1).

2.3. Uéc lwgng toa df tAm muc tiéu ra da

Co:so’ toan hoc woc lwong toa do tam muc tiéu tiw anh nhi phdan muc {iéu ra da i

Thé tich cta hinh tru gigi han boi mat cong z=f(x,y) vdi day la mién D trén mat phang Oxy
(hinh 3.a) dugc tinh boi tich phan kép. Roi rac hoa tich phan kép bang cach chia mién D bdi cac
luéi déu nhu ta co:

V= [[ £ (x y)dxdy . (6)
D
== fix,y) v 4 (%)
4 ¢ o~ (X, b N\
- »\] ' " y:‘ l" 7
R ° -’
a. Mo ta phuong phap roi rac hoa tinh tich phan mat ) b. Tém ciia mdt phing D
Hinh 3. Uéc luwong tam cia mat phang D.
Nhu vay: V=[] fooy)dxdy ~ 303 f(x,y,)Ax4y, (i,])eD. Y
D i

Néu ldy z = f(X,y) =1 cong thirc tinh thé tich V tr& thanh cong thire tinh dién tich day S. Do
do, tur (7) ta co:

16 V. X. Ha, ..., V. Quan, “Nghién citu bai todn wéc lwong toa dé muc tiéu bién cé phin gidi cao.”
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Szﬂf(x,y)dxdyzZZAxAy, (i,j)eD. (8)

Nhu vy, trong tim (X,y) cua ban phing cia mit phang D (hinh 3.b) ¢6 dién tich S dugc tinh
theo cong thirc nhu sau:

o1 . 1 .
ngZZXip(l,y)AxAy; yngZyjp(x,J)AxAy; 9
i j i j
véi =[x y)dxdy~D > F(x,y,)May va f(xy)=1, p(i,y) - S lugng & theo cot i
D [N

thudc mién D, p(X, j) - S6 lugng 6 theo hang j thudc mién D.

Ap dung d@é tinh tam ciia mién D. Mién D duoc chia thanh cac 6 twong ty nhu trén hinh 3 véi
AX=Ay =1nén dién tich S cia mién D dugc tinh bang tong cac 6 thudc mién D. Do trén moi
mién choi, gia tri mirc nang luong khong thay doi nén ham mat do f (x,y) =1. Do viy, co thé ap
dung dé tinh toa do tAm cta mién D nhu sau:

1 .
X xo D, XPAYYe g = Yy iys= Y1 (10)
. (i,j)eD . (i,j)eD (i,j)eD
Xét mién D duogce cho bdi cac ma tran diém anh a, b, ¢ trén hinh 4.

X A (%) ¥o) XA (X, Vo) X A (Xer Ye)
/
1 1 1 1 1 1
li /
1 1 1 1 1 1
1 1 1 1 1 1
0 >y 0 >y 0 >y
a b c

Hinh 4. Uéc lwong tam ciia ma trdn diém anh.

Minh hoa cach tinh toa d0 tdm vd&i ma trdn trén hinh 4.b. Khi d6: x;=1, p(1,y)=2, y;=1,
p(x,1)=2; X,=2, p(2,y)=0, y>=2, p(x,2)=0; x3=3, p(3,y)=2, y5=3, p(x,3)=2; S=4.

Toa d6 tdm cua mién D cho boi ma tran b dugc tinh theo (10) nhu sau:

X-PLY)+%.p(2,y)+%.p@BYy) 12+20+32 8

X, = =—=2,
S 4 4

VP D)+ Y,.p(X,2) + X,.p(X,3)  1.2+2.0+32 8 9

T S - 4 V.

Nhu vay, véi mién D dugc cho boi ma trén bat ky ap dung (10) dé wde luong toa do. Thuat
todn (10) ap dung udc lugng toa dd tdm cac anh ra da sau khi nhi phan hoa.

