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Abstract
sets (L-RFS) framework is proposed to estimate the number, shape and state of extended targets under clutter condi-

In this paper, a new multiple extended target tracking learning algorithm based on labelled random finite

tions. The algorithm mainly includes two aspects: multi-extended target dynamic modeling and multi-extended target
tracking estimates. Firstly, a finite mixture model (FMM) of extended target is established under the generalized labelled
multi-Bernoulli (GLMB) filter. Learning the parameters of finite mixture model by Gibbs sampling and Bayesian infor-
mation criterion (BIC), and then equivalent point target measurements are used in place of the actual extended target
measurements. Finally, the proposed ellipse approximation model is used to realize the estimation of the extended target
shape. The simulation results show that the proposed algorithm can effectively track the multiple extended targets and
it is superior to CBMeMBer algorithm in the estimation of the number of extended targets. In addition, comparison with
LMB filter shows that: The filtering accuracy of the GLMB and LMB algorithms are close to each other, and the accuracy
of both algorithms is higher than CBMeMBer algorithm.

Key words Multiple extended target, finite mixture models (FMM), labeled random finite sets (L-RFS), Generalized
labelled multi-Bernoulli (GLMB) filter, Gibbs sampling, Bayesian information criterion (BIC)

Citation Chen Yi-Mei, Liu Wei-Feng, Kong Ming-Xin, Zhang Gui-Lin. A modeling and tracking algorithm of finite

mixture models for multiple extended target based on the GLMB filter and gibbs sampler. Acta Automatica Sinica, 2020,
46(7): 1445—1456

2 HARBRERAE R L 75 S5 AR 2 U AR A7 A2 56
HEE (VBT L ARG H bR ERER IO 52— Bk

ek HiP 2018-01-31 s HHI 2018-07-15
Manuscript received January 31, 2018; accepted July 15, 2018
R ARB RIS (61771177, 61333011), VT 9548 H SRRl 3 G 10

H (BK20160148), HiM i T RHCK 0T 2 618 S0 7 2 & 00 H
(yx1w2018008) #tlh

Supported by National Nature Science Foundation of China
(61771177, 61333011), Natural Science Foundation for Young
Scientists of Jiangsu Province (BK20160148), Foundation for
Hangzhou Dianzi University Excellent Dissertation Cultivation
Project (yxIw2018008)

KRLTHUERE VI

Recommended by Associate Editor XU Bin

1. BN TR A3 2 e R GRS DR TS b

sOHFR, IR HREZ A — AR AL HEEE

310018 2. o [E L FREE AR AR ) U E SRS LR E A
S HaC 210007

1. Institute of Systems Science and Control Engineering, School
of Automation, Hangzhou Dianzi University, Hangzhou 310018
2. Science and Technology on Information System Engineer-
ing Laboratory, The 28th Research Institute of CETC, Nanjing
210007



1446 H ]|

¥ {1

46 %

ARAL IR BRI AW A, 7538 70 #0510 H 2t 32
FEAG R ATTRENE A H A b 3Rk AG 2 A&, B4
HARAE— A RPN P A A 1A s, K2R
Hbs#k a8 ke HbsM. il 1 s, B A H 4510
BLE  HUREE A D) 5 TR I AL B RAT 22 Al
I FE HRR IR B ER B8 D A3 SO ER H AR i (112
FhfE BAESE R

K1 g ReHbs (DU FRosail)
Fig.1 The concept map of extended target

(the four-pointed star denotes the measurement)

PR HARERERAFAE M W & 1) — A HARAE—A
RAE SN P AN E AN R, O LI 8
WAL TR RS (WINEIL) /NPT, IR
AR BT BAT— @ MR 2) 378 H AR Rl
WORAKN, LR v RebE R (R 22 4k, T 3H bREAR A
o R DR A SR AL A E AR I B A A,
U R AR AR R A% 8 1) 0 SR TR SRV, R R s o
X (Probabilistic data association, PDA) LB
156 R 4 Ok (Joint probabilistic data associ-
ation) FyEE-0 2 ERES (Multiple hypothesis
tracking, MHT) $5y%06-7 B35 H kx> $ORT2 0 %
(3N, Je SR ARG IS, A AR 1)

