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TOM TAT

Bai bao trinh bay nghién ciru vé anh myc tieu radar hang hai,
trong da di sau vao nghién ciru thuat todn vac legng digm mac
dai dién dya trén anh radar va dé xudt pheong phap sir dung
céc tham sd chuyén dang cia cac muc tiéu trén bién. D& xuat
mat thuat toan dé phan lap toan ba &nh quét radar, treng ing
v gid tri cuerng da tin higu ndm trong khodng tin higu nha nhat
va lan nhat nham tinh toan diém méc dai dién cla muc tiéu trén
bién vai d chinh xac trong ddi. Sai sd trung binh binh phreng
cia diém mdc dai dién véc lveng duge so sanh vai tin higu
nhan dugc lan nhét theo khoang cach va phrong vi trén man
hinh. Trén co s& diém mdc dai dign cia muc tiéu va cac tham
sd chuyén dang cia muc tigu dé ra phurong phéap phan cum muc
tigu va nhirng déc trung cia muc tidu, dé xuat thuat toan bam
muc tiu cai thién higu qua trong viéc st dung céc dac trung
clia muc tiéu phirc tap dé nang cao chét lreng loc bam muc tigw
da diém chai trén bién cia radar hang hai. Phuong phap phan
cum va loc bam muyc tieu st dung thuat todn cung cép sai sd
trung binh nha nhét khi xac dinh vi tri muc tigu theo cu ly va
theo phirong vi.

Tir khéa: Radar hang hai; diém mdc dai dién; phan cum muc
tiu; loc muc tigu; bam muc tiéw.

1.DAT VAN DE

Trong béi cadnh giao théng hang hai toan cau ngay cang gia
tang dot bién, viéc dam bao an toan va t6i uu hda hiéu qua hoat
doéng da trd thanh moét thach thic 16n. Déi véi s6 lugng, chiing loai
muc tiéu I6n va dnh hudng tir cac yéu t6 moi trudng nhiéu bién doi
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ABSTRACT

This paper presents research on marine radar target imagery,
focusing on an algorithm for estimating the representative
mark point based on radar images and proposing a method
that utilizes the moving parameters of sea targets. An
algorithm is developed for layering the entire radar scan
image, corresponding to the minimum and maximum signal
strength values, to calculate the representative mark paoint
of a sea target with relative accuracy. The mean square error
of the estimated representative mark point is compared with
the maximum received signal in terms of range and azimuth
on the screen. Based on the representative mark point and
motion parameters, a method for target clustering, as well
as for filtering targets and their characteristics is proposed.
Furthermore, a target tracking algorithm is presented and the
superiority of using the characteristics of complex targets
is evaluated to improve the quality of multi-point luminosity
target tracking. The tracking method using this algorithm
provides the smallest average error when determining the
target's position in terms of range and azimuth.

Keywords: Marine radar; representative mark point; target
clustering; filtering target; Tracking target.

héi cac théng tin cung cap vé muc tiéu phai nhanh, lién tuc va c6 do
chinh xac cao, trong dé kich thudc va quy dao muc tiéu mang nhiéu
y nghia thuc tién dé tranh va va ddm bdo an toan hang hai [1, 2.
Viéc loc, bam quy dao muc tiéu trén bién hién tai dugc thuc
hién théng qua viéc nang cao d6 chinh xac cia cac may thu radar
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hodc ing dung cac mé hinh thuat toan x ly quy dao dé dam bao
do chan thuc cta quy dao loc, bam theo thdi gian thuc [3, 4]. Ca hai
cach ti€p can trén sé ton tai nhiing nhugc diém nhu tinh chat da
diém d6i v&i mot muc tiéu bién co kich thudc xéac dinh. Cac thuat
todn loc, bam theo céc dang khéac nhau sé cho ra cac hinh anh muc
tiéu va dang quy dao khac nhau [5, 6].