3. KET QUA UOC LUQNG TQA PQ TAM CAC MUC TIEU CO PQ PHAN GIAI CAO

3.1. Lua chon ngudng téi wu nhi phan héa cho anh muc tiéu ra da
Dé danh gia hiéu qua cua thuat toan (5) dbi v6i muc tiéu thing giang nhanh, thyc hién tinh
toan ngudng toi wu nhi phan héa d6i véi anh myc tiéu MT1 qua 16 chu ky quét cua dai ra da.
Phan tich dit liéu cua anh ra da MT1, d6i v6i ngudng (K=0,5T — nguong dgz voi muc tiéu
thang giang cﬁdm) ’c"y c}}u ky quét thu 4, 9, 12, 13, 14, 15 va ’16 SO di,ém ?nh bi cat di’ chiém gan
50% so voi tong sO diém anh (hinh 5.a2). D61 voi ngudng t6i vu, s6 di€m anh bi cat di khong

Tap chi Nghién cieu KH&CN quén sw, Sé 84, 12 - 2022 17



K7 thugt diéu khién & Dién tiv

nhiéu trong ca 16 chu ky quét (hinh 5.b). S6 diém anh bj cit di nhiéu do ngudng K=0,5T c6 gi&
tri 16n hon ning lugng ciia cdc diém bién anh ra da, ngudng téi wu c6 gia tri 1én nho hon mirc
ning lugng thap nhét (ning lwong anh nén - mat bién) ciia anh ra da. Phan 16n muc ning luong
bién anh ra da MT1 c6 gia tri khoang 20 (hinh 6). Diéu nay s& gay ra sai sé bai toan udc luong
toa d0 tam cda anh ra da.

Hinh 6.

S diém
2

160

-Tong s6 diém
EISH diém vuot ngudng 140
I S6 diém bi cit

I Tong s6 diém
S diém vugt ngudng
I S6 diém bi cit

S6 diém
=l
(=]

()

4 6 8 10 12 14 16

2 4 6 8 0 12 14 16 )
Vong quét Vong quét
r
a) Nguong K=0,5T b) Nguong toi wu
N , ’ ~ . a ;g
Hinh 5. Tinh toan ngudng nhi phdn héa anh ra da MT1.
200
I Mrc ning luong lén nhé} 140
[ Mirc nang luong nho nhat M e ning luong 16n nhat
I Nguing K=0,5T 120 {/{EEEMyrc nang lwong nho nhat
150 | Ngwong t5i v BN ouing K=0,5T
- ) 100 N oudng t6i wu
= =0
g E
7= Z 30
£'100 ®
2 5 60
= H
50 40
20
0 0
2 4 6 8 10 12 14 16 ) 4 6 8 10 12 14 16
Vong quét Vong quét

So sanh gid tri ngudng t6i wu véi mirc Hinh 7. So sdnh gid tri ngudéng toi wu véi mirc

nang luwong anh ra da MT1.

200

150

So6 diém
=
(=]

nang lwong danh ra da MT2.

[

-Tons sb diém
[ES6 diém vuot ngudng
I S6 dicm bi cit

I S6 diém bi cit

S6 diém

4 6 8 10 12 14 16 2 4 6 8 10 12 14 16

Vong quét Vong quét ,
a) Nguong K=0,5T b) Nguong toi vu

Hinh 8. Tinh todn nguéng nhi phdn héa anh ra da MT2.

Phan tich di li¢u cia anh ra da MT2, ddi v6i ngudng K=0,5T s6 diém anh bj cit di kh lon.
Trong ca 16 chu ky quét vi ngudng nay s6 diém anh bj cit di khoang 30% so v6i tong sé diém
anh (hinh 8.a). Déi vai ngudng t01 vy, s6 diém anh khong bi cat nhiéu trong ca 16 chu ky quét
chiém tir 2 dén 4% so véi tong sé diém anh, mic di ngudng tdi uu c6 gia tri 16n hon mirc ning
luong thap nhét cua anh ra da trong ca 16 chu ky quét cta ra da (hinh 8.b). Phan 16n mirc ning
luong bién anh ra da MT2 ¢6 gia tri khoang tir 6 dén 7 (hinh 7).
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Hinh 9. Hinh anh 3D MT]I. Hinh 10. Hinh anh 3D MT2.