Ak, LA R4E (Random finite sets) P
WA RE HAR )RR 1) jEUSR A 1 — o ) i o S 2
G M ERER VAT, SCHR (8] o, Koch 513E T AVAT
IR H AR IR T FLAE A BENUAR BEER 0 $2
T2 DT AR HEZE K 4 e H AR ERER BV,
R SR B AR IR ER EEY SR B AR H AR ERER,
CIRD R Ea o E 7N <1 B AN < Wl (511 B DU i e 1 -
AR H AR A B TR, B A% 7 A T
TP IAEE AR H AR EREE. Baum /£ 3CHR
[10] w511t T BEATLAR i A 28, B Be i A 00 5 2
BEATL A sl 8 it T ) e 3R, Al W D H FR TEARAIE
B T AR IR 0E . 723k [11-12] 1, Gilholm
BRI AE T AT B HARE AL, Mahler 4
T ET-PHD §J¢ H br A Bt s 1), %07 ik
AT T EEEE O, ] BAIR] I 3R A5 H bR Ak v A
ANEE TR SOk [14] 2 T MRS PHD 4

Ji& BFRIRER L. B S Orguner 555 HEHY R H
bt E-CPHD #ME 2 i 15 %5 i S0 Vo 2545
SCHR [16]) Tt T XFRZEZ A5 A (Generalized
labelled Multi-Bernoulli, GLMB) 3£ % H br PR EF
S, SRR bRC AN R IR H AR, (HUR TS
AABAXT 8. fF GLMB 3 H L3 il ., Beard
T RAY B, 456 GLMB 38BN 5 —
iy — 1% Wishart (GGIW) 23 And BRI 29 & HAx
PRERFVEDT T 24 e H bR PRI i) R A T L
HARAN B4 TE, STk [18] Xt R 4H CBMeMBer J&
PSR SR P EAT T ek, 51N 2 B IIBUAA BRI 2L
WA T B AR E Al T, SR H AR AR
flivh, SCHR [19] 42 T4 R HFR AR B ER ) A2 B
A MY FE R, D2 AT R B AR AL R
Bt AL A A 2501200 SRR (5 B AL o T A2 =230 Sfeset
R HARRIREAARE. X T Gibbs RIEMINH, Vo &5
¥ GLMB  JEJ 1) 5855 A2 AP0 28 AR 43 A B Rl — 22,
$EH T ML T Gibbs RAEHIEMNT XhR2E 2 A0 %5
TR I8 %5 5 (AT A 5 304250 Sk [26]
— L T AR g3 DU i) A T 2 H bR 2 A0 55 R Dk
(VB-CBMeMBer) SRERSLVE, FIH] AL 75 VU457
AR SR % R 00 ™ A sOBR AR R M S ) T ZE 1)
WA MR %5 52, R4 20 5000 7 A2 I ROIRAS AT R 28
329 e HFR RS

X B BR ) 22 ) R, SR [27] T e A
A SCHIEAT, T S H AR TR S5, RIS
K IR BERBERAE (T VRS H AR TR BEAT Al v
{HZ LIS TAE S0 1) Bayes MESE, ANREALEE H br i
AEBE TG DU H AR BRI B, T H AR ER R
e el R APPSR ABLT R H AR, R 2% 18 2
0L, SCHER (28] X RT3 HEEE H bR IR ER, R AT
GLMB JEBORA TR0 h % HERIRAS, 0 464
LR A 20 T8 1 5 A8 AN B At o, X A S BF 9 AT
—EMRK.

