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Tom tat

S6 muyc tiéu thay ddi, mé hinh do luong phi tuyén va
nhidu phi Gaussian la nhitng thir thach d6i véi bai toan
bam da muc tiéu; cac yéu td ndy anh huong dén do chinh
xéc, thoi gian thuc hién va quyét dinh sy thanh cong cua
phuong phap. Trong bai bao nay, tac gia trinh bay mot
phuong phap dé giai quyét cac van dé trén. Trong phuong
phap nay chuyen dong cua muc tiéu duoc biéu dién trong
hé toa do hdn hop 3 chiéu trén co s két hop bd loc PHD
(Probability Hypothesis Density) va phuong phap két hop
dir lieu GRAPH. Phuong phap dé xuat cd kha ning bam
da muc tiéu trong truong hop téng quat nhat, do 1a: sb
muc tiéu thay d6i, mé hinh hé thdng va mé hinh do luong
1a phi tuyén va nhiéu 1a phi Gaussian. Két qua nghién ciu
cua bai bao c6 thé ap dung véi nhing hé thong dap tng
theo thoi gian thuc, trong khi cac muc tiéu chuyén dong
& khoang cach gan nhau va cé tinh co dong cao.

Tir khéa: Bam da muc tiéu, hé toa d6 hdn hop, PHD két
hop GRAPH, loc phén tr, nhiéu phi Gaussian, md hinh
dong hoc van téc khong doi.

Abstract: Change the target number, non-linear
measurement models and non-Gaussian noise is the
challenge of multi-target tracking problems; the factors
affecting the accuracy, execution time and deciding the
success of the method. In this paper, the authors present a
method to solve these problems. In this method, the
motion of targets is represented in mixed coordinate
system 3D on the basis of combining PHD and GRAPH.
This method is able to track multi-target in the most
general case, that is: change the target number, system
model and measurement model is non-linear and noise is
non-Gaussian. The result of the paper can be applied to
the system response in real time while the targets moving
in close distance and high maneuvering.

Keywords: Multi-target tracking, Mixed Coordinates,
PHD combined GRAPH, Particle Filter, non-Gaussian,
Constant Velocity Model
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JPDA Joint Probability Data Association
MHT Multiple Hypothesis Tracking
GNN Global Nearest Neighbor

MTT Multiple Target Tracking

FISST Finite Set Statistics

RFS Random Finite Sets

1. Phan mé dau

Trong bai toan bam da muc tiéu, hai véan dé chinh can giai
quyét 1a: lya chon phuong phap két hop dit liéu phd hop
dé gan tin hiéu do ludng cho mai muc tiéu va lua chon bo
loc thich hop dé udc lugng trang thai can cir vao md hinh
do luwong, mo hinh hé théng va mé hinh nhiéu cua muc
tiéu.

Thir thach lon nhat dbi véi cac phuong phap két hop dix
liéu d6 1a khi s6 muc tiéu thay doi. Hién nay, trén thé gioi
c6 3 phuong phap két hop dir liéu truyén théng thuong
dugc sir dung d6 la [23]: GNN, JPDA va MHT. Tuy
nhién, nhu mot sé bai bao da chi ra phuong phap GNN ¢
d6 phirc tap tinh toan thip nhung chi hoat dong tt khi do
nhiéu loan giita cac muc tiéu thap [24]. Phuong phap
JPDA c6 d¢ tin cdy cao do két hop tat ca tin hiéu do nén
kha ning 1an muc tiéu thap, tuy nhién phuong phap nay
chi cho két qua bam t6t khi s6 muc tiéu da biét trudc hon
nita thuat toan phiic tap dan dén téc do tinh toan cham va
viéc cai dat thuat todn gap nhiéu kho khan [25]. Phuong
phdp MHT cho d6 chinh xac cao nhung do thuét toan cai
dat rat phirc tap, d6 phirc tap tinh toan ca vé thoi gian va
khong gian I6n, két qua tinh toan bj gitr cham mot khoang
thoi gian, ngoai ra d6 chinh x&c phu thuéc vao théng tin
tién nghiém [26] nén khong phi hop vai céc hé thong yéu
cau tdc do tinh toan nhanh, dap ung thoi gian thuc. Ngoai
nhimg nhuoc diém di néu & trén, 3 phuong phap nay déu
c¢6 diém han ché chung d6 1a d¢ phuc tap ting rat nhanh
khi s6 muc tiéu ting.

