Nghién cwu khoa hoc cong nghé
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Tém tit: Theo déi muc tiéu la mét yéu cau thiét yéu cho hé thong gidm sdt sir dung
mét hodc nhiéu cam bién cing voi cic hé thong mdy tinh thir cap. Theo déi da gia
thuyét (MHT-Multiple Hypothesis Tracking) la phiwong phap thuong duoc sur dung de
gidi quyét van dé lién két div liéu trong bai todn theo déi nhiéu muyc tieu (MTT-
Multiple Target Tracking) hién dai. Trong bai bdo nay, ching t6i dé xudt mét phiong
phdp danh gid hiéu sudt cia thudt todn da gia thuyét theo déi da muc tiéu dwa vao
xdc sudt phat hién cac muc tiéu, thé hién qua cac thong 56 quan trong nhu: ty 1¢ tin
hiéu trén nhiéu SNR, xdc sudt phat hién quy dao, ngudng phat hién muc tiéu.

Tir khéa: Thudt toan da gia thuyét; Theo ddi da muc tiéu; Quy dao; Ngudng phat hién; Hiéu sudt thuit toan.
1. DPAT VAN PE

Thuét toan theo doi da gia thuyét (MHT-Multiple Hypothesis Tracking) dugc gioi thiéu
lan dau tién vao cudi nhimng nam 1970 [7]. Da co khong it cai tién nham cai thién thuat
toan, nhung cho dén nay MHT vén 1a mét trong nhiing thudt toan quan trong trong linh
vuc theo doi, bam muc tiéu.

Viéc danh gia hiéu suét phat hién quy dao va mat d6 bao dong gia dugc thyc hién bé“xng
cach sir dung cac mé hinh chudi Markov [2]. Trong mdt hé théng theo ddi thuc té, duong
di ciia mot quy dao phu thudc vao mét co ché rét phuec tap. Céac phan tich ti€n nghiém vé
hiéu suét theo ddi trong cac quy dao chuén di dugce trinh bay trong cac tai liéu [4-6]. Tuy
nhién, cac két qua phén tich dat duwoc chu yéu dua trén sy don gian hoa cac mé hinh muyc
tiéu - cam bién va cac thuét toan.

Thuat toan MHT da dugc phd bién ké tir cong trinh tién phong cua Reid [7] va duoc
mg dung trong nhiéu mo hinh muc tiéu - cam bién phirc tap [8] dé chira rang trén thuc té
thuét toan theo doi da gia thuyét téng quat 1a phwong 4n tdi wu trong mot tap hop cac diéu
kién nhat dinh, néu nhu tai nguyén tinh toan khong gidi han. Tuy nhién, ngay ca khi tai
nguyén la khong gidi han, viéc tinh toan hiéu suét cua thuat toan nay la rat kho khan. Mot
s6 phan tich hiéu suit thong qua mé phong Monte Carlo dd dugc thuc hién trong [8],
nhung chi cho cac mé hinh muyc tiéu - cam bién rat don gian.

Dit liéu dau véo cho thuét toan trong bai bao nay duogc gia dinh nhén tir radar trong hé
thdng giam sat. Hiéu suét theo ddi duoc do bang hai gia tri chinh: 1) xac suét thiét 1ap quy
dao tir cac dir li€u do thu dugc tir muc ti€u qua hé théng radar, va 2) mat d¢ bao dong gia
trong mot don vi gidm sat trén mot don vi thoi gian. Hai dai luwong trén con dugce goi la
dac tinh van hanh cua hé théng theo doi, ton tai song song voi cac dac tinh hoat dong cua
méy thu cam bién hodc hé thong xr 1y tin hi¢u.