X2 R H bR ERER in) i, FRATRA GLMB
PEBEAS RAG VIR PP I 2 AR H AR, SCHR [17]
A AR 255 (LMB) 83 4% 1 < B i
Wy T el D SEE T SR, R, AEREIK
ARG T 2 B AR FE R, A2 ORFE A — A
JAIAR] N —AE AR 5248 GLMB J5 58 00, {Ell &
EHPR Y ey LMB 4045, T LMB JE3
AR U T 5 A EAT A BAAL B, DRI B 2% A
SR AT A B ZE, 5 GLMB BB ASAH L, X2
FHEUGTHRZSE .

AKILE AR Z Y H AR5 ) 5k, BT
P& HAx GLMB g%, 27 H x5 A7 B & A
. ¥ Gibbs K AfF1 BIC (Bayesian information
criterion) #ENIZ5 5 KX 24 & H bR dhAT 2% 2 BRER,
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I B S ROOT R ARYT R B bRy A i, Y
Ji& H AR TR A R BRI AS A

AT SCHR [29] 1 J5 2R 9T A, SCk [29] A
ST Y H bR A AL LGRS R H bR
WRESAGTE 7. ARSCHESCHR [29] &AL FX & H
i 1 U A B VR S B R AT T RN A UGB, T
ZY R HAR R, 45 TAREAME T 28 R s
AN BT, SER T A 4 T GLMB H LA
CBMeMBer H4 T 247 & H bR IR ER 0 LG S5
SEHG &5 R AT S0k [29] B AT

ASCIEER N 3B 1 WA AT 2N B4R
A1 FMM (Finite mixture model) 4 R &5 #5711
HR AL 552 WAt T 2R HARIRERE ) H
2, AR B AR GLMB 383, ¥ HArf BRE
HAEA | Gibbs SRFESE & BIC HENIR SR 4H; 56 3
REP S AN N T T e s TR

1 [a)REfEA

LA H AR EREE RSN R T — i 2 H FRER R
), AN HARAEAE A 2 AN, JF B2
IAER AR /. AR 582 HbRERER A ARG, otk
ASCR M T HR 28 BENLA IR A A BRIER 500, g H
A AT RV AR, 3 O R PR SRR SR 2
PREHARIEAT 2] X T R H AR Z A5, diar
AT BRI A ELRT Gibbs SRAES% > 51k
1.1 #REENARE (L-RFS)

TERENLA RIS AEZE T, JCFR B HOZ BEAL
(K1, JCEA 5 W BENLI, Jo3 Z R 5 5
257, Z HARAE B N ZBPRE T RUT N HTE) RFS
(Random finite sets) #&FREO—31:

Xip ={zp1, - 7xk,N(k)} € F(&X) (1)

B IR AR AL, RSB E Tk N 22 H Ak
PTG R, A6~ %I, HARal e g A
PR H bR, Hbswl BEFF A4, Hbsnl RS,
HAx RES [PRABA AT LS pedn T

X =T U [Usex,  Bejp—1(2)] U [Usex,_, Skjp—1(2)]
(2)

b, Skje—1(2)~ By (x) M Ty 23 5o HERI
1295 FHAERIHT A RFS.
M RES (7 RIFE QS KoR:

Zy =A{2zp1, - 7Zk,M(k)} € F(2) (3)

Zi C Zy, Zp Rony R HBAE kN Z0 1) & AR,
Zli = {Zli,lv T 7Zl§,nk}a o Z](;,nk RN, g N
Ji& BARTE kB2 A i f AR

RFS Z, & 7 2%, H b0 A & 15
X H BRI SR H AR S, N (k) A
M (k) 43 MZRoR kW% H AR A%, F(X) f
F(Z2) 5iFEnR X M Z BT RS0 il 4
A BRI A H AR RS0 2R A A

MR K, HAEN RFS ol LUH Fiix A 7%

AN
=N
SRty

| BF O

N
7

Zy = [Uzex, On(2)] U Ky (4)

AFTALGEH) RES, #5% RFS 1E HFRRE ) &
r e X BMTHELe L={qa;:icN}ZRE I
BREMELEMREREXE X X L E, I
HARIPRES (2,0), 29 R BIRAE k N2 R0
& Xy = {(z, 01), -+, (2, L) }, GLMB JEEEH
VESRAN A H AR bR AN R HLE— g, Kk, TR
R IE AN N FREL ARG AT