Tuy anh radar c6 d6 phan giai cao nhung trong diéu kién quan
sat thuc té€ nhiéu nén thudng lam bién dang manh hinh anh muc
tiéu quan sat dugc, vi vay can phai phat trién cac thuat toan xu ly
anh radar nham thu dugc cac tham s6 toa d6 muc tiéu chinh xac,
6n dinh nhdm x{ ly théng tin radar va cac tham s6 chuyén déng
clia cadc muc tiéu trén bién [7]. Bai bao gidi quyét van dé dé bang
viéc xac dinh diém mdc dai dién cla hinh anh muc tiéu, x ly phan
I6p anh muc tiéu sau d6 dung thuat toan K-means dé udc lugng va
phan cum diém chdéi muc tiéu lam co s cho thuat toan loc, bam
quy dao muc tiéu.

2. MUC TIEU TREN BIEN VA BIEM MOC PAI DIEN MUC TIEU

2.1. Mé hinh tin hiéu phan xa muc tiéu trén bién

Khi thu tin hiéu phan xa tr& vé, bién do va pha cua tiing tia
song phan xa luén cé su thay déi phu thudc vao hinh dang, kich
thudc, vi tri cila muc tiéu va yéu té tac dong clia moéi trudng xung
quanh. V&i muc tiéu cé kich thudc 16n, tam tan xa khong phai la
mot diém, ma sé la mét tap hap cac phan ti phan xa nhat dinh, phu
thudc vao dién tich phan xa hiéu dung cac bé mat phan xa thanh
phan, budc séng clia tram radar, khoang cach tir anten radar t6i cac
bé mat phan xa thanh phan. Viéc thiét 1ap mé hinh tin hiéu c6 ich
phan xa tir muc tiéu phuic tap cé thé thuc hién bang cach tinh toan
céc tin hiéu phan xa tir cac diém “sang nhat” cda dién tich phan xa
hiéu dung muc tiéu, ma dugc biéu dién dudi dang cac phan xa diém
(dugc goi la diém chai).

Hinh 1. Mé hinh tau ¢ trung binh phén chia thanh 12 diém phén xa

DE mo ta tin hiéu phan xa, dau tién, can thiét 1ap vector toa do
cac diém chéi r.trong hé toa d6 lién két v6i muc tiéu, vector phap
tuyén ctia dién tich phan xa hiéu dung déi véi ting diém chéi thirn,
céc goc gidi han quan sat a, vector ban kinh r_ hudng t6i muc tiéu
va cac goc khong gian clia muc tiéu so véi vi tri ang-ten. Véi truong
hop téng quét la khong gian ba chiéu, sé cé:

n=(x,Y,,2)
f(r;‘ani:ai) ni :(xni’yni’zni)

1
a =(aq,..a,) g

khi chuyén toa d6 ghép véi muc tiéu sang toa dé gan véi dau
do radar bang ma tran dang:
1 0 0 cos(c) sin(c) 0O cos(b) 0 —sin(b)
F(a,b,c) —{0 cos(@) sin(a)}x[—sin(c) cos(c) O}{ 0 1 0 ] 2)

0 —sin(a) cos(@) 0 0 1 sin(b) 0 cos(b)

Trong dé: i, n, g, b va ¢ tuong Ung la chi s6 ctia diém choi va s6
lugng céc diém choi cac goc trong khong gian ba chiéu clia muc tiéu.

2.2. Pac diém cta muc tiéu trén bién

Diéu kién dé radar quan tric dugc muc tiéu thi kich thudc vat
ly clia xung thdm do cuda radar phdi c6 cung kich thudc vat ly cla
diém choi. D6 phan gidi dugc xac dinh bai hai tham s6 1a do dai
xung 7 va dé dai clia cung tuang Ung vdi dé réng bup séng anten
trong mat phéng phuong vi /,

Trong dé:

l,=0xr €)
va dé phan gidi c6 dang:

o=rtxl,=f(r) (4)

Tinh chat va hién tugng da diém ddu phat hién cda muc tiéu
khi bi phat hién va theo déi bdi radar xac dinh muc tiéu nao dé sé
phu thudc vao dai cu ly quan trac. Nghia la & viing cu ly can xa,
trung binh va gan, khi thda man diéu kién 1, > max(z,0,4) muc
tiéu radar c6 thé trg thanh muc tiéu phc tap véi da diém dau phat
hién. Con & dai cu ly xa, diéu kién trén khéng théa man, muc tiéu sé
chuyén thanh 16p cac muc tiéu diém.