bé khic phuc nhiing van dé trén, gan day phuong phép
PHD dugc d& xuét dya trén Iy thuyét tap hiru han ngau
nhién. Uu diém chinh cia phwong phap PHD la d6 phuc
tap tinh toan khong ting nhanh theo sé muc tiéu, kha ning
xac dinh duoc s6 muc tiéu va vi tri twong tng thay doi
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theo thoi gian. Tuy nhién, phuong phap PHD c6 han ché
1a chi x4c dinh dugc s6 luorng va vi tri myc tiéu ¢ budc
thoi gian hién tai ma khdng cé kha ning két hop tin hiéu
do cuia muc tiéu & cac budc thoi gian lién tiép [27,28,29].
Dé két hop dir liéu (tin hiéu do hodc trang thai muc tiéu)
hinh thanh quy dao twong ng, gan day phwong phap
GRAPH [32] phéat trién va dat dwoc nhiéu thanh tuu,
GRAPH la su két hop kha thi cua tat ca dir liéu nhan
dugc, viéc lya chon quy dao téi wu dua trén Xac suat hau
nghiém Ién nhat. Pay la mot cach biéu dién rd rang va
hiéu qua bai vi nd dugc hinh thanh tir cac duong kha thi
trong graph, thuat toan cai dit tuong minh va don gian
nén tc do tinh toan nhanh va dap ng thoi gian thyc.
Sau budc két hop dir liéu viéc lya chon bo loc quyét dinh
dén d6 chinh xac va do phuc tap cia phuong phap bam.
Mot s6 thir thach cua bai toan bam muyc tiéu 1a mé hinh do
luong phi tuyén va nhiéu phi Gaussian. Trong bai toan
bam muc tiéu, chuyén dong cua muyc tiéu dugc biéu dién
t6t nhat trong hé toa do dé cac, trong khi cac dai luong do
luong thuong dugc biéu dién trong hé toa do cau. Khi
bam muc tiéu trong hé toa ¢ hdn hop (chuyén dong cua
muc tiéu biéu dién trong hé toa do dé cac, cac dai luong
do luong biéu dién trong hé toa do Cau) chling ta gap phai
véan dé 12 mé hinh do luong phi. tuyén do viéc chuyén dbi
tir hé toa do dé cac sang toa cau [2]. Khi bam muc tiéu
trong hé toa do dé cac, md hinh hé théng va do luong 12
tuyén tinh, nhung chung ta gap phai mot van dé khac d6
1 nhiéu do luong khdng con phan b Gausian do quéa
trinh chuyén déi tir hé toa d6 cau sang hé toa do dé cac
[2]. B6 loc dién hinh dwoc sur dung dé giai bai toan loc
phi tuyén trén d6 1a bo loc phan tir (Particle Filter) [30].
Trén thé gi¢i c6 mot s6 bai béo khao sat vé su két hop
PHD vé&i mot sb phuong phap két hop dir liéu dé bam
muc tiéu, vi du PHD két hop véi MHT [23] hoac PHD két
hop voi thuat toan GNN (global nearest neighbor), tuy
nhién cac bai bio nay déu gia thiét cac nhidu la Gaussian
va thuc hién trong hé toa d6 dé céac hai chidu. Ngoai ra,
phuong phap trong [23] dua ra khong kha thi véi (ng
dung thoi gian thuc do phai gitr cham mét khoang thoi
gian va kha nang phan biét muc tiéu cua thuat todn GNN
thap khi cac muc tiéu hoat dong gan nhau.
Cin ctr vao kha niang bam sb muc tiéu thay ddi theo thoi
gian cua phuong phap PHD, do chinh xac, toc d¢ tinh
toan nhanh cta phuong phap GRAPH va kha nang vuot
troi cia bo loc phan tir trong giai quyét bai toan loc phi
tuyén, nhidu phi Gaussian, trong bai bao nay tac gia két
hop phuong phap PHD, GRAPH va bo loc phan tir dé
bam da muc tiéu thay d6i theo thoi gian trong hé toa do
hdn hop 3 chiéu.

2. Bai toan bam da muc tiéu radar trong hé

toa do hon hop.

2.1 M6 hinh hé théng va mé hinh do lwong.
2.1.1 Hg thong vat ly.
Hé thng giam sat cac muc tiéu trén khdng, muc tiéu la
may bay chién ddu. M6 hinh chuyén dong cua cac muc
tiéu nay khong 6n dinh va co tinh co dong cao, cac muc
tiéu chuyén dong ¢ khoang cach gan nhau, hoat dong
chuyén huéng thudng xuyén véi van téc it thay dbi.
Chuyén dong cia muc tiéu trong khong gian 3 chiéu la sy
két hop cua 4 ché do bay: ting do cao, giam do cao, bay
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bang va luon vong. Trong bai bai nay, quy dao chuyén
déng cua cac muc tiéu dugc mo ta nhu trong hinh 1.
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Hinh 1: Quy dao chuyén dgng ciia cac muyc tiéu
Hé thdng do ludng str dung mot radar hoat dong trong hé
toa d6 cau. Radar duoc dit ¢ goc toa do. Thong tin nhan
dugc tir radar bao gom cu ly r, goc nang @ va goéc phuong
Vi @ nhu dugc md ta trqﬁng hinh 2.

b (r, 8, w)

b
b

Hinh 2:H¢é toa dé cau

2.1.2 M6 hinh toan hec.

Do dic diém cua cac muc tiéu trén, chuyén dong cua muc
tiéu trong khong gian 3 chidu 1a c6 lién két gitra cac truc
toa d9, do vay dé nghién ciru ddc diém cua phuong phap
trén chung ta phai xét chuyén dong cua muc tiéu trong
khong gian XYZ. M6 hinh dong lyc hoc cta cac myc ti€u
bay rat phuc tap, nhung dé don gian qua trinh tinh toan,
cac muyc tiéu xét trong bai bao nay dugc coi nhu mot chét
diém chuyén dong trong khong gian [1]. M6 hinh hé
théng dugc chon 13 mé hinh van téc khong ddi CV
(Constant Velocity Model) [7], ddy 1a md hinh chuyén
dong c6 diéu khién, lién két giira céc truc toa do va van
téc duoc coi la khong ddi trong mdi chu ky 1y mau.
2.1.2.1 M6 hinh hé théng trong hé toa dd dé céc [2]
Vector trang thai cia muc tiéu duge dinh nghia nhu sau