AX) = { L |LX)| = ||

0, [£(X)]#[X]
Hrp L(X) = {L(z) : x € X} & X IR,
L(z) = £((2,0). RFS X /T A(X) = 1, Fi5s
] L & B oA ).
B2 Z2 A5 ) (0 [ S pR 5 8 TR B2

7['({(%1,51), T (wmgn)}) =
Su(Hlr, - a3 T (1 =) x

cew

()

ﬁ 1a(\1,)(gj)f,,(afl(éj))p(afl(lJ-))(wj)

[ @) ©)

j=1
NI e A R TR A WA
T(X1) = AX D) Laqw) (LX) PO (7)

1.2 BirxEE

XF GLMB 38352, 76 RFS £ H AR o
HU) 73 Mt SRIB AT A A G E AR .

EX 106, i SCme Bt 2 — At v: L —
{0,1--, 12|}, R v (i) = v (i) >0, EWH i =
i, ARE VRN ORI ), Hr AR T TR V()
FoR. RIBEEHR T H bx 55 8 I 2 T8 )8 B K &R,
B: EHbS L =R RN 2,0 € Z, FF3AT B
B HFFRATH 0 kbrid.

R 2 5 H b I R R 0 2 A B 1y, 2
BRI PO/NELE SNl AW

>

veV (L(X))

9(Z1X) = e "Ik [z (50 (8)
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o 1k W2, R A ENE ZE = {25,
Z5 o b SRR S A R R 2 5
LECCOED S :
vy (2,10) = Keew) F(Z5,105) =wiy F(Z5, |05.) + -+
1_pD($7l)v ’U(l):O e e e

1.3 AREEEE (FMM)

A PRV A 455 20 30 i FH Rl IR 25 Al B ATL Y5 2 1)
BWIE Z = {21, , 2,1 f(210) RRIBEH
B, Horh 0 BRIEAGHMNS . BRI E X
REEHEHTHS, M La e € {1,2,--- ,n}
MAEQ%Eﬁée—]ﬁ‘b%T%ﬁ$%j
ST @ AN 2, Tﬁﬁéﬁﬁi/\ﬁﬁtﬂ&nﬁ%
FERE a0 T pros:

f(z10) §jfzm@ez—J P(e;=j|0©) (10)

U HER, ATLAR
f(zi]0) =wi f(zil62) + -+ wm [z ]0m) (11)

H, BEDAHMZHE O = {pw, - ,wm,
O, 0}, {01, 0 } EE!@/MJ\%'EE%E’J?”%%&
W %’Pfu%ﬂﬁlmmﬂi FE W

wj =P(e; =j[0) (12)

A SCARWE I3 AN NI Z) o3 A1, F W T R N 5K
(13) Pro:

A
V(S)

Horp, V(S) Ron AR AT DI, Ao 24 2450
JE.

2 BYRBEWNRFIREREZ

201 HREFERESEE (E-FMM)

HIREA B (FMM) 3 Z e 1) ) 802 e
N HH HE S P R S B HLIE N, A
BENLIR A S8 e R BbsiRERTT 1, 29 & H
FR A2 0% 8 1 BT 1) 22 B AL, A 75 LA ok TR A
(P8, PRk, FMM o] LA 23k 29 e H br 5 4%
W RIR A ENRE. S0P R H bR, $i
=l FERH R mA AT R AR, I
H AL A 5 ANBI P e bs. AN TAL G 1 51,
KA FMM G SRR 24 H AR R 243 [F A7 A4E
(IR0

cr(2p) = (13)