Dbi véi ngudng ngudng (K=0,5T), nhan thdy rang, sd diém anh ra da cia MT1 va MT2 qua
16 chu ky quét s6 diém anh bi cat di kha 16n. Muc tiéu MT1 c6 mirc nang luong phan bd khong
déu va c6 nhiéu diém chéi, thang giang nhanh do sy thay ddi cua cac diém choi va nhidu bién
qua cac chu ky quét (hinh 9). Muc tiéu MT2 c6 mirc nang luong phan bd khong déu va co nhiéu
diém choi, tuy nhién, sy thing giang thay d6i cham hon MT1 (hinh 10).

Phan tich dit liéu cia MT3 (bang 2) cho thiy, ning lugng muc tiéu thing giang kha 16n. Tai
cac chu ky quét tir 1 dén 6 ning luong trung binh T c6 gia tri khoang 60. Tuy nhién, tai cic chu
ky tir 7 dén 10 gia tri ning luong trung binh T chi khoang 36. S6 diém anh cua muc tiéu ra da
cling thing giang nhanh qua cac chu ky. Tai chu ky 9 s6 diém anh 1a 542, trong khi d6, cac chu
ky quét 5 chi c6 276 diém anh.

Bdng 2. Dit liéu muyc tiéu tau container MT3.

Chu ky quét 1 2 3 4 5 6 7 8 9 10
T 629 | 59,2 | 626 | 593 | 642 | 609 | 360 | 357 | 358 | 37,7
S6 diém anh 296 | 283 | 311 | 284 | 276 | 238 | 523 | 496 | 542 | 472

Sb diém anh con lai sau khi nhj phén

Ko =L5WT | 296 | 283 | 311 | 284 | 276 | 238 | 433 | 405 | 446 | 371

S6 diém anh bi cit ting dan twong tng voi cic ngudng nhi phan 16n, twong tng voi mirc ning
luong trung binh T. Ngudng nhi phan téi uu Kopt sO diém anh bi cit khoang 13% d6i voi MT3.
Néu tang ngudng nhi phan hoa anh ra da Ién thi s6 diém anh bj cat ciing tang 1én. Nhu véy, thong
tin vé anh ra da s& bi mét, dir liéu anh sau nhij phéan hoa chi con phﬁn diém anh c6 mirc nang
luong 16n (diém chéi). Tuy nhién, nhitng diém choéi nay lai thang giang 16n s& dan dén viéc sai s6
rat 16n bai toan ude lugng tim anh ra da.

Bdng 3. Dit liéu muc tiéu tau ca MTH4.

Chu ky quét 1 2 3 4 5 6 7 8 9 10
T 374 | 394 | 398 | 357 | 494 | 402 | 333 | 352 | 336 | 416
Sb diém anh con lai sau khi nhj phén
Kow =L5VT | 39 43 41 34 37 40 44 52 37 39

Péi véi tau co kich thude nho (tau c4, tau hang), s6 diém anh cua muc tiéu ra da nho. Nang
lwong phan xa vé cling khong 16n. Murc nang lugng trung binh T ¢6 gia tri khoang 30.
Bdng 4. Dit liéu muc tiéu tau hang MT5.

Chu ky quét 1 2 3 4 5 6 7 8 9 10
T 304 | 271 |35 |431 |34 | 253 | 326 |329 |231 | 308
Sb diém anh con lai sau khi nhi phan
Ko =L5WT | 132 |93 |o8 |14 |98 |97 |93 |o4 [107 |102

Do6i voi tau co kich thude 16n (tau container), so diém anh cua muc tiéu ra da 1on. Mac nang
lugng phan xa veé cling. SO diém anh ma muc nang luong phu thugc vao khoang cach cua muc
tiéu so vadi dai ra da. Mrc nang lugng trung binh T nho dan va so6 diém anh cling giam khi tau &
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khoang cach xa, c6 hudng di ra so voi dai ra da (bang 5). Muc ti€u MT6 cy ly khoang 103,6 km.