Trong bai bao nay, ching toi dé xuét mot cach danh gia hiéu sudt cua thuat toan MHT
theo d6i da myc ti€u dya vao xac suét phat hién cac muyc tiéu, phuong phap danh gia hiéu
suit nay duogc the hién théng qua cac thong sd quan trong 1a: 1) ty s6 tin hiéu trén nhleu
(SNR), 2) xéc sudt phat hién quy dao va 3) ngudng phat hién myc tiéu. Bai bao gbm 4
phan phan 1 1a phan dit van d¢, phan nay gi61 thiu lich sir ra doi cua thudt toan va hudng
tiép can ctia nhom tac gia. Phan 2 mo ta ngan gon thuét toan da gia thuyét duoc sir dung
trong hé thong theo ddi. Phan 3 trinh bay cach thiét 1ap mo phong va cac két qua mod
phong; phan 4 1a két luan va dé xuat huéng nghién ciru tiép theo.
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2.CO SO LY THUYET CUA THUAT TOAN THEO DOI PA GIA THUYET
(MULTIPLE-HYPOTHESIS TRACKING ALGORITHM)

Gia sir chung ta c6 mét bo dit lidu (Z,, Z,, ...). M&i tap dit lidu 1a mot bo céc gia tri
do tir mot b cam bién S, tai cung thoi diém 7, . Nhu vy, mdi tap dir liéu Z, 1an luot 1a

mot chudi cac phép do hiru han:

Z,= " 0, ) )
trong bo dir liéu Z, c6 M, céc gia tri do. Ta dat:
z¥=(2,...2,) (2)

Chung ta sé&:
- Tim x4c suit hau nghiém ctia cac muc tiéu da duoc phat hién trong Z ® .
- Tim phan bo xéc suat hdu nghiém cla cac trang thai muc tiéu.

Ta dinh nghia tap chi s6 do do:

Jo= L. M} 3)
Véimdi k tacod tap chi s tich luy cua tap chi sb do do, ky hiéu la:
JO = {J, x{k} | k<K} )

Mot quy dao tai &, trén Z“ hay J* 1a tap con bit ky nao d6 cua tap chi s tich luy
cuta tap chi s do do. Vi du mot quy dao 7= {(j;, 1); (j;,3)} trén J© gia thuyét mot
muc tiéu dugc phat hién trong 1an quét dau tién & =1, co chi sé Ji » khong duoc phat hién
trong 1an quét thir 2, k =2, va sau d6 lai duoc phat hién trong 1an quét tha 3, k=3, ¢
chi s6 J3 - Mot gia thuyét lién két dir lidu tai k, hodc tuong duong trong Z*) hay J®,
chi don thuin 13 mot tap quy dao tai thoi diém k. Mot gia thuyét lién két dit lidu duoc goi
don gian 1a "gia thuyet".

Gia su: 1) Céc doi tugng la phén biét va chi xuat hién mot 1an tai mét thoi diém.

2) Cac doi tugng khong chia tach hodc hop nhat tai moi thoi diém. )

Gia st rang cac muyc ti€u la doc 1dp cung phan phoi va so6 cac muc ti€u cd phan phoi
Poisson, ta c6 cong thuc sau (xem[8]):

B2 =CR@IZ* D ]{L0, D). ) ert = D.re D) 5)

[T{M@ 70U, x k) =237 % @r € AL [{Bur ) 1G: 0k € AT T{Bra) | o) £ U2

trong do:
1) Z*)1a tap tich luy cua dit lidu dugc tinh dén thoi diém k bao gdm ca Z, .
2) A 1a mot gia thuyét tuy ¥ tai thoi diém tht k.
3) C la hang s6 chuan hoa.
4) Cho mét quy dao 7 trong Z*, 7 1a mot quy dao trong Z¥™" va 1a tién than cta quy
dao 7, va dugc dinh nghia nhu sau:
r=rnJ*" (6)

& day, 7 c6 thé trong.
5) Cho mét gia thuyét A trong Z“), A 1a mot gia thuyét trong Z“™ va Ia tién than cua
A, dugc dinh nghia nhu sau:

A={r|lte N ={rnJ* " |relirnJ* " e} @)
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& day, A c6 thé tréng.

6) Ly | ©) 1a ham hop 1y cia yeZ, véi didu kién biét quy daor; theo
nghia LyL( v ;)dy 1a x4c suét ciia myc tiéu dugc gia dinh co quy dao T va nhan gia tri
y trong AY . Ham hgp 1y nay duoc cho boi:

L(y|7)= jPM (v | %).Py(x).P(x,t, | 7,Z%")dx (®)
7P, ( | x) 12 ham mat do xéac suét cua gia tri do (.) cho mét trang thai muc ti€u x, chinh
xac hon jAyL( y|x)dy 1a xéc suit c6 diéu kién ciia mot trang thai muyc tiéu x c6 gia tri
trong tap dir liéu Z, , tao ra mot phép do co gid tri y trong AY .