Hor, wp e TRy R HBRISE mg A EE AR
iehlﬁT%n@¢§Mm%ﬁE

TV 224 J BRI 53 A3 S — AN/ el 53 A
LA AT K, 4y C 2y, Zy = Z; U Z3, Zf, *
RS AR, W24 B BRI A A 0T 5L
AN

f(zk,i 1©},) :wk,lU(zk,i Vi )+
wk,ZN(zk,i; K 25 Dk,2)+

6 {ukm s Dy, 3 %JT%E*TE#TUL_
ETEE’JW I 7 ke e i :
(0, 1Z;) x g(Z; |0, )p(©,) (16)

AR A %8 I 2 T i A EL AR, DU AL AR g
HH (17) kRFoR:

Hfzkz’@ H[

Z%N(Zk,i§ Mk,j>Dk,j)] (17)

Jj=2

9(Z; 10;) (Zk,i)+

/E;EP @k_ {wklawkjvﬂkijk]}mk Tﬁ){:éﬁ*ﬂ?%%iﬁ
SIS A, EARAG T A S HUC R A, BT
KA A B

p(©y,) =p(my)p(wy, [my, )p(Dy, [wy, my, ) X
Py, | Dys wyymy,) (18)
;H\:Eija W = {wa?"'wk,mk}a Ky = {/’Lk,la"'

Mk,mk}> Dk = {Dk727' : 'Dk7mk} I3 A K TR TR A AL
AR, WE M EAE. 7 EE. i—PHES p(e,) I
eI A R AKX FrR:

p(©,) = p(wk,l) H [p(wk,j)p(Dk,j)p(:uk,j ‘Dk,j )]
" (19

Hrp
Pt ) = D (o) (20)
p(Dy;) =W (B, 1) (21)
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p(ﬂk,j ‘Dk,j) =N (Nk,j?ﬂk,ja Dk,j) (22)

p(D;§ ;) =W (8;;,1) (23)
D 7R N Dirichlet 4345, W K754 Wishart
494, 8 5 Wishart A0 E I, f,, B8 5 A
J&& H bR B 5E5 .
HFEWH, SR ERmm R A
p(©41Zy) =p(wy |2, )p(Dy, lwy,, Z), ) x
p(py, | Dy, wys Z3,) (24)
P ZEFERE RN B BB By, 19388 Wishart 7)
Ay, P A OGS B0 23 2 R Uik

p(wh'”wmk) :D(al_}_ll?”' 7amk+lmk) (25)

p(D; |D\ D;,w, Z,) =
w (ao =+ lj/MO) ﬂ0+Kj/NO) (26)
Py |\ py, Dyw, Z,) = N (€5, D;) - (27)

$eob, Mo, No, g, iy {ag,++ s, b 80505
B, R AIR R, R, &, K2 RS

),

l] = Zei,j (28)

ij (Zk:;lu‘ijj) .
ei .= ) J Z 2 29
7 f(zkz 1©}) 29)

> €%
G= (30)
J
T
) 21: (zk i 5]) (Zk i E]) €ij

K? = l (31)

e AP HARRMAE R FR R .

i NEE G AN AN, e, 5 VB TR R 5
I, & NS § DAARIGETEE, K7 0k
KEAH.

2.2 ¥ RBE#f GLMB JEiK

22.1 B REHRXKE

&2y BHBEREWNTUMH Z =
{Zg .-, 28,y € F(2) &ow, Wb, 27, &
INER my, N FRRLE kI Z0 P AR R A

Zne =201, 5 26N ) ) (32)

AR S A AT PR AR, R A S A
AT YT H bR S5 R R

Zk - {2k,17 e 72k,nk} (33)

o, 24, 8 b IZIFIE ne AR BRI
MR,

EX 207, 24 H AR — A o,
L_ﬁqynwzwm@%upwmu>a%
WA i = i, S V. FORE YR ARG A,
TAE T AR Vo(I) #5. S EHLE T 8 H s
ISR R R, B FRR 7= AR
2oy € 2, 0EF U BRS04 HARTRATTA 0
KFR.

