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TOM TAT

Trong bai bao nay, tdc gia dé xudt thudt todn nham néng cao chat lrong loc, bam nhém muc
tiéu bién phuc vu cho cong tdc chi huy va diéu khién. Thudt todn d@é xudt dwa trén két qua xir Iy
va khai phé cdc dic trung da diém chéi ciia myc tiéu dwa trén dnh ra da c¢é dp phan gidi cao.
Thudt todn bao gom 02 phan: tién xir Iy cdc dnh ra da cé @6 phdn gidi cao dé khai phd cdc dic
trung cua muc tiéu (tog do, huong truc than tau) va loc bam quy dao muc tiéu dua trén cdc tham
$6 di dwoc khai phd. Panh gid hiéu qua ciia thudt todn thong qua mé phong loc bam qu dao
hai muc tiéu di chuyén gan nhau bang phan mém Matlab. Két qud mé phong dwoc so sanh véi
thudt todn thong dung nhir GNN va JPDA. Nghién ciru cho thdy, thudt todn dé xudt két hop dge
wu diém va khdc phuc duoc nhitng han ché cua thudt todn GNN va JPDA.

Tir khéa: Nhom muc tiéu; Anh ra da; Myc tiéu da diém choi; Chét luong loc, bam.
1. PAT VAN PE

Trong cong tac chi huy va diéu khién cac phuong tién trén bién, yéu cau cin thong tin nhanh
va chinh xac vé quy dao cac muc tiéu dic biét kha ning loc bam quy dao cic muc tidu gan hodc
giao cét nhau. Hinh 1 trinh bay vi du minh hoa kha ning phan biét muc tiéu theo goc phwong vi
cua dai ra da. Trong trudng hop dai ra da c6 do phan giai theo goc phuong vi 1a 1,5° va tai cu ly
20 km thi 6 quan sat ctia ra da 1a 570 m, c6 nghia la khi 02 muc tiéu thudc 6 quan sat thi ra da chi
dua ra 01 diém d4u trén man hinh hién thi [1-3]. Tuy nhién, trong cic dai ra da hién dai c6 do
phan giai cao vé cu ly va phuong vi s& hinh thanh anh muc tiéu ra da. Khac véi muc tiéu chat
diém, anh nay trai dai trén nhiéu 6 cu ly va phuong vi tao ra myc ti€u da diém choi [8].

Hinh 2 trinh bay vi du minh hoa cac van dé thuong gip e
trong qua trinh loc, bam quy dao nhom muc tiéu gan nhau. 4
Trong trudng hop nay nhém gém 3 muc tiéu cd quy dao
thuc 1an luot 1a h.h,,h, va cac duong loc, bam quy dao

tuong tng la 0,,0,,0,. Tai thoi diém t+3 cac diém dau
ctia muc tiéu nam trong ctra song loc bam cua muc tiéu 1 va
2. Tuong tu tai thoi diém t+5, cac diém diu nim trong cura iy R o

song loc bam ctia muc tiéu 2 va 3. Tai cac thoi diém nay, L '“' [ X

néu chi sit dung di liéu ddu vao 13 toa 0 muc tiéu thi sE dan  wome e Nl
dén kho khan cho bai toan lgc bam quy dao. Hay ndi cach o

khac d& dan dén sy nham 1an giita cac quy dao (01 sang O
va ngugc lai, O; sang O3 va Oz sang Oy).

Dé giai quyét bai toan loc bam quy dao nhém muyc tiéu
c6 cac thudt toan thong dung nhu GNN (Global Nearest
Neighbor) [4, 5] hay JPDA (Joint Probabilistic Data Association) [6, 7]. Pic diém chung ciia
ca hai thuat toan trén la chi st dung thong tin duy nhat vé toa d6 muc tiéu tai thoi diém co di

Hinh 1. Kha nang phan biét

muc tiéu cua dai ra da [3].
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liéu do (GNN) hoic két hop dit lidu do tir cac phep do trude (JPDA). Céc thuét toan nay duoc
ap dung trong truong hop khi cac diém dau nam trong ca 2 ctra soéng loc bam cia 2 quy dao
khac nhau.
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Hinh 2. Vi du minh hoa loc, bam Hinh 3. Vi du minh hoa loc, bam muc tiéu
nhém muc tiéu bién. s dung thudt todn GNN, JPDA.