8) P,(x) 1a x4c sut phat hién muc tiéu x trong tap dir liéu Z, .
9) P(x,t, |;',Z DY 1a ham mat do x4c sut ciia mot muc tiéu dugc gia thuyét 13 c6 quy
dao 7, duoc do tai cing thdi diém £, ( tirc a phan bd dy doén).
10) M(7)1a ham hop Iy ciia quy dao 7 khong duoc két hop véi bat ky phép do nao trong
tap dir liéu Z,, ma trong thuc té xac suat cia mot muc tiéu duge cho bai gia thuyét theo
quy dao P khong duoc phat hién trong tap dir liu Z, , va do d6 dugc cho bai:
M (7) = [ (1= P, (x)).PCxt, | 7,2 )dx )

11) B,;(») 1a ham hop 1y ciia mot d6 do trong Z, nhan gia tri ¥, c6 ngudn goc tr mot
muc ti€u mdi dugce phat hién, nghia 1a LY Br()dy 1a s myc tiéu chua duoc phat hién
trong tap dit liéu Z (1) nhung da dugc phat hién (lﬁn dau tién) trong tap dir liéu hién tai
Z,,cacgiatri y trong AY . Diéu ndy dugc cho boi

Bur () = [ Py (01 )Py (). By (1 | 7,2 ") (10)
12) Bupr (6t | 7,2%") 1a ham mat do xdc suat cia cic muc tiéu khong bi phat hién
trong cac bo dir liéu qua kh Z,,...,Z, |, trong khong gian trang thai muc tiéu tai thoi
diém ¢, , tic 1a IAX Buor (X1, 17,Z%)dx 1a sé muyc tiéu ma chua dugc phét hién trude
day (dir liéu trude thoi diém k) va trang thai x cua n6 nam trong AX.
13) B3,.,(¥)1a ham hop 1y cia y € Z, v6i y la bao dong gia (nghia 1a c6 gbe tir mot muyc
tieu khong co6 thuc), do 1a mat do cac bao dong gia trong tap dir liéu hién tai Z,, tic
12‘1_[ B..(¥)dy 1aky vong cua cic bao dong gia dugc bao ham trong mién AY.

Phuong trinh (5) ¢ dang de quy. Bé dong de quy chung ta can cap nhat lai trang thai
clia thuat toan theo ddi. V&i mdi gia thuyét A vamdi 7 € A1, néu (j,k) e, thi

P(x,t, |7,2%) = L(y, | 7) Py (v, | %).P, (x).P(x,t, | 7,27 (11)
trai lai

P(x,t, | 7,Z%) = M(z)".(1- P)(x)).P(x,1, | 7,Z*") (12)
V6i xac suat khong phat hién dugc muc tiéu, ching ta co:

Bopr (x:2, | faZ(k)) == F,(x).Bpr (x,2, | Z(IH)) (13)
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Hon nita, néu ¢, > f,.;, ta cAn ngoai suy phuong trinh,
Pt | 7,25 = [F(xt, | 5., )Pt | 7,27 )d x (14)
Va Boor (x,2, | TaZ(kil)) = IF(x, I |;, L )-Pupr (;a b | Z(kil))d; 15)
trong d6, F(.|.)1a méat do xac suit chuyén ddi cho céc trang thai muc ti€u, tic 1a,
JAX F(x,t| ;, Z)dx 1a xac sudt cua trang thai muyc tiéu x tai thoi diém ¢ trong AX dugc
cho boi trang thai tai thi diém 7 <7 1a x.
R3 rang tu (11) - (14) chiraly thuyé} vé theo doi da muc tiéu thyc sy 1a mot sy mo
rong cua ly thuyét wéc lugng hodc ly thuyét loc chung.
3. THIET LAP MO PHONG VA CAC KET QUA CHIiNH
3.1. M6 hinh mé phéng
bé t}luc hién mé phdng, ching t6i da chon mdt bd ce}m bién dién hinh, tac 12 mot
radar, nham quan sat cac myc tiéu trong moi truong SNR thap. Cac muc ti€u dugc gia dinh
la chuyén dong theo cac quy dao co6 van toc khong doi. Chung t61 gia dinh c6 mét bd cam
bién duy nhét, vi dy, mot radar dugc mé phong boi: P, ( V| x) va P, (x) nhu mo ta trong
Phan II.
e X4c sudt phat hién: P, (x)= H Pi(x,) (16)