R B e 0 5 A b R 4 i gy, %
3 LR B R A R A ST

g (Zk:|X) e e_<k,1>k2k Z [¢Zk (’Ue)}X
ve €Ve (L(X))
(34)
Hrp
PD(LZ)Q(ZU&(L)\LI)
. N e [)>0
¢2k (x,l;v.) = k(zve)) ve (1)
L—pp(z,1), v ()=0
(35)

EZINEAERINEL 2 % WSE

o e zX)m)
"XI2) = J gtz X)m(x)0x

Ferp R B BE f SRS R 58 SLATE:

JRCSIEDSERD S R (A
i=0 (¢ Xt

’ «17"'7£n,)€Li

AR B, BN I H As vl = A A 1 — A
s, BAYTRE H AR I A A E e AN
SE 1), BEAEAS[R] I Z56 e AT 0 e A ) 100 21
J& TR —AN 9 HoAw, 3219 & Hbs i — 4l
Ja i B PRV AR I 2 S R S
J&& H br I BT, AR5 ) S R D AR ) S AR
KLY R H ARG GLMB 33 AL 5.

2.2.2 GLMB f&it&%

{fH GLMB JEJH 56 25 R B b AT BRER,
GLMB &3 F 25 His: TSRS, R
HARRE (z,0), HEsgAR M2 pp (2, £), M)
H br AR A 28R A ap(2,0) =1 — pp(z,£),

(36)
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¥ {1

vt GLMB 8IS ULl T 3 5], A
B S 0T 99l
m(X) = AX) ) LX) PO (38)
ceC
AR TS, IR A XLV s IR, FRA
§—GLMB:
(X)=AX) >

(I,§)eF(L)XE

W08 (£(X) ¥

(39)
R H AR RS A o Bk §—GLMB 43 A7,
W24 R H AR R TN 40 s frs:

T (X4) =A(X) Z

(I+,9)€eF(L)xE

81, (L(X1)) 1% (40)

w+(1+7§) X

|

w9 = wp(I, NBWS(I, NL) (41

P (@, 1) = 1, (O (2, 1) + (1 = 1.())pa(z,1)
(42)

<pS('7 l)f('ﬂ? l)7p(§)(,, l)>
ns' (1)

P (1) = (43)

nS(0) = / (s, D f (@l ), pO( D)z (44)

W (L) = WS> 1(L)[g8) WO (45)

ICL

Qg£)<l) = <QS('|Z)7p(£)('7l)> (46)

Horp, BiAAs% I, N B MAERE wg (I N B)
KR, AR ws (1. N L), 48355 HARFIRER
W |0, BAEHRBRERE Pp(-,1), AR
J§ PE(-, 1) 13 RII0AEE HARSE Py (x,1).

R Z HERR e W= (39) Frox, WD
TP, AENED T, TEX 2R AR AR 2 A
HIIATH G5, BIHAGH N2, KT
W7 IEAGBEAS R, ARSCR Gibbs SRFFIEAR 2 X 5
VRSN

(X[Z2)=AX) D> ) e«
(I,§)EF(L)x= 60O

07 (L(X))[p*"]* (47)

AR o AR AT = SRR T, RS e
.

w69 (Z) —
I
0
8o-1({0:1z1y) (1) w!"¥) [77(; )}

I
> > G6-1({0:|zy) (1) wi®) [?7?’0)}
(I,§)eF(L)xE 0O
(48)

p(g) (‘737 l) "/)Z (:L', l; 9)
g (1)

ny” ()= PO (0 vz (,10))  (50)

Yz (x,1;0) =60 (0 (1)) qp (x,1) + (1 =390 (0 (1)) x
Pp (.’L‘, l) g (29(1) |.%', l)
k (200))
FE3RAF H AR RS AL T3l b, B — D
J& HARTEAR.
2.3 ¥ RBRARMET
AICKH Gibbs RAEFIEANTE & T A0 34 1E
W7 28 A& W A AR, R 5 A BIC #E )
KA LA i BT A P FLSE R BE. 9T H bk
TEAR R HIMG [ @A, DA AR e H An i b &
SR N e e W N = I 7 S B v NN
N ) FERARE W R PR:

P& (2,1|2) =

(49)

(51)

B 1. yRHRY I EEDE
1) Mk=1

2) GLMB il i 2

3) Gibbs RS, BIC VA

4) SR H br il

5) AR, By e

6) GLMB g 2

Nk=k+1

Geman 545 3CHR [36] T2 T Gibbs RAFEH
1%, Gibbs KAE 7 EAEREA A& MEAE AR BT
B NE ISR, SR 5 R E A S P ok 4
TN BIERFEAL. Gibbs RFEAT LLIESS E B
Ji RIS HI e o A A5 BRI S AU R S
IIATREAS. ARTCAE Gibbs RAEERIEEA L, 454 -
Wrfs S (BIC) SRPFUY I H bnAT RIS R AN
FCSH A o A A IS RCE. I B2 SORRAE T 1]
R RORIE B 2 (K5 5. BIC #EWE ik

BIC(my, 0y, Z)) =

—2InL(©,,m;|Z,) + MiIn(n,)  (52)
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b, My RIGESEA, InL(O,,my |Z,) %
RBHIE O, FITEEAR my, HIXPEUISR R L.

M, = 3my, + 2 (53)

L(©,,m|Z,) = H f(zk,i’ my) (54)

2 BIC i HBUR/NE, LG5 IEY I H AR o311
NG, my, ERMSECE SRR, — el
PRIk PURSE 5 127 IR R, 977 H AR i) 2 B fil o
i S

{mk,ék} — argming,,, o, BIC (my,0) (55)
¥ RE HbRiR A AR
f(zk,i M, ék) x wy, U (Sk) +

Z me (zk,iv Mk,vm Dk,m) (56)
m=2

FESCHR [37) T BIC #EMIFT Gibbs SKAF (1) i
AR WAt v A AR b, ARSI TR R H bR
(MER IR~ ). Gibbs KA L, BIC PR3 QT
TN

®3% 2. Gibbs & BIC 5k

1) Gibbs KAt

h=0, 15 ~U(S), D; = §=am 1/4

Mh=0n~1I1=20IH,

t=t+1

(W1, W) ~ D@ + 1070, am +101)

M =1 m K,

wl) = Nang; ", D)

eg,hj) = wj “E,hj) /225 w; “E,};‘)

1 = 3,y

€ = %, ez /()

KM =5, (2 — €) (2 — €M) e /1)

DI~ W (I 4+ KM /2,80 + 172

M;h) N N(§§h),D;h))

2) BIC il #: BIC(m,,©,,72,) =
(Or; My, |Z1) +2 My In(ny,)

St {0, 1 D™, BIC(m), 24, }

WL FIRSEE, A RIACE . (A By =R
BIC i, KM ny N R BARSEREREN 2, &
Y e B As s, X B AR TR R F G R & 1
AL, It Gibbs S I HIEA R I My R H
FRIFTEAR.

3 hEZXM

26 VE 3 o B8 GM-GLMB. GM-
CBMeMBer®®) ¥ Fft i€ o 5560 2 37 g H A7 5 H

—2In Lx

FURZS AL TR RE.
3.1 AEKREEER

B BEAE A 22 I DX S A A 4 N R H s
Ei2 8, HAsEH B 207484k, B bR A I 2 1R
i pp = 0.98, 8BNS 0AT, FBERE N, = 30,
FLPIX I S = [~1000,1000] x [—1000,1000] m?,
4 DY REHEWBRE DN Ay = 16, A\eg = 18,
Aes = 20, Mg = 18, ¥ HFRTE 2 4TS H
2 (Constant velocity, CV) izgl), il [a] 24 100 s.
FEANTA] (R ), ASTRD R M0, 4 A9 H bR 40 H AR
FET.. PREHE 1 AR AR A [1 ~ 70]s,
T EAr 2 MAARENTRBCR [1 ~ 100]s, ¥/ H
Fr 3 HUAESE I A B A [20 ~ 80]s, ¥ HAx 4
AETE I MBS [40 ~ 100] s.