3.CACTHAM SO VA THUOC TiNH CUA DIEM MOC DAI DIEN

3.1. X& ly &nh muc tiéu trén bién

Trong pham vi quan sat clia dai radar s6 lugng muc tiéu rat I6n,
trong d6 da s6 la tau ca, tau hang, tau container... Do kich thuéc cac
muc tiéu khac nhau, dan dén kich thudc anh trén man hinh cling
khac nhau. Anh clia cdc muc tiéu phan bé trén nhiéu 6 cu ly va 6
phuong vi véi mau sac khac nhau dua trén muic nang lugng phan
xa V&, Gia thiét man hinh dai radar cé kich thudc 18.500x1.650 diém
anh, tuong Uing vaéi 18.500 6 cu ly do phan giadi Ar=10mva 1.650 6
phuong vi d6 phan gidi Ag =0,22°. Hinh 2 mé ta hinh anh man hinh
radar trong thuc té.

Hinh 2. Man hinh radar

DPé phan tich mét dic tinh cla cac loai muc tiéu trong vung
quan sat, bai bdo st dung 3 I6p muc tiéu dai dién cho cac loai muc
tiéu trong vuing quan sat. Dir liéu cac muc tiéu nay dugc ldy lién tiép
15 chu ky quét ctia dai radar. Trén cd s& két qua phan tich 3 I6p muc
tiéu nay va sé dé xuat phuong an xt ly thai gian thuc cho tat ca cac
muc tiéu trong vung khong gian quan sat ctia dai radar.

Cac phan ti cia ma tran diém déu A,,[nm.p,,], trong dé
n=1,2,..N; m=1,2,..M1a mét diém anh ndm & 6 cu ly thir n c6 toa dd
x, =nxAr va 6 phuong vi thi m c6 toa dé daiy, =mxAfxx, cé gia
tri cudng d6 .., trong khoadng tir 0 dén 255.

Mbi dang muc tiéu sé co kich thudc anh khac nhau phu thuéc
vao kich thudc vat ly ciia muc tiéu, cu ly clia muc tiéu. Doi vai cac
muc tiéu st dung dé khao sat, tau ca c6 kich thuéc nhé chiém s6
lugng di€ém anh it nhat (ti 30 dén 60 diém anh), tau hang ¢6 kich
thudc trung binh tuong Ung véi s6 lugng diém anh & muc trung
binh (tir 100 dén 150 diém &nh), tau container c6 kich thudc 16n
binh chiém s6 lugng diém anh nhiéu nhat (tir 300 dén 400 diém
anh). Sau méi chu ky quét kich thuéc anh muc tiéu va gia tri cudng
d6 cac di€ém anh thay d6i do su thang giang ctia tin hiéu phén xa tu
muc tiéu radar.

Muc tiéu phuc tap la muc tiéu c6 nhiéu diém chéi (la tap hap
cac gid tri A,-,- c6 cudng dé cuc tri so véi vung lan can). Trén Hinh 3
la anh muc tiéu radar nam tuong Ung & cac 6 cy ly trén man hinh.
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Ma trdn diém ddu tuong iing

Hinh 3. Anh muc tiéu va ma trén diém dau tuong ting

3.2. Udc lugng tam cac ving chéi va diém méc dai dién
muc tiéu

Cac cong trinh nghién cdu st dung anh radar nhi phan héa dé
xac dinh diém mdc dai dién muc tiéu ma khéng tinh dén trong sé
vé muc cudng d6 méi diém anh (cudng dé tin hiéu phan xa to muc
tiéu) [8, 9]. Tam anh nhi phan la tdm hinh hoc clia mat cat anh 3D
theo muc cudng d6 xac dinh. Tam nay cé xu hudéng thay d6i manh
khi hinh dang mat cét bi thay déi, hinh dang nay déi véi muc tiéu
bién thay déi tuong d6i nhanh qua cac chu ky.