ic{R,A,E.D,S}
o day: P ( ) 12 ham dai dién cho mdi thanh phén i trong {R, A4, E, D}, trong d6: R_cu

ly (Range), A_goc phuong vi (Azimuth), E_géc nang (Elevation), D_d9 dich tan-(Doppler
range rate- toc do bién ddi ciia khoang cach tir muc tiéu dén may thu), va S_ty 1¢ giira tin

hiéu va nhiéu (SNR). Véi mbi X, 1a gia tri dung cua mdi thanh phan i.
- VéiItrong {R, 4, E, D} ta co:

By(x) = \/—IFOV {——[y';xfj de,. (17)

trong d6: FVO, 1a viing quan st cho thanh phan i, va o, 1a d6 léch chuén cho thanh phan i .
-Véi i = S, thi SNR tinh nhu sau:

SNR = SNR —=
RCS

RCS 1a thiét dién radar va 13 mot bién ngiu nhién c6 phan bb mii v6i trung binh 14 RCS',

SNR 1a ty 18 tin hiéu/ nhiéu trung binh, tinh nhu sau:
y—
SNR {&) RCS (19)
R) LR
voi R 1a cu ly cia muyc tiéu, va Ry, L(R) 1a cac tham s6 radar khac va duge truyén vao mo
hinh. Diéu nay c6 nghia 1a SNR 1a mét bi€én ngau nhién c¢6 phan bd mii voi trung binh 1a

SNR . Gia tri d§ do cua SNR 13 yg,, duoc tinh nhu sau:
Vo =5 (& +N2SNRY: +17) 0)
O day, & va n 1a hai tham sb ctia phan bd Gauss c6 trung binh 13 0, phuong sai 1a 1. C6

thé cho thiy rang Yovr 12 mOt phan phdi mii véi trung binh 1 + SNR. Do d6, khi tin hiéu

218 N. T. Hang, ..., L. T. H. Giang, “M¢t cich danh gid hiéu suit ... theo doi da muc tiéu.”



Nghién cwu khoa hoc cong nghé

trong ngudng SNRry chung ta co:

— SNR
PS(SNR) = exp| ———=—ZL (21
b (SNR) p( 1+SNRJ

Nhu vy, SNR ¢6 thé 1a mot phan cia trang thai. Tuy nhién, ddi véi muc dich 1a danh

gi4 hiéu suat, ching toi gia sir ring SNR d4 biét trong thuat toan theo ddi.
e Giatrictua B, ( V] x) trong mo hinh dugc phan tich thanh:

P,(vIx)= T1 B (ylx.k) (22)

ie{R,4,E.D,S}

- Vi i nhan gia tri trong {R, 4, E, D}, ta co:

2
exp _l(yi_xij
2\ 9 (23)
' 2
1 Yi— X '
J.FOV' exp[_z[ i Jdei

0 day, o, 1a o léch chuan cita nhilu, va ¢ max{ g, @mm} (24)

\ 2y ok o

Véi &, 13 d6 phan giai cam bién cho thanh phan i . Cac tham sé do J, va 5™,

PAi[(yi|xi):

duoc liét ké trong bang 1.
Bing 1. Cdc tham sé cia cam bién (radar).