Hinh 3 minh hoa quéa trinh hop nhit quy dao sir dung thuat toan GNN va JPDA. Tai thoi
diém t, cac diém déu muc tiéu 2, 3 (hinh vudng) thudc ca 2 cira song loc bam cta 2 quy dao hiva
h,. Dé xac dinh diém dau thudc quy dao ndo, ddi voi thudt toan GNN can tim gia tri cua

Z= {Zij} sao cho biéu thirc (1) c6 gia tri nho nhat [1]:

J= Zn:icijzij @

i=0 j=0

Trong d6: n, m 1a s6 quy dao va cac diém dau muc tiéu trong ctra song loc bam va Cj 1a ma
trén chi phi khoang cach. Ma trén Cj; duoc tinh theo biéu thic [1]:

C,; =dj +log|s| )

Trong d¢, d; 1a khoang céch tir diém dau th j tai thoi diém t véi quy dao thi i (diém déu

ngoai suy) va S; 1a ma tran hi€p phuong sai. Dé tim gia tri nho nhit cta (1) can cac didu kién
bién [2]:

i=0
n ®)
j=0
Diéu kién (3) co nghia 13, néu diém dau j thuoc quy dao i thi z; =1, cac truong hop khac
z; =0. Mt khac, z, =0 biéu dién khong c6 diém dau nao thudc quy dao i va z; =0 bicu dién
rﬁrjg djém déu j khong nam trong bat ky quy dao cho trude nao. Cac Qiéu kién (3) c6 nghia la
moi két qua do chi twong tng vai 1 quy dao va moi quy dao chi cé 1 diém dau duy nhat. D€ tim
duoc cac gia tri cta z;;, st dung cac thudt toan tim nghiém t6i vu nhu: thudt toan Munkres [1],
Joker-Volgenent [2], K-nghiém t5i wu [1].
Véi thuat toan JPDA, gia st xac suit cac diém dau 1, 2, 3 thudc quy dao h; twong tng la
P.1s Pios Pis va khoang cach tuong doi gitta quy dao hi véi cac diém dau tuwong tng d,,, d,,, d;
va trong s6 dugc tinh theo (4) [2]:

32 V. X. H&, N. T. Kién, N. P. Bdo, “Nghién ciru thudt todn ... cho chi huy va diéu khién.”
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- m
=2 pyd; (4)
j=1
O vi du trén, vi diém dau 2, 3 déu nam trong ctra song bam cua ca 2 quy dao hi va hz, nén
thuat toan JPDA yéu ciu cac budc tinh trong sd (4) voi quy dao h, cho cac diém dau 2, 3 va xac
sudt diém dau muyc tiéu 1 voi quy dao h, va diém dau muc tiéu 4 v6i quy dao hy.

Han ché cua loc bam quy dao muc tiéu nhém st dung cac thudt toan GNN 14 do chinh xéc
khong cao c¢6 thé bi mat lién két diém dau-quy dao, con JPDA la thoi gian xir 1y im cac nghiém
t6i wu cho bai toan (4) [1, 2]. Pé khic phuc cac han ché nay, nhom tac gia dé xudt thuat toan moi
(GNN-M) 1 bién thé cua thuat toan GNN két hop huéng truc than tau nham muc dich ning cao
chat lugng loc bam muc tiéu trén bién bang viéc xir Iy cac anh ra da c6 do phan giai cao dé khai
pha cac dic trung ciia muc tiéu da diém choi. Cho dén nay, chua c6 cong trinh nghién ctru loc
bam dua trén cic dic trung cia muc tiéu da diém chéi vi qua trinh xir Iy anh ra da chi ding
phwong phéap nhi phan, phuong phap nay chi liy duoc duy nhét toa d6 tim anh ra da ma bo qua
cac dic trung nhu hudng tryc than tau cua muc tiéu.