Gia st anh radar dugc chia thanh K I6p, ton tai L ving chéi
thudéc mot muc tiéu ky hiéu la D,, D,,..D, v6i muc cudng dé tuong
ung ky hiéu la p,, p,,... p,, toa tam cac vung chéi dugc ky hiéu tuong
ung la C (x, y,), C,(x, ), C X, ¥)... C,(x, ¥ ), 1=1,2,...,.L. Nhu vay, gia tri
cuong do clia mét I16p thi i dugc tinh theo cong thic:

pi :pmin +ZAK (5)
Trong dé:
A — pmax _pmin ; i=1,2,...,K

k K

Puin 12 gid tri cudng dé nhoé nhat khac 0 clia anh;

Prmax |3 gid tri cudng d6 16n nhat cta anh.

Nhu vay, diém méc dai dién muc tiéu dugc tinh khi sir dung
tam cac vung chdi va gia tri cudng dé ky hiéu la C(x, y ). Toa d6 trong
tam anh radar dugc tinh khi s&r dung toan bé toa do diém anh va gia
tri cudng do diém anh cla tat cd cac diém anh thudc muc tiéu ky
hiéu la C (x,, y,).

Phuong phap udc lugng diém méc dai dién muc tiéu st dung
cac vung chai véi gia thiét da phan cum thanh céng céc ving choi
vao mét muc tiéu, dugc chia lam 3 budc:

- Budc 1: Xac dinh kich thudc, s6 lugng cac ving chéi bang
cach phan I6p anh muc tiéu. Trén Hinh 4 minh hoa mét anh muc
tiéu dugc chia thanh 6 16p (cac 16p dugc phan biét bang cac mau
khac nhau), 16p 1 khéng ¢6 vung chéi (do gia tri cudng do la nho
nhat), cac 1&p con lai ¢ 3 vung chéi (duge danh s6 tir 1 dén 3). Nhu
vay, cac vung chaila tdp hop cac di€ém ndm lién nhau cé cling cudng
d6 va I6n hon cudng dé cac diém anh xung quanh.
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Hinh 4. S6 lugng va kich thudc viing chéi doi véi tau container

Dé théa man yéu cau phan I6p, trudc tién phai gan méi I6p 1
gia tri. Sau do6, chuyén cac gia tri cudng d6 diém anh cla ma tran
anh muc tiéu vé gia tri cac |6p theo phuong thiic danh sé cac lop
tlr 1 dén K, cac I6p o gia tri cudng do tuong Ung la Class[1] ti o
dénp,, Classliltirp,, dén p,..Class[K] titp,  dénp__.Chuyénmatran
diém anh A, (n,m, p ) sang ma tran gia tri I6p theo phuong thic
sau: Néu cudng do diém anh p_ € Class[i] thi gan gia tri diém anh
A,.tn,m,p )=AT (n,m,i), trong dé n=1..N, m=1.. M, i=1..K. Khi
do6, matran AT (n, m, i) la ma tran ma hoa béi cac I6p, cac diém anh
khi do sé c6 cac gia tri cuong do tuong tng la p,.

- Budc 2: Udc lugng tam cac vung chéi. Toa dé tam cla cac
vung chéi dugc xac dinh nhu xac dinh tdm cla anh nhj phan nhu
mo ta dudi day:

x1zi Z xiP/U)?leSL Z Y0, S, = Z 1 ©)

I (i,jeD)) 1 (,jeDy) (i,jeD;)

Vi S, la téng s6 diém anh thudéc mién D, p (i) 1a téng s6 diém
anh theo cotithuéc mién D, p(j) la t6ng s6 diém anh theo hang thur
j thudc mién D, Nhu vay, biéu thitc (6) 4p dung udc lugng toa do
tam cac vung chéi cia anh radar sau khi phan 16p.

- Budc 3: Phan cum va udc lugng toa do clia muc tiéu st dung
tam cac vung chdi va muic cudng dé vung. Sau khi xac dinh dugc
toa dé tam clia cadcvung chéiD,, D,,..D,, diém méc dai dién ctia muc
tiéu radar C(x,, y ) dugc xac dinh theo cong thic sau:

L L

Zx, X P, ZJ’/ X P
X = z=1L by, = z=1L
sz Zpl
=1 =1

Luu d6 thuat toan x{ ly dit liéu radar theo tia (tuan ty theo
ting géc phuong vi) dugc trinh bay trén Hinh 5.