Do do i Gi o™"
Azimuth A 1,8° 0,03°
Elevation E 5,1° 0,1°
Range R 150 m S5m
Doppler D 1m/s 0,1 m/s
-Véii=S, taco:
— ~SNR,)
P SNR) = exp| - Y 11 ) (25)
s | SVR) =R [ 1+SNR
X4c suét bao dong gia: P,, = exp(—SNR,,, ) (26)
vé6i s6 cac bao dong gia trung binh a:
FOV,
Vis = Py H M ) (27)
ie{R,A,E,D} 5,

trong do, u(FOV;) la thé tich clia viing quan sat cho thanh phan do thir i . Mat d6 ciia bao

dong gia, nghia 13 do do cua SNR khi mot gia tri do 1a bao dong gia, duoc mod phong bang
mdt phan bo mii nhur sau:
P Yoy € Ay} =exp(—(vgy —SNRy,,) ) dy (28)
Vi chiing ta gia st rang trung binh cia SNR di biét nén trang thai muyc tiéu nhu 1a
mot vector 6 chiéu, tire 13, ¢o 3 chiéu vi tri va 3 chiéu van tdc.
Chung ta ciing gia sir rang phan b trang thai muc tiéu cia tat ca cac quy dao cii T, 6
phan bd Gaussian (xap xi), nhu sau:

P(xt,|7,2) = (29)

\/det(127z?) P (_%Hx . j
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Sau do, tir (8), (16), (17), (21) - (23), va (25), va tir phuong trinh tuyén tinh cia
phuong trinh do phi tuyén, co

- 1 y 1 1 - P
Ly|t)= —— |.exp| ——3& exp| —— - (30)
1o (1+SNRJ p( 1+SNR) Jdet(27S) p( 2‘”“‘”’ Ha S‘)
Trong d6: yraep = (R,A,E,D) 1a vector ctia phép do, ¥rarp = (R,4,E,D) 1a phép chiéu
phi tuyén cua udc lugng trang thai tai thoi diém x 1€n khong gian do cua cdm bién, S 1a ma
tran phuong sai méi duge dinh nghia béi:

S =HVH + % (31)
L0 0 0)' [ g 0
Véi |0 R.cosE 00 g 0 { L _OJ (32)
0 0 R O g 0 |'\-D1, RI,
0o 0 o0 R) - g
gr cosAcosE  sinAcosE sinE I
O day: gl |=| -sin4 cos A 0 |7 (33)
g5 —cosAsinE -sinAsinE cosE | g
Vi X =diag(c’y, 04, 65, 1) (34)

Trong (32) ¥ la thanh phﬁn van tdc cuax, Vi la vector van tdc cam bién, I 1a ma tran

van toc ¢d 3 x 3, Ve‘l(li)ie ( 1a hé thong diém anh cuia cam bién x4c dinh phuong vi va

R, A, E}

huéng cao. Bing céch thay thé (16), (17) va (21) vao (9) va bo qua céc diéu khodn chéo
gitta cac thanh phan do, kha nang phat hién 16i c6 thé dugc tinh nhu sau:

- SNR -3
M(7)=1-|ex 11 Aol g (35)
( ) |: p( 1+ SNRJ ie{R,A,E,D} \}2”5 IFOV [ Sll J yl}

trong do, S;; 1a phan tur chéo thir i ciia ma tran S duoc dinh nghia baéi (31).

Viéc tinh toan mat do cua muc tiéu méi duoc phat hién Syr kha phirc tap. Ta can tinh
dugc mat d6 cac muc ti€u khong dugc xac dinh, Sypr. P61 véi phan tich nay, ching t6i su
dung cong thirc gan ding sau:

1 Ysnr j
=| ——— |.exp| - (36)
Brr(¥) (l-l-SNR) p[ 1+ SNR Bupr(R)
Trong d6, fypr 1a gia tri trung binh ctia mét 6 cac muc tiéu khong dugce xac dinh:
_ y SNR,, \Y aro (37)
R)=| ———"T — || 1—exp| ———=LL
Pt ® = uirom) ( exp[ 1+SNRD
ic{A,E,D}

trong d6: vr 1a ky vong xuat hién muc tiéu trén ving xac dinh trong mot khoang thoi gian
nhét dinh, Ry, 1a khoang cach tir cam bién dén duong chan troi, AT 1 thoi gian giita hai lan
quét lién tiép va D 1a ty 1 trung binh cta cac myc tiéu.