X:[px’vx’pylvyipz’vz]T (1)
trong do
P, Py, P, lathanh phan vi tri va

V,,V,,V, lathanh phan van téc.

x1Vy1 ¥z

M0 hinh lién tuc theo thoi gian dwec biéu dién nhw sau:
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D, 010000 0
Vv, 000000 w, (t)

X(t) = Py ;)‘((t):0 0010 0x(t)+ 0 (2)
v, 000000 w, ()
D, 000001 0
v, 000000 w, (t)

Trong d6 W, (t),w, (t),w,(t) la thanh phén gia toc nhiu,
phan b6 Gaussian, c6 gia trj trung binh bing khong va
phén b6 doc lap. L

M® hinh roi rac theo thoi gian dwec biéu dién nhw sau:

X1 = FX + W, @)
Trong d6

1T 00 OO
010000
0 01 TO0O

F= 4)
000100
000 01T
000 0O01

vaT =t —t

Ma tran hiép phuong sai nhiéu Q, dugc dinh nghia nhu
Sau:

Ql OZ OZ
Q, =0, Q O, ()

OZ OZ Ql

T3 T2

. 3 2|~ 00
trong d6 Q, = 12 va O, —’0 0].
— T
2

2.1.2.2 M hinh do lwong trong hé toa dd cau
z, =h(x,)+n, (6)

2 2 2
VXY A+
rk z nrk
z, =6, |=|arccos|—~ +(N,, (7
rk
Px Ny
arctan| Y&
Xk

trong d6 nhi€u quan sat n, dugc coi 1a phan bd Gaussian,
6 gia tri trung binh bang khong, c6 phan bd doc lap va
dugc dinh nghia nhu sau: n, ~N(O,R), n, duogc coi la
doc lap theo thoi gian, trong do

o2 0 0
R=(0 o O 8)
0 0 o2

©
Nc:Nge: Ny cdc thanh phan nhiu do ludng phan bd
Gaussian tac dong lén cu ly r, gbc nang 6 va goc phuong
vi @.
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Theo phuong trinh (3), (7), ching ta thay rang khi md
hinh CV biéu dién trong hé toa do hon hop, mo hinh hé
thong la tuyén tinh nhung mé hinh do ludng la phi tuyén.
2.2 Két hop PHD va GRAPH trong bai toan bam da
muc tiéu

2.2.1 M6 hinh da muc tiéu )
Trong bai toan bam da muc tiéu, cAc muc tiéu xuat hién
va bién mat mot cach ngau nhién. Cac muc tiéu xuat hién
co thé do duoc sinh ra mai hodc dugc tach ra tr muc tiéu
da ton tai trude d6. S6 muc tiéu duoc sinh ra tai moi thoi
diém tuan theo phéan bo Possion véi gid tri trung binh 4, .
MGi muc tiéu tai thoi diém k c6 thé khong ton tai dén thoi
diém tiep theo va mat di. Cac muc tiéu mat di nay duoc
mo hinh héa véi xac suat 1—e, ,(X_,) trong d6
1—eg 1 (%) biéu dién xac suat mot myc tiéu & thoi
diém k-1 s& ton tai dén thoi diém k. Xéac suat muc tiéu
duoc phat hi¢n trong thoi diém ton tai 1a p, x

Tai thoi diém K, goi s6 muc tiéu xuat hién 1A N, véi trang
théi X, ,... Xy, VA 8O tin hi¢u do luong nhan dugc Ia

M, .
Goi
X, = Xy 1o X, CE,
Z = Zyy,Zn, CE

La tap cAc muc tiéu va gié tri do lvong nhan dugc tai thoi
diém k. E.. E biéu dién khong gian trang thai va khdng
gian do luong, trong d6 c6 ton tai cac muc tiéu va tin hiéu
do. Mot sb tin hiéu quan séat c6 thé duoc sinh ra do su
nhiéu loan ma khéng phai muc tiéu sinh ra. Sé luong céac
tin hiéu nhidu loan duoc gia thiét 1a phan bé theo luat
Possion vai gia tri trung binh .

2.2.2 Loc da muc tiéu véi b loc PHD

Trong bai toan loc da muc tiéu, tap muc tiéu va gia tri do
ludng duoc md hinh héa bang tap hitu han ngau nhién
(RFS) =, trong bai toan bam da muc tiéu (MTT), |E| cho
ching ta biét s6 muc tiéu va trang thai cua cac muc tiéu
tuong tng.

Théng ké tap hitu han (FISST) cung cép nén tang cho
viéc cdu tric mat do da muc tiéu cua cac RFS va giai
quyét bai toan bam da muc tiéu theo phuong phép
Bayesian. Loc da muc tiéu Bayes toi vu lan truyén mat do
hau nghi¢ém da muc tiéu theo thoi gian. Tuy nhién, do su
phuac tap ching ta phai xap xi mat do hau nghi¢ém da muc
tiéu bang moment théng ké cua nd va lan truyén momemt
nay. Néu gia thiét RFS 1a qua trinh Possion thi dic tinh
thong ké cia n6é hoan toan biéu dién bang moment bac
nhat cua nd (ham PHD).