Dir liéu dAu vao anh radar

(7)

Hinh 5. Luu do thudt toan tim viing cuc tri
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Can ct vao phan tich 3 nhém muc tiéu, dé xuat chia anh radar
thanh 6 16p, m6i 1&p cach nhau 30 don vi gia tri cudng do, véi gia tri
cuong d6 nhé nhat p_ = 20, gia tri cudng do I6n nhat p,_ = 200.
Gié tri s6 |dp va khodng cach cac 1p c6 thé thay d8i trong qua trinh
tinh toan tly thudc vao anh muc tiéu radar. Két qua phan I6p anh
radar dugc chi ra trén Hinh 6 d&i v6i muc tiéu cé nhiéu vung choi
khac nhau.

Arwmuih ()

Fangs imj

Ma trdn dnh goc

=
(=1
wn

Range (m)
B - -
= B B 3 o
B 2 000
- [x] w = n -

Ma tr@n dnh sau phan Iop
Hinh 6. Viing chéi cta tau muc tiéu

4. THUAT TOAN PHAN CUM VA LOC BAM MUC TIEU TREN
BIEN

4.1. Thuat toan phan cum da diém chéi muc tiéu

Thuat todn phan cum K-means dugc Ung dung trong théng
ké toan dé xac dinh cac udc lugng c6 dd hgp ly cuc dai. Mbi vong
Idp clia thudt toan ludn trudc tién tinh toan gia tri ky vong clia ham
hgp ly, sau dé xac dinh udc lugng hgp ly cuc dai khi tang cac gia tri
ky vong. Gia tri cyc dai nay sé dugc st dung cho vong lap tiép sau.
Vong lap sé chi dung khi hoi tu. Ban chat cla thuat toan K-means
1a & ché thuc hién cuc tiéu hoa téng J binh phuong dé léch clia cac
diém x,$0 V@i tam cum v,, nghia la:

K
J=Y3 p(x,v,) - min(S) ®)
k=1 x;eS;
V6i K la s6 cac cum, p la ham tinh dé léch cta cac diém.
Nhu vay, véi thuat todn K - means, trong ting vong ldp, tam
cum v, da dugc xac dinh & vong lap truéc sé dugc tinh lai v, - v',
dai vé6i tiing cum; sau do, cac vector con lai dugc phan lai thanh cac
cum mdi dé sao cho:
x, €S, néu p(x,,v,) = min(k =1+K) 9)
Thuat toan sé két thuc tai vong lap xac dinh nao do khi tam
cum khéng bi thay d6i trang thai. Trong thuét todn K-means méi
cum diém choéi dugc dac trung bdi mot tam. Tam la diém dai dién
nhat cho mot cum va ¢é gia tri bang trung binh cla toan bé cac
quan sat nam trong cum. Tam dai dién ctia cum dugc tinh theo céng
thiic (7) cla tat ca cac diém nam trong cum d6. Luu d6 thuat toan

dugc thé hién trén Hinh 7.

Tap hop toa do ving choi

C(x,»).d, K

moc dai «

CT4 (%, ¥,)
v

Hinh 7. Luu d6 thudt todn K-means phan cum diém chéi

4.2, Két qua phan cum va loc bAm muc tiéu theo thuat toan
K-means

Két qua phan cum diém choéi st dung anh radar gém 6 muc
tiéu dugc thé hién trén Hinh 8, trong d6 c6 3 anh muc tiéu c6 kich
thuéc nho dang tau ca va 3 anh muc tiéu cé kich thudc 16n hon
dang tau hang. Qua trinh xt ly phan I6p anh thanh 6 muc cudng
dd, cac vung choi ctia muc tiéu xuat hién co kich thudc, hinh dang
va muc ndng lugng khac nhau trén Hinh 8c. Cac diém chéi muc tiéu
ndm rai rac trong vung quan sat, ti do ti€p tuc thuc hién thuat toan
phan cum diém chéi muc tiéu.

e phusrg a1

a)-Anh muc tiéu radar

e g o [

b) - Két qud xtr Iy phdn Idp theo cudng do
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2 ' 5] 8 10 12
Gée phong W (%)