Cudi cung, gia sir raing mdi thanh phan khac cia mot bao dong gia duoc phan phdi
dong déu trén mdi khoang FOV, chiing ta ¢ thé két hop (26)-(28) dé c6 duoc mat do bao
dong gia, nhu sau:

(38)

Br(¥) =
FA ySNR S,

€{R,4,E,D}
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Pé bit ddu mot quy dao, ta can mot thudt toan (xdp xi) dé sinh mot phan bd Gaussian
& vé trai cia (11) khi 7=¢J. Phan b6 trang thai muc tiéu P(z,t, | @,Z2"") rét kho dé

tinh. B6 qua thong tin phan bd trang thai myc tiéu ciia cic muc tiéu khong bi phat hién,
mot quy dao dugc bat dau tir mot bo phép do nhu sau:
1) Tao mdt phan bd Gauss tir ba phép do vi tri la: cy ly, phuong vi va cao do.
2) Tao mét phén bd Gauss clia vector van tdc tir thong tin vén toc ban dau. Trong trudng
hop nay phan bd phi hop duogc chon dua trén thuc té co tdc do nam trong khoang tir 150
dén 300 m/s va muc tiéu 1a muc tiéu di dong hudng dén trung tam khu vuc giam sat.
3) Cap nhét phan bd trang thai muyc tiéu Gauss bang phép do Doppler (range rate). Sau khi
mot quy dao duoc tao, timg dung bd loc Kalman mé rong (EKF) dé cap nhat quy dao. (11)
dugc tinh bang:
X=X+K(Vrsep =¥ rarn) (39)

voi: K=VH'S'vaVv = (1-KH).V (40)

Cap nhat X va uéc luong ma trin phuong sai sai s6 7. Khi khong cé phép do nao
duge chi dinh quy dao duge cép nhat theo (12). Xac sudt phat hién Pp(x) duoc cho theo
cong thue (16), (17). Trong thuc té, mot myc tidu khong bi phat hién khong anh hudng
nhiéu dén phan bd trang thai muc tiéu, va do d6, khong can cap nhat cac quy dao khi no bo
16 m&t phat hién.

Trang thai muyc tiéu c6 thé duoc biéu dién bﬁng mot vecto sau chiéu x = @', v véi
hé toa d6 ba chiéu u do dugc trong quan tinh tdm Trai Dat (ECI) va dao ham cua nd, v =
du/dt. Ching t61 gia dinh rang muc tiéu vé co ban khong thay ddi nhiéu duong di; toc do
va do cao bién ddi lién tuc, co thé mod phong cac thay ddi d6 twong dwong véi viée bd sung
nhiéu trang. Noi cach khac, mo hinh dong lyc trang thai muc tiéu dugc xac dinh boi
phuong trinh vi phan ngiu nhién sau:
du(t) =v(t)dt

dv(t) = %(% (1), (1) = ex (1), () ) v(D)dlt + (e, (1).5(¢)., () Qdw(?) (41)
u
trong do, e, (¢), eg(t) va e,(t)1a cac vecto don vi, tic 1a:
€ 0) =) xes(0; ()=, ”8” ()= ”“Eg" (42)

Véi x 12 toan tir ngoai (chéo). Ma trdn Q trong (42) 1a ma tran chéo vdi cac phan tir
chéo la m’llq_H’ ,ua"q_H, va ,ua"q_v, trong do, gy va gy 1a cudng do gia téc tring theo hudng
ngang va doc. Céc hoat ddng ngoai suy dé thuc hién (14) v6i mé hinh nay cho mét khoang
thoi gian nhét dinh At giita hai lan quét lién tiép c6 thé dugc thyuc hién theo cac budc sau:
1) Trong h¢ toa do ECI, trudc tién chuyén chung thanh hé toa do dé-cac duge xac dinh boi
cac vector don vi cho bdi (42), tire 1a chiéu dai, chidu rong va chiéu cao.