-Probability Hypothesis Density (PHD):

Ham PHD D. la moment bac nhét cia RFS = va dugc

xac dinh nhu sau:
D-() =E 6.(x) = [ 6, (P, dX ©
trong do

s(x)=) _ox

6-(x): Biéu dién mat d6 ngau nhién caa =
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P. : Phan b x4c suit cua RFS =

Tich phéan trén ving S thudc khong gian trang thai

S€E,

fs D-(x)A(dx) cho ta biét s6 muc tiéu caa = ton tai
trong ving con S va N dinh cao nhat cia PHD cua = cho
ta biét trang thai cua cac muc tiéu cua =.

- Loc PHD:

Loc PHD la phép d¢ quy PHD D, cua hau nghi¢m da
muc tiéu p,, va duoc biéu dién théng qua 2 toan tir: dy
doan va cap nhat. ) .

Gia thiét RFS c¢6 phan bd Poisson, viéc lan truyén dé quy
Dy dung toan tir dy doan ®,, , vatoan tir cap nhat W,
duoc biéu dién nhu sau:

Dk|k = ¥, O(I)k|k—1 Dk—uk—l (10)
CA4c todan tir nay dugc dinh nghia nhu sau:
@ges)0= [ A1 (xHa(OA@)+7, (1)
Yy (X)
(V@) =|v(x)+ ;W a(x) (12
Trong d6 « la ham bét ky kha tich trén E.
Ba (X, €) = €1 (€) Fiea (X1 ) +bg (X1 ) (13)
V(x) =1—pp (X) (14)
Uiy (¥) = P (X9, (Y] %) (15)
i (Y) = A (Y) (16)
(f,h)= f f (X)h(X)A(dX) (17)

7, : PHD caa RFS T, cua cic muc tiéu xuat hién tu phat
(tw xuat hién)

By-1(-1§): PHD cta RSF B, , & duoc tach ra boi
muc tiéu c6 trang thai ¢ trude do.

€1 () - Bidu din xac xuat myc tiéu ton tai dén thoi
diém k ma c6 trang thai truge do 1a € .

fus(-.) : Mat do xac suat chuyén doi cua mdi muyc tiéu.
g, (-|.) : Likelihood ctia mdi muc tiéu.

¢ () : Mat do x4c suat nhiéu loan.

A : S6 diém trung binh nhidu loan trong phan bé Poisson
& mdi budc thoi gian.

P, : Xéc suat phat hign

2.2.3 Phuong phap két hop di liéu GRAPH [32] 7
Phuong phap GRAPH biéu dien quy dao bang do thi the
hién quy dao muc tiéu bang cach noi cac tin hi¢u do hodc
trang thai muc tiéu phu hop. Trong do céc nat do thi la tin
hiéu do hoac trang thai muc tiéu, canh cua d6 thi la su noi
hai tin hiéu do vdi likelihood tuong ung khi chdng nhan
duoc tu g:ung muc tiéu. Do thi quy dao la su két‘ hop kha
thi cua tat ca cac tin hi¢u do. Quy dao thanh phan la mot
dudng trong do thi quy dao, quy dao toan cuc cua muc
tiéu la sy két hgp cua cac quy dao thanh phan cia muc
tiéu twong ung.
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Loi giai cua phuong phap d6 thi 1a tim su két hop phu

hop nhat.

X&c suat két hop

Coi 7= VY., Y

cua quy daotla
L7 =v(Y)P(Yys V)P (Vi)

=7 (Y)Pe (Yk)lj P(Yisa | Yoo Vi)

Trong do

v(y,) 1as5 muc tiéu méi ky vong thudc y;
P.(y,) 12 x4c suat quy dao két thic sau yy
Vs (yl) £ V(yl)P(yl) 14 mat d6 cua Y1

Gia thiét x 1a trang thai muc tiéu hinh thanh y,,....y; va
Yi+1 1a doc lap c6 diéu kién, ta co

k=1 k=1
LT = s (yl)PE (yk )H L(yi+1)1_[ L(Y' ) yi+1)
i1 i1
Trong d6
y' £ (Y, ;) 12 quy dao hinh thanh tinh téi thoi diém

Yi
L(y,)a Likelihood cua y;

la quy dao muc tiéu thi Likelihood

(18)

(19)

L(Y',¥;,,) la Likelihood két hop v, va y'

L(yi,ym):f P(Xl yl,mll:,)(/ix))P(M yiﬂ)dX

Phuong trinh (20) do do giéng nhau giira tin hi¢u do y;,,

(20)

va quy dao y'
Xac suat hau nghiém cua quy dao toan cuc A dugc Xac
dinh nhu sau [33]
PAlY)=C*[L(7)
TEA
trong d6 C la hang s6 chuan héa. Quy dao chinh xéc nhat
khi (21) I6n nhat. lay logarit am (21) va b6 qua hang so
chuéan hda ta cé
JAIY)ED ()
TEX
Trong d6 c(7) =—InL(7)
Bai toan téi wu khi (22) nho nhat, c6 nghia 1a khong co
quy dao c6 chung tin hiéu do.
Giai bai toan GRAPH bang phwong phép 1ap trinh
tuyén tinh hoéa s6 nguyén
Goi M la sé quy dao thanh phin va c=c,...c, ' la