¢) - Cdc diém chdi muc tiéu

Hinh 8. Két qué x( Iy phan 16p anh radar theo cuting do

Hinh 9a thé hién két qua phan cum diém chéi muc tiéu theo
thuat toan K-means vdi kich thudc ctia s6 10x10 tuang Ung theo cu
ly 10 6 cy ly va 10 6 phuong vi. Hinh 9b la két qua K-means vdi kich
thudc 5x16 (Hinh 9b) tuic 13 5 6 cu ly, 16 6 phuong vi. Anh phan cum
diém chéi muc tiéu theo ctfa s6 hinh vuéng kich thudc 10x10 gay ra
hién tugng phan cum nham céc diém chéi muctiéuc6ID 1valD 5
dan dén xudt hién muc tiéu ID 6. Trong khi d6 st dung cac 6 ctia s6
hinh ch{ nhat c6 kich thudc 5x16 6 viéc phan cum theo thuat toan
K-means giup tach cac muc tiéu don é.

i

Frapra———

a) - Clra s6 bdm muc tiéu kich thudc 10x10

GAE phramg v

b) - Cita s6'bdm muc tiéu kich thudc 5x16
Hinh 9. Két qué ap dung thudt todn K-means cho 6 muc tiéu

5.KET LUAN

Bai bao da thuc hién phan tich anh cac muc tiéu dai dién cho
ba 16p tau chinh trong viing quan sat cta tram radar. D6i véi cac
muc tiéu dé léch chuén clia diém méc dai dién theo cu ly va phuong
vi theo cac quy tac chia I6p khéac nhau la khac nhau. Chia 6 16p muc
tiéu phu hgp véi bai toan xt ly thoi gian thuc toan man hinh radar va
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cho két qua xac dinh diém méc dai dién c6 doé léch chudn tuang d6i
nho, tir khoang 0,5 dén 1,5 6 theo cu ly va phuong vi, phu hgp vai
dd phan gidi man hinh radar trong thuc té. Gia tri cudng dé tin hiéu
nhé nhat 1a 20, 16n nhat 1a 200 két qua tinh diém méc dai dién cua
muc tiéu dap Uiing dé chinh xac tuang déi tét, sai s trung binh binh
phucng udc luong diém méc dai dién muc tiéu so véi tdm nang
lugng nhé hon 1 cell theo cy ly va nhé hon 2 cell theo phuong vi.

Thuat toadn dé xuat x ly &nh radar c6 nhiéu uu diém hon so
V@i cac phuong phéap nhi phan dnh radar. Ngoai viéc xac dinh diém
méc dai dién anh radar con mang nhiéu théng tin chuyén déng cla
muc tiéu nhdm nang cao chat lugng loc bam quy dao muc tiéu trén
bién. Thuat toan xac dinh viing chéi clia cdc muc tiéu trén bién c6
thé phan loai dugc cac cac loai muc tiéu phuc tap khac nhau, giup
si quan van hanh c6 thé phan doan tinh huéng va quy dao dua vao
diém méc dai dién mang dic trung vé ning lugng phan xa. Mot
trong nhiing d3c trung quan trong la s6 diém choi, ndng luong cac
vling choi c6 thé c6 thé udc luong hudng doc truc than tau khi muc
tiéu di chuyén.

Uu diém cla thuat toan K-means |a don gian, hiéu qua. Han
ché clia thuat toan la phai xac dinh dugc s6 lugng cum cu thé & dau
vao thuat toan, khéng thich hgp cho bai todn phan cum khi di liéu
chua xac dinh rd s6 cum hodc cac cum ¢6 kich thuéc khac nhau.
Thuat todn K-means chi tinh dén khodng cach gidia tam cum va tdm
cac vung choéi ma khéng st dung cac déc trung dugc khai thac. Dé
gidi quyét cac van dé trén, dé xuat ap dung thuat toan phan cum dir
liéu dua trén logic m& va bé loc Kalman véi cac dac trung clia muc
tiéu da diém choi sé ti€p tuc dugc nghién clu va trinh bay & cac
céng trinh tiép sau.

L&i cdm on: Nghién clu nay dugc tai trg bdi Trudng Bai hoc
Hang hai Viét Nam trong Dé tai ma s6 DT25-26.76.
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