2) Cho (%, V) 1a vector trung binh va ma trdn hiép phuong sai thé hién trong toa do nay.
Sau d6 thyc hién phép ngoai suy tuyén tinh, dé c6 dugc % va hiép phuong sai V.
3) Bién d6i %, ¥ tro lai hé toa do ECI. Khi At qua 16n n lam cho xép xi trén khong hop
Iy, chiing ta c6 thé chia khoang thoi gian thanh cic doan con nhé va lip lai ngoai suy &
trén cho mdi doan con.
AT = AT?
;c:(] Aljxval;_ IADG L0 3 Q 2 Q (43)
0 7 0 1) \a1 1 ATZ

0 ATQ
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Dé danh gia xem mot quy dao c6 duge thiét lap hay khong, chung t6i da chon quy tic
sau: Mdi quy dao t duoc lién két véi xac suit cia nd bang:
IAGAVADEDWACIVAD! (44)
el
Mot quy dao duge danh gia s& dugc thiét 1ap néu xac suét thiét 1ap quy dao vuot qua
ngudng cho trude (ngudng xac suit theo ddi). Trong mot 1an chay nhét dinh, sé lwong quy
dao dugc thiét 1ap co thé thay ddi tir 0 dén nhiéu hon. Sau d6, tinh khoang cach giira trang
thai wdc tinh va trang thai muc tiéu thyc. Néu khoang cach giira trang thai udc tinh cia
muc tiéu va trang thai muyc tiéu thuc nim trong ngudng nhit dinh, thi két ludn mot quy dao
duogc thiét 1ap tir thong tin myc tiéu, sau d6 duoc tinh nhu xac suét thanh 1ap quy dao Per,
sau khi chay mot so luong du 16n Monte Carlo. Cac quy dao con lai (c6 xac sudt vuot qua
ngudng xac suat theo doi dd cho) duoc tuyén bd 13 cac quy dao gia va trung binh cia sb
cac quy dao duoc ldy tir md phong Monte Carlo dé udc lwong mat do quy dao gia.
3.2. Két qua mé phong
Tap cac tham s chinh duogc str dung trong chwong trinh mé phong 1a:
e Gia tri SNR (tinh theo dB), SNR =6, 8, 10, 12, 14;
e Xéc suét bao dong gia Py, = 107,107,107,
e Ngudng phat hién muc tiéu P;ry = 0.25, 0.5, 0.75;
e Ngudng cit tia gia thuyét Py = 0.01.

Dit liéu dau vao duoc gia dinh tr 12 muc tiéu, & khoang cach tir 3km dén 4km so véi
vi tri thu ctia radar, toc do di chuyén nam trong khoang 100m/s dén 300m/s. Mdi diém thu
duoc 1a gia tri trung binh cua 300 1an chay mé phong Monte Carlo.

Hinh 1 cho thiy xac suit thiét lap quy dao mot muyc tiéu (Pgr) 1a mot ham cua cac gia
tri SNR, SNR, v6i ngudng phat hién cia radar SNR, xac suit bao sai P, = 10™. C6 ba
dong twong tng véi ba gia tri ngudng Py 13 0.25, 0.5, va 0.75, cho xac suét theo ddi can
thiét cta viéc thanh 1ap quy dao.

12 1,2

1 1

0,8 e 0,8
0,6 0,6
04 ® 0,4 H
02 0.2
0 (0]
6 8 10 12 14 6 8 10 12 14
Ngudng 0,25 Nguwéng 0,50 —e— Nguwdng 0,25
Nguédng 0,75 Nguwdng 0,50
Hinh 1. Xdc suat phat hién quy dao Hinh 2. Xdc suat phat hién quy dao
, . 4 ;. 5
voi Py, = 107, voi Py, = 107.

Hinh 2 thé hién két qua cac duong cong hiéu suét voi ngudng phat hién cao hon, P, = 107.

So sanh két qua trong cac bo sb liéu khac nhau, ta thiy:

- Hiéu suit Pz7 1a mot gia tri don diéu ting cua SNR. Cac dudng cong thuong dat dén
diém bao hoa, nghia 1a Pzr = /, tai SNRE = 12 dB.

- P9 nhay phat hién quy dao giam dang ké theo ngudng xéc suat theo ddi Pry.

- Trong trudng hop ngudng phat hién SNRyy cao, nd hdu nhu khong nhay cam véi
hiéu suat phat hién Pgr.