Bdng 5. Dit liéu muc tiéu tau container di huong tam MT6.

Chu ky quét 1 2 3 4 5 6 7 8 9 10

T 48,9 42,2 44,0 44,6 51,3 57,4 53,2 46,5 49,0 41,0

S6 diém anh con lai sau khi nhi phan

KOpl =1, SxF 129 157 171 143 128 125 129 111 103 96

Mirc ning luong trung binh T 16n va sé diém anh ciing nhiéu khi tau & khoang cach gan dai ra
da, muc ti€u MT7 cu ly khoang 17 km (bang 6).

Bdng 6. Dit liéu muc tiéu tau container di ngang MT7.

Chu ky quét 1 2 3 4 5 6 7 8 9 10

T 66,6 70,3 59,7 62,3 67,8 66,0 61,2 55,4 58,5 67,7

S6 diém anh con lai sau khi nhi phan

Ko =L5VT 369 |360 |411 328 |358 |206 |[371 |[350 |355 |316

Nhu vay, cac muc ti€u c6 kich thudc 16n trén bién, anh ra da c6 nhiéu diém chéi théng giang
nhanh qua cac chu ky quét. Trén co s& phan tich va tinh toan, nhém tac gid dé xuat lya chon
ngudng ti wu Kot =1, 5T dé nhi phan hoa anh myc tiéu ra da v6i myc dich nén nhiéu nén, ma
van dam bao gitr diy du thong tin anh va nang cao chat lugng bai toan wéc lugng toa do tim cua
anh muc tiéu ra da.

3.2. Két qua wéc lwong toa dd tim ciia muc tiéu ra da

Trén hinh 11 mé ta két qua nhi phan héa va udc lugng toa do tam MT1 voi ngudng t6i wu
trong 3 chu ky quét 1, 2 va 3. K&t qua cho thay toa do tdm ciia myc tiéu qua cdc chu ky quét phu
thudc vao so diém anh phan bo ctia anh sau khi nhi phan.

Phuong vi [1]
2 3

Phuong vi ']
2 3

5
® Tam muc tiéu

Phuong vi ']
0 1 5 6 0 1 2 3 4 5 6

@® Tam muyc tiéu

® Tam muc tiéu

Cu ly [m]
Culy [m]
Culy [m]

a) Chuky 1 b) Chu ky 2 c) Chuky 3
Hinh 11. Két qua wéc luong toa do tam muc tiéu MTI cdac chu ky khdc nhau.

Trong truong hop ving anh ra da sau khi nhi phan tuong d6i 6n dinh qua cac chu ky quét thi
toa do tdm muc ti€u khong thay doi nhiéu va twong rng voi tdm hinh hoc cua anh. Tuy nhién,
neu tin hi¢u phan xa tir muc tiéu ra da thang giang nhanh thi hinh dang vung dnh muc ti€u sau
khi nhi phan bi thay do6i, dan dén toa do tdm ctia muc ti€u cling thay doi theo.

Bdng 7. Két quad woc luwong toa do tam muc tiéu MTI1, MT2.