Thuat todn GNN-M dugc trinh bay chi tiét & muc 2. Hiéu qua cua thuat toan duoc so sanh véi
cac thudt toan thong dung nhu GNN va JPDA dwoc mé phong bing phin mém Matlab duoc
trinh bay & muc 3. Cac két luan chung dugc téng hop & muc 4.

2. XAY DUNG THUAT TOAN NANG CAO CHAT LUQNG LQC, BAM NHOM MUC TIEU

Thuat toan GNN-M dugc ap dung loc bam quy dao muc ti€u trén bién dya trén viée xir 1y cac
anh ra da va khai pha cac dic trung ciia muc tiéu da diém choi. Trong phin nay, nhom tac gia sir
dung dac trung hudng doc truc than tau. So dd téng quan cua thuat todn loc, bAm nhoém muc tiéu
dua trén x1r Iy anh ra da c6 d6 phéan giai cao dugc trinh bay trén hinh 4. Thuit toan GNN-M dugc
chia thanh 2 giai doan: giai doan thtr nhat 13 qua trinh udc luong (tién xur 1y dir liéu) cac tham sb
muc tiéu tir anh ra da; giai doan thir hai 1a qua trinh loc bam muyc tiéu.

Tién xir Iy dit liéu | Huéng trye || o,
than tau j=Lm
Anh ra da Phan 16p Phin cum At tnd
; i ™ . R [ Tinh toa do k ky | Thuét toan
quét theo tia anh ra da diém chéi o dibm dhu (X 'yL)é loc bim quy
4 (tim dai dién) || J=1m | dao muc
Y . — tieu
Xac dinh cac tham so vung . |l ar. Ao
cue tri (dién tich, ning »{ Tham s0 cira || 7> 7%)
lwgng va tim vang cuec tri) song W

Hinh 4. So do tong quan ciia thudt toin GNN-M.

Qua trinh u6e lugng cac tham sO cua muc ti€u duge mi€u ta ¢ bang 1. Thudt toan ude lugng
cac tham sé muc tiéu duoc trinh bay chi tiét & bai bao tac gia di cong b [8]. Trong bai béo [8],
cac dir liéu sir dung dé kiém chung thuit toan u6e lugng cac tham s6 muc tiéu la cac dir liu thu
duge tir cac dai ra da Score 3000. Két qua udc luong cac tham sd ctia muc tiéu duoc minh hoa
trén hinh 5.

Bdng 1. Thudt toan woc luong tham $6 ciia muc tiéu.

Tham so dau vao: Anh ra da c6 do phan giai cao A, .
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Tham s d4u ra: TAm dai dién (X., Y, ), hudng truc than tau a v6i truc OX va tham s6 cira song

loc bam W véi tirng muc tiéu.

Budre 1: Phan 16p anh dau vao.

Buére 2: Tim vung cyc tri va xac dinh cac tham so cia cac vung cuc tri tim dugc:

- Tam vung cuc tri (Xi , Yi) ;

Dién tich vung cuc tri A;;
Ning lugng phan xa Ei.

Buéc 3: Phan cum (nhom) cac diém choéi vao cac muyc tiéu tuong Gmg theo thuat toan

C-means.

Buéc 4: Tam dai dién (., Y, ), hudng truc than tau o v6i truc OX va tham sé cira song loc bam

W voi tirng muc tiéu.