(21)

(22)

vector M chiéu véi ¢;=c 7; .Quydao toan cuc A duoc

biéu dién bing vector M chiéu x = x,,..., X,  trong d6
X; =1 neu quy dao thanh phan 7, E’A va X; =0cho
truong hop con lai. Phuong phép xac suat hau nghiém lon
nhat duoc giai bang phuong phap 1ap trinh tuyén tinh héa
SO nguyén nhu sau:

Téi thiéu héa ¢’ x

Gia thiét Ax=D

vax;€ 01 je 1., M
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Trong d6 A la ma tran NxM, va A, =1 néu 7, chia y,,
b la vector N chiéu. Ax=Db c6 nghia 1a cic quy dao
thanh phan trong quy dao toan cuc khong c6 tin higu do
chung.

Likelihood c6 tinh chat Markov

Phuong phiap GRAPH giam bt do phac tap khi

Likelihood cua quy dao thoa mén tinh chat Markov.

P(Yiia | Yoo Vi) = P(Yiia [ Vi) (23)
(19), (20), (21) tr6 thanh
k-1
L7 =X ()P (VT TP I V) (24)
i=1
k-1 k-1
L7 =X (yl)PE(yk)H L(yi+l)HL(yi'yi+1) (25)
i=1 i=1
P(X] i) P(X| Y1)
L(y.,y..,)= dx
0y) = [ =55 (26)
Likelihood cuia quy dao la tich cac Likelihood két hop
(26)
Giai bai toAan MARKOV GRAPH bing thuét toan
gan hai bén

M3Ji quy dao két hop A trong biéu dd quy dao duoc biéu
dién boi X € 01,i=1.,Nj=1.,N,x=1 néu

v Aij
canh (y;,y;) €A X; =0cho truong hop con lai. Dang
bugc dé mdi niit thuoc nhiéu nhat 1 quy dao trong A dugc
biéu dién nhu sau.

> x; <lvoititca jeN (27)
(i,jeE)

> x; <lvoititcaieN (28)
(i, jeE)

trong do E 1a tap c&c canh trong GRAPH. Phuong trinh
(27) va (28) khang dinh nat i c6 thé dugc két hop véi
nhiéu nhat 1 nit j.

vé6i Likelihood quy dao xac dinh theo (25), Xac suat quy
dao xac dinh theo (22) tré thanh

P(AIH)= CI?IHH'(YVY;)XU

i=1 j=1

Trong d6 C' la hing sé chuan hoa va I(y,y,)la

(29)

Likelihood két hop y; véi y;.
L(yi,Y;)
'Ys(yj)PE(yi)

Lay logarit am (29) va bo qua hang sé chuin hoa ta co

I(yilyj): (30)

ham gia tri nhu sau:

I = > ¢x

(i,j)eE

(31)
Trong d6 ¢;=—Inl y;,y; . Quy dao phi hop nhat nhan
dugc bang cach tim x; € 0,1 sao cho (31) la nho nhat

va thoa man (27) va (28)
2.2.4 Két hgp PHD va GRAPH trong bai toan bam da
muc tiéu.
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Tracks

Mk
{Zk '} =1
—_— —
Hinh 3: M6 hinh két hop PHD va GRAPH trong bai toan
bam da muc tiéu

M@ td phwong phap:
Trong phuorng phap nay bo loc PHD doéng vai tro xac dinh
s muc tiéu va trang thai muyc tiéu tuong tng tai thoi diém
k, phuong phap GRAPH két hop trang thai muc tiéu tai
cac budc thoi gian dé tao quy dao tuong ung.
Hoat dong cua phuong phip dugc md ta trong hinh 3.
Pau vao caa bo loc PHD tai budc thoi gian k 1a tap gom
M, vector do luong, biéu dién trong hé toa do cau nhu

B6 loc
PHD

GRAPH

(7), dau ra cua bo loc PHD la s6 muc tiéu N, va trang
thai cac muc tiéu twong tng X, ;trong hé toa do dé cac
nhu (1). Pau vao cua phuong phap GRAPH 1a trang théi
Muc tiu, phuong phap GRAPH s& két hop trang thai muc
tiéu dwa trén xac suat hau nghlem I6n nhat va xac dinh
quy dao twong rng ciia mdi muc tiéu. By loc PHD va
GRAPH thyc hién trong cung budc thoi gian k. Trong do,
phuong phap GRAPH thuc hién sau budc udc lugng
trang théi.