Chu ky quét 1 2 3 4 5 6 7 8 9 10

ML 1S ly (m) 45428 | 45419 | 45415 | 45412 | 45406 | 45401 | 45394 | 45386 | 45380 | 45373
Phuong vi (d0) | 262 | 262 | 262 | 262 | 262 | 261 | 261 | 262 | 261 | 261

M2 |Culy (m) 15794 | 15783 | 15775 | 15771 | 15767 | 15764 | 15760 | 15753 | 15745 | 15750
Phuong vi (d9) | 80 80 80 80 80 80 80 80 80 80

Phan tich két qua ug’rc luong toa d6 tam muc tiéu MT1, MT2 trong béng 7 (dit liéu trong bang
dugc lam tron) cho thay: cac muyc tiéu dang c6 xu hudng di chuyén vé gén dai ra da, tuy nhién
d6i voi MT1 tai chu ky quét 8 va MT2 tai chu ky quét 7 cu ly muc tiéu tang so véi chu ky quét
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trude (vée to van téc nguoc so voi huéng chuyén dong cua muc tiéu). Didu nay xay ra do tin
hiéu phan xa tir muc tiéu thang gidng, dan dén két qua udc lugng toa dd tam muc ti€u bi léch kha
16n tai cac chu ky quét trén.

Bing 8. So sanh wéc lwong toc do.

s Vin téc trung binh
Chu ky quét 2 3 4 5 6 7 8 9 10 (i 1/ei)
MT6 123 | 20,7 | 189 | 16,2 | 150 | 16,2 09| 22,7 | 134 14,9
MT7 16,3 | 158 | 157 | 150 | 171 | 16,8 | 150 | 181 | 159 17,02

Dé danh gia anh hudng thing giang dén két qua udc luong toa do tim muc tiéu tién hanh so
sanh két qua uéc lugng van toc MT6, MT7 trong bang 8. DPdi véi muc tiéu 1a MT7 container di
ngang d6 léch udc vén tdc khong 1on. Tuy nhién, véi muyc tiéu MT6 container di huéng tam, do
lénh udc luong toe do gitta cac chu ky va so v6i van toc trong ca 16 chu ky quét lon. Phan tich
két qua udc luong toa d6 tim ciia 7 myc tiéu véi 16 chu ky quét lién tlep, két qua cho théy, voi
muc tiéu ¢ cy ly 16n va thing gidng 16n va do léch woc lugng 16n dan dén ude lwong van tde
thang giang.

So sanh két qua udc lugng tam muyc ti€u dbi vai ngudng ti uu Kopt Va ngudng Ko, theo thuat
toan Otsu, két qua tinh toa d¢ tam theo 6 cu ly va phuong vi thé hién trén bang 9.

Bing 9. Két qua woc heong toa do tam muc tiéu theo é cw ly va phwong vi ciia MT1.

Chukyquét | 1 | 2 | 3] 4|56 ] 7[8 ]9 ]10]1m[12]13]14]15]16

Toa dg tam dnh tinh theo Ky

Cu ly (6) 4543 | 4542 | 4542 | 4541 | 4541 | 4540 | 4539 | 4539 | 4538 | 4537 | 4537 | 4536 | 4535 | 4535 | 4534 | 4533

Phuong vi (6) | 1192 | 1191 | 1191 | 1189 | 1189 | 1188 | 1188 | 1190 | 1187 | 1188 | 1187 | 1187 | 1185| 1185 | 1184 | 1185

Toa do tam anh tinh theo Ko,

Cu ly () 4541 | 4541 | 4541 | 4541 | 4541 | 4538 | 4538 | 4539 | 4538 | 4537 | 4535 | 4535 | 4534 | 4533 | 4533 | 4532

Phuong vi (0) | 1193 | 1190 | 1190 | 1184 | 1184 | 1183 | 1182 | 1183 | 1181 | 1182 | 1185 | 1182 | 1181 | 1179 | 1180 | 1181

Tur két qua tinh toa d6 tdm theo cac ngudng tdi wu Kopt va Koy thay rang toa d6 tam ngudng
t6i wru chinh 13 toa d6 tim anh ra da ddi voi hai ngudng nay khac nhau (hinh 12). Toa do tam tinh
theo ngudng Otsu bam theo murc nang luong dinh cua cac diém choi va thang giang rat 16n. Gia
tri van toc tirc thoi tinh theo timg chu ky quét thing giang ca vé hudng chuyén dong va do 1on
cua van tbe.