Azimuth ()

Range (m)

a) Anh dau vao MT1

Azimuth (*)
2

Target coordinate by (5)
X Target coordinate by (6)

Range (m)

Azimuth (°)

100

80

60

40

20

b) Anh dau viao MT2
Azimuth (°)
05 1 15

Target coordinate by ( §)
X Target coordinate by (6 )

# Centroid of local maximum region 4

4 Centroid of local maximum region

o
o

8

Range (m)

¢) Két qua wée lwong MTI

Range (m)

&

8

d) Két qua woc lwong MT2

Hinh 5. Két qud wéc lwong cdc tham sé muc tiéu [8].

Trén hinh 5 cho thay két qua wéc lwong cic tham s6 clia muc tiéu (hinh thoi mau d6) 1a tim
dai dién ctia cac vung cuc tri va tdm dai di€n cua muc ti€u (tam gidc mau xanh), ngoai ra con cé
dién tich va mtrc nang lugng cua timg vung cyc tri (mau vang- nau). Trong trudng hop muc ti€u
¢6 tir 02 diém chéi, thuat toan con udc lugng truc chuyén dong cua muc tiéu (duong mau den)
ddng thoi xac dinh duoc cira s6 bam (elip mau vang). Trén hinh 5c¢ cho thdy muc tiéu dang di

chuyén theo phuong nam ngang o =0° va cira s6 bam c6 kich thudc (40 (m)x4,1° ) . Tuong tu

trén hinh 5d muc tiéu dang di chuyén theo phuong thing dimg « =90° va kich thudc cira song

loc bam 1a (200 (m)xlo) . Can cr vao cac két qua udc lugng tham s6 muc tiéu trén, nhom tac

gia dé xudt thudt toan méi dé nang cao chét lugng loc, bam nhom muc tiéu phuc vu cong tac chi
huy va diéu khién. So d6 tong quan cua thuat toan dugc thé hién trén hinh 6. Cac budc cta thuét

toan duoc trinh bay ¢ bang 2.

34 V. X. H&, N. T. Kién, N. P. Bdo, “Nghién ciru thudt todn ...

cho chi huy va dieu khién.”
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Bdng 2. Loc bam quy dao muc tiéu nhom.

Tham s6 dau vao: Tham so muc tiéu (X, Y, o), tham so cira song loc bam W.
Tham so dau ra: Toa dj ngoai suy.

Buée 1: Loai bo cac diém dau nam ngoai pham vi cla s6 loc bam muc tiéu.

Budre 2: Tinh khoang cach tir cac diém dau ther j dén cac quy dao tha i trong tmg dj; theo cong
thitc (2) va ma tran Cj.

Budre 3: Tinh goc hop bai truc than tau va diém déu muc tiéu oj.

Bugrc 4: Tim gid tri nho nhét ciia biéu thirc (5).

Budre 5: Lién két diém diu muc tiéu v6i quy dao tuong Gmg.

Buéce 6: Tinh toan cac vi tri du doan cua muc ti€u bang cac bo loc bam thong dung Kalman dua
trén cac tham sé dau.

Buére 7: Piéu chinh tham s cira song.

k k
(vayj): Arj,Aej
j=1m +
—> . .| Loaibé diém ddu | _| Tinhkhoangcichcip | _ |Tinh ma trin chi phi
Cira song L se oo Lt - Rk > - .
— > nam ngoai cira song quy dao-diém dau khodng cach
% A A
j=1m
\
Piém ddu | . P S | Tinh gi4 tri nhé nhit
ngoai suy - Bo loc Kalman | Lién ket quy dao | theo bidu thirc 5