H bs PR T RE

Tri1 = G+ Up (57)
Forp OIRASHRE I

1 T 0 0
0O 1 0 O
G = (58)
0O 0 1 T
0 0 0 1
H, T = 1s RRRFERM, 2z, =

[qk,z qk,z qk,y q'k,y]T ﬁ%uﬁéi x %D Y jj I-":TJ J:E(J 'fi
BN
BRI 5 R Ay

Zpt1, = Hxy; +wy; (59)

o, WM H =1 0 0 0;0 0 1 0], %
Mg 756 )5 22y diag{[10;10]} x diag{[10;10]}, i
RN 1 A HBR. 4 AR HARRIRAERE 70k

z; = [800m, —15m/s,800 m, —11 m/s|"
Ty = [800m, —10m/s, —600 m, 5 m/s|*
z3= [—800m, 20 m/s, 400 m, —5m/s|"
z4=[-200m, 15m/s,800 m, —10m/s]*

TEREA PR FE R, R 4 DN R H b2
AT, B2 RoR 4 AN H RIS S L, K
HONEI R 2R 2 3R 4 AN Re BRI 4% B2 30
I, e H b s skl AE /N 3 BB R AR L, IEsh &S
BIBURANEYi P 3 T Tal

i GLMB JEJ 595 CBMeMBer € 572
SRS T2 K 3 FE 4 . GLMB 47
RN BRI T AN E B ME— R 2s, DU RIA
A H bR S bR 28, T A3 2 3 st &4 H

(60)
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2k RE:

1
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Table 1  Performance analysis of algorithms
i GLMB Hik CBMeMBer #.%
| (Fb/22) 1.37 0.05
H RSB v R 2 97.8% 84.6 %

Wi EREATHMEALIE RGN XEB2
{55 R R 2 KT CBMeMBer 5.9, 70 #T )R
R, X &K K GLMB AR H brids i k2%, 2t
ffvH SR 8 BEE W, P Bl GLMB 383 FE i 22
KT CBMeMBer #y%. {H4&, i GLMB &
W, AR ER I AR T B AR ANl v 2 s T
CBMeMBer H.ik.

3.3 HTESRMNIAFRMESRE

S 18 2 H bR AT 18 3 R AE X IE B (1 3 5%,
H AR H I 204840, H bR fl s 0 20 20 pp =
0.98, ZB NS 53 AT, ZPTRIE N, = 20, A4 X 5k
S = [~1000,1000] x [~1000,1000] m?, ifFMk =
Qr = 052 x B x BT. ¥ & HARE 2 4EF s 3
HEZ (CV) 1230, KEE A 100s. 3 1 AN RH
FRIAETT I R [1 ~ 80]s, 55 2 AN H bR A7
BEEIA [1 ~ 100]s, 55 3 /N RE H AR A7 B 1) 24
[1~90]s, 2 4 D4 HARRIAAIE A [1 ~ 100] s.

4 AN H BRI URIRES 7390

z; = [800m, —10m/s, 800 m, —15m/s|™
Ty = [800m, —10m/s, =800 m, 15 m/s|*
z3=[910m, —13m/s,910 m, —16 m/s|*
z4=[910m, —13m/s, 750 m, —16 m/s]*

(61)

Z Y R H ARz s s ]S &l 8 K 9
fs, e AN e B RS IEAH T AT 383, S A
HARis 302 3), B Absiash il s, =M
s Hbrigsh 2 g

K10 AT 11 20 A RoR-TATIZ AT AL X2 8l
5o N HAREPRZ AV, AN 1 AR AN A
P HARIE s A T, 5 — RN R AE © 4l
J7 1) PR ERIERBNE, B AN ERIRAE y BT R B R
ERPUIE. i AT A A T R S AR ) £
YOI A A SR R SR R 08 X A8 X SR P AT 1 5t
N2 HAREEAT AT AR
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