2.3 Cai dit phwong phap dung bd loc phén tir

Vin dé thodi hoa va ldy mau lgi

Van dé phé bién di vai thuat toan loc phan tir 1a van dé
thoéi héa mau, sau mot sé budc lap cac mau s& o trong
s6 khong dang ké, diéu ndy dan dén hau qua 1a da s6 cac
phép tinh Ia thuc hién trén cac mau cé trong sé thap va
diéu nay c6 nghia la xac sudt p(x |z, ,)da sé bing

khong. DBé khic phuc van dé nay phuong phéap lay mau lai
1a phuong phép phd bién nhat, y tuong cia phuong phap
nay la bo qua cac mau cé trong s thap va tap trung vao
c4c mau co trong s6 cao. Qua trinh 1dy mau lai s& tao ra

PN (2 x v L . s
mot tdp moi cac mau - x, Dy khi do p(x, | z,_,) duoc

bieu dién nhu sau p X|z,,

L _
= Wbl —x) va
i1
trong so6 cua c&c mau sau khi lay mau lai cé gia tri la
w, =111,
goi L, 12 s6 phan tir duoc dé xuat ¢ budce thoi gian k.
goi J, la $6 phén tr duge dé xuét cho viée phat hién muc
tiéu moi dugc sinh ra & budc k.
Buéc 1: Khéi tao PHD Dy, ¢ k=0 bang mdt tap L, phan

) oy
R
i=

. A oo Sox
Buéc 2: Khik > 1, ta nhan duge  w{, x(" _Xap xi Dy
1=

mot cach d¢ quy nhu sau:
— Budc du doan: Lay mau theo ham mat d¢ dé xuat

X0,z va p(1Z)
i G 1xs 2 i=1..,L,
P (1Zy) i=L ,+1.. L ,+J

Va tinh trong s6 két hgp nhu sau



Héi ngh; toan qudc lan thiz 3 vé Piéu khién va Tuw déng hoa - VCCA-2015

(i) (@)
(bk\kfl Xk ’kal i) .
N Wil i=1..L
030 7
0 X 1% Zy
k-1 ™ )
(@)
1 N X .
T o Fhatlebotd
e p %12,

— Budc cap nhét: cap nhat cac trong sb
d’k , (l)
zeZ, iy (Z) + Ck (Z)

~(|)

~ () (1)
W =V X, + Wilk-1

Trong d6

L+

C(2)= Z U, Xk) J)IE\Jk)l

L
— Budc ldy mau lai: Ta nhén duge  w’ Ny, x{ .
i=

béng viéc lay mau lai LUS)Nka:X(I) :-klﬁjk

- Lotde
Trong d6 N, = ij:1+ )

Budce 3: Ube luong s6 muc tiéu va trang thai muc ti€u

tuong ung.

— S muc tiéu tai bude thoi gian k duge xac dinh nhu
sau: N, =Round (N, ) tr w’ Ny, x{’ iLil

— Pé ube luong trang thai muc ti€u, PHD sau khi cap
nhat dugc xép xi bai hdn hop Gaussian bﬁng viéc sur
dung thudt toan EM (expectation maximization).
Thuét toan EM lam khép bé mit PHD bang M ham
mat do xac suat Gaussian va dua ra trong ) tuong
{ng cta cac ham mat do xac suat nay dé danh gia murc
d6 so khop d6. Gia tri trung binh va hi€p phuong sai
cuia cAC ham mat do xac sut Gaussian khép nhét duogc
coi 1a cac dinh & budce thoi gian k ( tach cac dinh nay

taco X, ile). Thuat toan EM goém céc budc nhu sau:
50—t
im — m; [2 " " ] (32)
|27TQm|
Lt Ji (.)
(l)(s 5
O = = =i (33)
F L+,
ZI =l Zi:1 i
ZL;Her (Sim
Koy = —Lka (2.3)
Z Zm 17im
b S X0 — . xW — !
Q, =21 . - (34)

z:|1'I

dé c6 hiép phuong sai chung cho tt ca cac ham mat
do xac suat Gaussian, chiing ta sir dung

ZL‘(JFJKZ l(slm X(I) Him XE)—,U,m '
Zm IZI =l

1a trong sb, ty 1a gid tri trung binh va

trong do &,
,, 1a hiép phuong sai cia ham mat do xac xut Gaussian
thir m. Thuat toan EM bét dau voi gia tri khéi tao cua

VCCA-2015

Ko My $2, VA 18p lai céc budce tir (32+34) cho dén khi hoi
tu.

Budc 4. Khico X, iNfldUng phuong phiap GRAPH két
hop dit liéu dé xac dinh trang thai phii hop véi mbi muc
tiéu (sb muc tiéu 1a N, ) véi gia thiét Likelihood cta quy
dao c6 tinh Markov
fori=1to N,

forj=1to N,

-b1: Tinh xac suat quy dao theo phuong trinh (29)

-b2: Tinh ham gia tri theo (31)

-b3: tim gié tri nho nhit cua (31) thoa man (27) va
(28), trong d6 tin hiéu do la trang thai muc tiéu twong ung

end
end
3. Két qua mo phéng
3.1 Kjch ban badm muc tiéu
Trong kich ban md phong cua bai bao, cac muc tiéu di
chuyén trong vang quan sat 90km - 50km - 12km véi s6
muc tiéu thay ddi theo thoi gian, kich ban cu thé nhu sau.
May bay 1 bam dudi theo méay bay 2, khi dén giai doan
lwon vong, may bay 1 phéng tén lia (muc tiéu 3) dudi
theo may bay 2, két thuc giai doan lwon vong, may bay 2
bi tiéu diét, may bay 1 chuyén sang giai doan ha d6 cao dé
ha canh. Vi muc tiéu 3 cha déng bam theo muc tiéu 2 nén
ching ta coi md hinh chuyén dong cua muc tiéu 3 nhu
muc tiéu 1,2.
Qué trinh md phong dugc thuc hién 40 lan va sau d6 lay
gid tri trung binh dé dam bao do6 tin cay.
Cu thé khoang thoi gian ton tai cAc muyc tiéu nhu sau:

Muc tiéu Thoi gian ton tai
Muc tiéu 1 t=0+340

Muc tiéu 2 t=0+250

Muc tiéu 3 t=150-+240
Tham s6 ban dau cua cac muc tiéu nhu sau
Mugc tiéu 1:

Vi tri ban ddu
Xos Yor Zo = 90km,—30km,8k m
Van tc ban dau

ViorVyorVyo = (100M/s,0m/s,0m/s)
Muc tiéu 2: .
Vi tri ban dau

X1 Yo, 2, = 90km,—27km,10km

Van téc ban dau
VyosVyo:Vye = (100m/s, Om/s, Om/s)
Myc tiéu 3:
Vi tri ban dau
X1 Yo, 2, = 30km,—30km,12km
Vin téc ban dau
VeorVyos Voo = (200m/'s, 200m/'s, Om/s)

Hé thdng do luong sir dung 1 Radar dat tai vi tri (Okm,
Okm, Okm). Nhiéu do ludng nhu sau:

Mb ta nhiéu

- Nhiéu hé théng
- Doi véi muc tifulva 3
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+) Nhidu gia tbc w, phan bé Gaussian c6 gia tri trung
binh bing khong va phuong sai la 0,Im/s?
w, ~ N(0,0.1)

+) nhiéu gia téc w,,w, phy thudc vao w, va quy dao
chuyén dong trén hinh 1

- Doi voi muc tiéu 2

+) Nhidu gia tbc w, phan bé Gaussian c6 gia tri trung

binh biang khong va phuong sai 13 0.2m/ s

w, ~N(0,0.2)

+) nhiéu gia toc w,,w, phu thudc vao w, va quy dao
chuyén dong trén hinh 1

- Nhiétf do luwong

+)Nhiéu do lwong Gaussian tic déng lén cu ly r v, cO
gid tri trung binh bang khong va phwong sai la 80m

v, ~N(0,80)

+)Nhiéu do lwong Gaussian tac dong lén goc nang 6 v,
¢6 gid tri trung binh bang khéng va phwong sai la 2 d

v, ~N(0,2)

+)Nhiéu do lwong Gaussian tac dong lén géc phwong vi @
V, ¢0 gid tri trung binh bang khong va phwong sai la 2
o

v, ~N(0,2)

- Phin bé tin hi¢u do lwong

Tin hiéu do lwong Zy gid thiét ¢é phin bé Posson véi gid
tri trung binh 1=6

Z, ~Poi 6

Nhu chung ta thiy trén hinh 4, khi cac muc tiéu cach nhau
du xa, ta co thé phén biét cac muc ti€u mot cach kha rd
rang. Tuy nhién, khi myc tiéu gan nhau ching ta khong
thé nhan ra tin hiéu do luong nao thudc muyc tiéu nio.
Trong bai bao nay ) phén tir cua bo loc duge chon la
500, sb tin hiéu do luong & mdi budc thdi gian duge gia
thiét 1a phan b6 Poisson v6i phuong sai =6, Cong cu md
phong st dung matlab 201 1a.

Muc tieu 1
Muc tieu 2
Muc tieu 3
Tin hieu do

z-axis

y-axis 2 10 X-axis

Hinh 4:Tin hiéu do
3.2 Mt s tiéu chi danh gia phwong phap
- Kha ning wdc lugng sé muc tiéu.
- Kha nang phéan biét muc tiéu.

VCCA-2015

- Kha niang nhan biét khi xuat hién thém muc tiéu va mat

muc tiéu.

- Thoi gian thyc hién.
- Bo chinh x&c ctua phuong phap.
+PRMSE (possition root-mean square error).

PRMSE, = [ﬁ

M 1/2

Z(pr - f)ixk)z +(ﬁyki - piyk)z ‘|‘(ka - ﬁizk)z

i=1

(34)

+VRMSE (velocity root-mean square error).

1 - o v
VRMSEk = [MZ(VXL _lek)2 +(Vy:< _Vlyk)z +(V;k _V;k)z] (35)
i=1

Trong dé

Py Py, P, & Vi tri that cia muc tiéu.

B, 0y, B, : Vi tri wéc lugng.

V,»Vy,V,  van toc that cua myc tiéu.

V,,Vy,V, 1 van toc ude lugng.