Hinh 6. So' d6 thudt toan GNN-M cho loc bam quy dao muyc tiéu nhom.
Hinh 7 1a vi du minh hoa loc, bam hai muc tiéu di chuyén
song song gan nhau (hy, hy, mili tén). Trén hinh v&, cic diém T~
diu muc tiéu 2, 3 (hinh vuong) thudc ca hai cira song loc bam
cta hy, hy. P& xac dinh cac diém ddu muc tiéu d6 thudc quy
dao hy hay h, bang céc thuat toan GNN, JPDA can giai quyét = \
bai toan tim gia tri nho nhit cua cac phuong trinh (1) va (4). x
Thuat todn GNN-M c6 uu diém vé toc do xir 1y cla thudt toan N ) /
GNN dong thoi khic phuc dugc han ché cua cac thudt toan JPDA [
bang cach sir dung tham s6 hudng truc than tau dé diéu chinh \
tham sd cira song loc bam. Khi d6, chi can thong tin cta toa do N e
diém dau muc tiéu tai thoi dlem hién tai va hudng truc than tau c6 K 1
thé hiéu chinh hudng phat trién quy dao, lién két quy dao bang . ) )
cach danh gia khoang cach cua diém du muc tiéu so véi quy dao H'nh 1. Vi dy minh hog loc,
cho trudc va hudng truc than tau (5). bam nhém hai muc tiéu.
Tir hinh 7, bang cach sir dung budc 3 cua thuit toan GNN-M: dbi voi quy dao hy diém dau 4
s€ bi loai (nam ngoai cira séng loc bam), twong tu nhu vay dbi v6i quy dao h, diém déu 1 ciing bi
loai bo. Dbi voi quy dao hy chi con cac diém dau 1, 2 va 3. Goi cac goc hop béi truc than tau hy
va cac diém déu 1an luot 13 a,,, a,, 04, VA @y, Gy, @, 14 cac goc hop boi truc than tau h, véi

[—

cac diém dau 2, 3 va 4,

Khoang cach tir h, dén cac diém dau 1,2 va31a d,,, d,,,d, va d,,, d,;, d,, twong tng tir h,
dén cac diém diu 2, 3 va 4. Bé tim duogc cac diém diu tuong ng véi cac quy dao muc tidu co
san can tim gia tri nho nhat caa (5).

1=3¢q, ()

i=0 j=0
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Trong do, Cjj duoc tinh theo cong thurc (2). Tu (5) cho thay, khi biét dugc cac gia tri a;j co thé
tim duoc gia tri nho nhét ctia J va xac dinh duge cac diém dau tuong tmg véi cac quy dao muc ticu.

3. SO SANH PANH GIA HIEU QUA CUA THUAT TOAN GNN-M
Pé danh gia hidu qua cua thut toan GNN-M, nhom tac gia m6 phong truong hop dai ra da
quan sat hai myc ti€éu chuyén dong nhu trén hinh 8. Panh gia hi¢u qua cua thuat toan bang cach
so sanh vdi cac thuat toan lgc bam khac nhu thuat toan GNN va JPDA. Hinh 8 mo6 phong tinh
chat da diém choéi cia muc tiéu véi cira song loc bam co kich thude cac truc 1a 80(m)x20(m).
Hinh 9a biéu dién‘vﬁng’ gi61 han boi hai duong mau do, tao vung nay cac tham s6 do dugc tir cac
dai ra da c6 sy chong lan nhau do sai s0 trong qua trinh do bdi dai ra da.

I()l T T T T
A Tam dai dién myc ticu
————— Cira s0 loc, bam
*  Diém chéi
19.05F Truc than tau
= O T D % e
é 19 o e— x * )
>‘ \‘\A_ L NN B RO ot
1895+
18.9 * * ; ; :
0.96 0.98 1 1.02 1.04 1.06
X [km]

Hinh 8. M6 phong dic trung da diém chéi
cua muc tiéu ra da bién.

Truong hop dﬁ’u tién nhém tac gia s dyng thuét toan GNN, két qua loc bam cho tha"ly,’ sau
thbi diém chong lan cac tham so do dac, xuat hién quy an moi (xanh 14 cay) ma trén thyc t€ chi
ton tai 02 muc ti€u. Ngoai ra, thuat toan GNN nham lan gitta quy dao 1 (do) sang quy dao 02
(xanh lam, hinh 9b).