222 N. T. Hang, ..., L. T. H. Giang, “M¢t cich danh gid hiéu suit ... theo doi da muc tiéu.”



Nghién cwu khoa hoc cong nghé

Hinh 3, hinh 4 thé hién s lugng trung binh cac quy dao va s lugng trung binh cac gia
thuyét doi vdi cac gia tri SNR =6, 8, 10, 12, 14 dB.

12 20
18 €]
16
14
12
6 10

10

@

o 8
4 ®
~ 6 d
5 4
2

1.0E-5 1.0E-4 1.0E-3 1.0E-5 1.0E-4 1.0E-3

@ SNR=6dB SNR=8dB SNR=10dB @ SNR=6dB SNR=8dB SNR=10dB

SNR=12dB —e— SNR=14dB SNR=12dB —e— SNR=14dB

Hinh 3. S6 heong trung binh cac quy dao-  Hinh 4. S6 lrong trung binh cac gia thuyét-
ung voi cac moc Py, ung voi cac moc Py,

Dbi voi cac truong hop SNR thép, sO lwong trung binh cac quy dao va trung binh cac
gia thuyét cia truong hop Pp, = 10 tuong tmg nho hon so v6i truong hop Py, = 10°. Co
diéu nay 1a do v6i SNR thap, muyc tiéu that hiém khi duoc phat hién, dic biét khi ngudng
phat hién cao (nghia a mat d6 bao dong gia 1a thip).

4. KET LUAN

Trén déy, ching t6i su dung phuong phap mé phong Monte Carlo dé danh gid hi¢u
sudt ctia thuat toan theo doi da gia thuyét. Pham vi mé phong dugc giam bot bang cach
loai bo cac phan khong can thiét va tranh lap lai thong ké trong mdi lan chay md phong,
nhung van thu dugc cac tuong tac thiét yeu giita cam bién, quy dao va gia thuyét.

Hiéu sudt ciia thudt todn da gia thuyét theo doi nhiéu muc tiéu dwoc mod ta thong qua
Xdc sudt thiét ldp quy dao Pgr (probability of establishing a track) va Xdc sudt bdo dong
sai. Yéu t§ chinh dé xac dinh cac gia tri nay 1a SNR trung binh (duoc tinh toan ra boi cac
loai radar khac nhau), xac suat bao dong gia Py, va ngudng phat hién muc ti€u Prry. Thong
qua viéc md phong, chung ta da rit ra mot sb két luén trong phan két qua thuc nghiém.

Dé co nhiing ap dung cu thé hon trong thyc té, chiing t6i mong muén dugce thyc hién
cac tinh todn cho cac tap dir liéu thyc té du 16n, trén co s do khang dinh thém tinh 6 6n dinh
cua thudt toan va c6 thé phat trién cai tién dé dem lai loi ich thiét thuc cho vén dé an ninh,
qudc phong.
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ABSTRACT

A PERFORMANCE EVALUATING OF MULTIPLE HYPOTHESIS TRACKING
ALGORITHM FOR MULTIPLE TARGET TRACKING

Target tracking is an essential requirement for surveillance systems employing one
or more sensors, together with computer subsystems. Multiple hypothesis tracking
(MHT) is generally accepted as the preferred method for solving the data association
problem in modern multiple target tracking (MTT) systems. In this paper, we will
evaluate performance of multiple hypothesis algorithm for multiple target tracking
based on target discovering through important parameters, such as: signal-to-noise
ratio, probability of establishing a track, and track probability threshold.

Keywords: Multiple hypothesis tracking; MHT; Performance of algorithm; Detection threshold; Track.
Nhdn bai ngay 26 thang 02 nam 2018
_ Hoan thi¢n ngay 18 thang 3 nam 2018
Chap nhdn dang ngay 02 thang 4 nam 2018
Dia chi: ! Khoa Khoa hoc co ban, Truong Pai hoc Mo - Dia chét;

2 Vién CNTT, Vién KH&CN quén su.
* Email: nguyenthihang@humg.edu.vn.

224 N. T. Hang, ..., L. T. H. Giang, “M¢t cich danh gid hiéu suit ... theo doi da muc tiéu.”