STT | 1179 | 1180 | 1181 | 1182 | 1183 | 1184 | 1185 | 1186 | 1187 | 1188 1189‘1190‘1191‘1192‘1193‘1194

16
4532 Toa d6 tdm dnh tinh theo Kox

4533 | 14 | 15 13 Toa d6 tim dnh tinh theo Kov

4534 13 i3

4535 12 13 14

4536 11 12

4537 10 11 10

4538 9 7 6 9

4539 8 7 8

4540 6

4541 4,5 4,5 | 2,3 1

4542 2,3

4543 1

Hinh 12. Toa dé tdm muc tiéu MTI (16 chu ky).
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Trén hinh 13 1a két qua tinh van tdc trung binh va véan toc tirc thoi ctia muc tiéu qua cic chu
ky quét. Két qua cho thay, d6i v6i ngudng nhi phan hoa theo Ko, vén toc trung binh va vén toc
tae thoi thay ddi nhanh qua cac chu ky, diéu nay khong phu hop véi thue té khi muc tiéu duoc
chon chuyén dong cham, hudng di chuyen gan nhu khong thay dbi qua cac chu ky. Pdi véi
ngudng nhi phan hoa theo Koy vén toc trung binh va van tdc tirc thoi ciia muc tiéu thang giang
khong nhiéu va tuong ddi on dinh, didu nay phi hop véi muc tiéu dugc Iya chon. Didu nay mot
lan nita khang dinh ngudng t6i wu nhi phan héa anh ra da duogc lwa chon pht hop cho bai toan xir
1y anh ra da co kich thudc 16n, thang giang nhanh qua cac chu ky.
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Hinh 13. Udc luong vin toc MTI.

4. KET LUAN

Dura trén két qua phan tich dir liéu cac muc tiéu thyc &, v6i mic ngudng t6i vu Kopt €O thé nén
nhiéu nén tét, ddng thoi van giit duoc thong tin vé hinh hoc ctia muyc tiéu co do phan giai cao trén
bién phuc vu bai toan udc lugng toa d6 tam. Gia tri mirc nang luong trung binh T phu thuge vao rat
nhiéu yéu t6 nhu vén tdc, cu ly va kich thudc caa muyc ti€u bién. Néu mirc ning luong trung binh T
16m, toa d6 tdm anh ra da c6 xu hudng dich chuyén vé cac vung diém chéi anh ra da. Két qua udc
luong toa do tim muc tiéu ra da ddi véi ngudng Kept 0 thé duogc sir dung dé cung cap toa do cho
bai toan loc bam quy dao muyc ti€u. Uu diém cua cach tinh toa do tim theo ngudng tdi uu so Vi
ngudng dua trén thudt toan Otsu la tde d6 tinh toan nhanh, c6 thé xur 1y toa do tirc thoi voi ) luong
muc tiéu 16n. Tuy nhién, véi muyc tiéu ¢ khoang cach xa toa d6 tam muc ti€u bi anh hudng su thang
gidng nang luong ciia cac ving diém choéi. Dé néang cao do chat luong bai toan udc luong toa do
tam anh muc tiéu phén giai cao, nhom tac gia dé xuat hudng nghién ctu tiép theo wde luong toa do
tam c6 tinh dén murc nang luong clia cac ving diém chéi ciia ma tran diém anh muyc tiéu ra da.
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ABSTRACT
Studying the problem of determining the coordinate of high-resolution marine targets

For large marine targets, their high-resolution radar images are distributed over many
range and azimuth plots. This brings a requirement to estimate the coordinates of the
centers of the targets to provide input for tracking filters. The article proposes a method to
determine the threshold for binaryization of radar images on the basis of generalization of
“the algorithm to determine the optimal threshold for detecting binary quantum signal
beams” and estimating large marine target center coordinates.

Keywords: Radar image; Complex target; Binary image; Estimated coordinates.
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