3.3 Kétqua

3.5

3

2.5~

2

1.5

1t

— So muc tieu that

So muc tieu uoc luong cua bo loc PHD

0.5

0
0

Hinh 5:

r c c c : :
50 100 150 200 250 300 350

S6 muc tiéu wée heong cua bg loc PHD

Quy dao that 1

Quy dao that 2

} Quy dao that 3

i Ket qua loc cua bo loc PHD
|

|

|
|
|
|
|
|
|
1
™
|
|
|
|
|
|

Hinh 6:Trang thai cac muc tiéu sau bg loc PHD
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Quy dao that 1
Quy dao that 2
Quy dao that 3 x 10*
—*— Quy dao loc 1
—+— Quy dao loc 2 1.3
~— 1t Quy dao loc 3

Quy dao that 3
~—+ Quy dao loc 3

11
1
1
0.9
05 0.8
4 -3
0 15
x 10 x 10
2 10 1 4
Hinh 7: Vi tri loc PHD+GRAPH cuia cac muc tiéu Hinh 11: V; tri loc PHD+GRAPH cua muc tiéu 3
§ 4000 : : : : : :
Quy dao that 1 3500/ | i
—* Quydaoloc 1 Muc tieu 1
15 3000 Muc tieu 2 i
Muc tieu 3 ‘
2500 1
1 E
g 2000 . | d
'3 L‘ | ‘t i I ”
o W NI ‘
. 1500 ‘ ‘ ‘\ ‘ B
4 ‘ Wit
1000 ‘ ! !‘ “ i v m i
° al v |
500 - ' 1
x 10"
2 10 % 50 100 150 200 250 300 350
k(giay)
Hinh 9: Vj tri loc PHD+GRAPH cua muc tiéu 1 Hinh 12:PRMSE
] 6000 . . . . . .
| —*— Quy dao that 2
Quy dao loc 2 Muc tieu 1
5000 - Muc tieu 2 N
12000 Muc tieu 3
11000 2000 ‘ |
10000 . ‘
E
9000 % 3000 /{ 1
=
8000 @
> ‘ ‘
7000 2000 N ‘ I " ” 1
‘ I | \ F y
2 hf . I P ‘ V
1000 il ‘ | 1
x 10 I
x 10
1 10 0 150 200 250 300 350
k(giay)
Hinh 10: V; tri loc PHD+GRAPH cua muc tiéu 2 Hinh 13: VRMSE

Thoi gian thuc hién md phong cua phuong phap thuc hién
trén may tinh chay hé diéu hanh windown 7, vi xt ly core
i5 3.2Ghz, Ram 4Gb 1a 700 giay.

Theo két qua md phong dugc thé hién trén hinh 5 va hinh
6 chung ta thiy rang, b loc PHD c6 kha ning wdc lwong
s& muc tieu mot cach chinh xac, ké ca thoi diém xuét hién
va thoi diém bién mat cua muc tiéu. Pau ra cua bo loc 1a
tap trang thai cdc muc tiéu, tuy tap trang thai nay la chung
cho cac muc tiéu va khéng cd kha nang phan biét nhung
n6 ciing chirng minh duoc wu diém cua bd loc PHD, d6 1a

VCCA-2015
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kha nang gigi han va giam céc tin hiéu do khong phu hop.
Do d6 giam duogc thoi gian thuc hién va giam doé phuc tap
ctia phuong phap bam da muc tiéu, dac biét 1a khi s6 muc
tiéu va s tin hiéu do lon.

Theo két qua mé phong thé hién trén hinh 7, hinh 8 va
hinh 9 va 10 ching ta thiy rang phuong phéap két hop bo
loc PHD va GRAPH cho két qua tot, kha nang phan biét
muc tiéu cao va khdng bi nham Ian. Tuy nhién, sai sé bam
ddi voi muyc tiéu suat hien moi va bién mit dot ngot trong
qua trinh bam (muc tiéu 3 & hinh 10) 16n, dic biét la thoi
diém xuat hién (t=150s) va thoi diém bién mat (t=240s).
Két qua bam ddi voi muc tidu ton tai tir dau dén cudi qué
trinh bam 6n dinh hon, sai s6 nho hon.

Tu ket qua md phong & hinh 11 va 12 ching ta thay rang
sai s6 vi tri va sai s6 van toc cua cac muyc tiéu co xu
huéng giam dan, tuy nhién sai sé cia muc tiéu mai suat
hién 16n hon va c6 xu hudng giam cham hon.

4. Két luan

Véi hé thdng bam muc tiéu két hop bo loc PHD str dung
bo loc phan tir voi phuong phap GRAPH trong hé toa do
hdn hop 3 chiéu d& cap & trén cé nhitng wu diém sau day:
Hé thdng c6 kha nang bam da muc tiéu thay ddi theo thoi
gian, kha ning phan biét muc tiéu tét, khéng bi nham muc
tiéu ké ca khi cac muc tiéu chuyén dong phuc tap &
khoang céch gan nhau, sai s cuia phuong phép chip nhan
duogc va co xu huéng giam, hé thong giai quyét dugc van
dé phi tuyén caa md hinh va phi Gaussian caa nhidu. Tém
lai, phuong phap bam da muc tiéu dé cap & trén ¢ kha
ning bam muc tiéu trong truong hop phuc tap nhat, tong
quat nhat va cé tinh kha thi véi cac tng dung thoi gian
thuc do hé théng glam thiéu dugc thoi gian xu ly. Tuy
vdy, hé thdng trén van con mot s diém can giai quyét do
1a thoi gian thuc hién cua hé théng, do hé théng thuc hién
loc phan tir dbi véi bo loc PHD nén lam ting thoi gian xir
ly. Do vay, dé thuat toan hoan thién hon, viéc nghién cau
cai dat cac thuat toan tdi wu hon 1a can thiét va can tiép
tuc duoc nghién cuu.
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