Trong truong hop sir dung thuat toan JPDA, két qua loc bam c6 su sai khac sau khoang ving
chong lan toa d. Quy dao muc ti€u 1 (dudng mau do) sang thanh quy dao cua muc tiéu 02
(duong mau xanh 14 cdy) va nguoc lai (hinh 9b). Mt khéc khi str dung thudt todan GNN-M, ¢c6
thé phén biét dugc 02 quy dao muc tiéu riéng biét (quy dao 1 duong mau do va quy dao 2 mau
xanh hinh9d) va sai s0 trung binh binh phuong khi loc bam ting quy dao lan luot la:
RMSE, =57,17; RMSE, =39,21 va thoi gian thuc hién cac mo phong thuat toan GNN, JPDA,
GNN-M duge mo ta tai bang 3.

Bdng 3. Bang so sanh thoi gian xu [y.

Thuat toan GNN JPDA GNN-M

Thoi gian tinh (gidy) 22.538 34.569 25.819

Tu bang trén cho théy dugc rang, thoi gian xur ly cua thudt toan GNN la nhanh nhit
(t=22.538 giay) nhung két qua dua ra c6 sw nham 1an quy dao va xuét hién quy dao mdi, twong
tu nhu vay dbi voi thuat toan JPDA (t=34.569 gidy). Thuat toan GNN-M cho két qua chinh xac
va thoi gian xir Iy nhanh tuong ing véi thuat toan GNN.

36 V. X. Ha, N. T. Kién, N. P. Bdo, “Nghién ciru thudt todn ... cho chi huy va diéu khién.”
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Hinh 9. Két qud loc, bam muyc tiéu s dung thudt toan GNN, JPDA va GNN-M
4. KET LUAN

Bai bao da dé xuét thuét todn m&i GNN-M nham nang cao chét luong loc, bam nhom quy dao
muc tiéu bién dua trén viée xir 1y 4nh ra da c6 d¢ phén gidi cao. Thuat toan GNN-M duya trén cac
dic trung ctia muc tiéu da diém choi (toa do, hudng truc than tau). Két qua nghién ctru (hinh 9)
cho théy thuat toan GNN-M khéc phuc dugc han ché cua thuat toan GNN va JPDA d6 1a xuét
hién quy dao méi va bam nham quy dao. Trong khi do, thuat toan GNN-M c6 thé phan biét dugc
02 quy dao muc tiéu riéng biét c6 ving chong lan. Ngoai ra, thoi gian xir Iy cia GNN-M
(25,819 gidy) cling twong duong va&i thuat toan GNN (22,538 gidy) va nhanh hon JPDA
(34,569 gidy). Nhu vy, thuit toan ma nhom tac gia da dé xuat thuat toan GNN-M khéc phuc cac
han ché clia cac thuat toan thong dung GNN va JPDA trong bai toan loc bam quy dao va nang
cao chat luong bai toan loc bam quy dao muc tiéu da diém chéi trén bién. Hudng nghién ctru tiép
theo, nhom tac gia ing dung thudt toan GNN-M vao bai toan xur 1y thoi gian thuc & trén cac dai
ra da.
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ABSTRACT

Advanced algorithm for improving the quality of filtering
and tracking multiple marine targets for command and control

In this article, an advanced algorithm for improving the quality of filtering and
tracking multiple marine targets for command and control based on analysing high-
resolution radar images is proposed. The proposed method includes two stages. The first
stage of the proposed method is used for estimating target characteristics such as: center
coordinates, reflected energy, movement direction and window tracking size. These
characteristics are used as inputs for the second stage. The effectiveness of the algorithm
is evaluated by simulation of filtering tracking two targets moving close together using
MATLAB tool. The simulation results are compared with other methods such as GNN and
JPDA. The results show that the proposed algorithm limits the limitations of the GNN and
JPDA methods that confuse or lose the trajectory of the above algorithms.

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