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Group targets tracking algorithm by combination of fuzzy clustering
and Quasi-Monte Carlo resampling method

LI Zhen-xing', LIU Jin-mang, LI Chao, BAI Dong-ying, GUO Xiang-ke
(Air and Missile Defense College, Air Force Engineering University, Xi’an Shaanxi 710051, China)

Abstract: Joint probabilistic data association-particle filter (JPDA-PF) algorithm was always used to solve the data
association and nonlinear filtering problem. Aiming at the high computational complexity in data association and the sample
impoverishment problem in resampling step, an improved algorithm by combination of fuzzy clustering and Quasi-Monte
Carlo resampling method was proposed for group targets tracking in this paper. First, based on the group evolving network
model, the maximum entropy fuzzy clustering was used to achieve the data association between group individual targets
and measurements, and the association probability matrix was constructed by the fuzzy membership degree. Then, the
randomized Quasi-Monte Carlo points were transformed into some independent sub-spaces of planned duplicate particles
to improve the diversity of samples and prevent the occurrence of sample impoverishment. The computer simulations
showed that compared the JPDA-PF algorithm, our proposed algorithm can estimate group targets state and group structure

effectively, and obtain the better estimation performance.
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FAERE. HIR, 18 B PR RERL T R T, FIH]
BEHLIL QM3 s 2 R HIREAS 725 18] L, B2
A AR s ) R 7 LS 45 R E T AU
ARHE.

2 BEWEEAL P 2% AR (Group evolving network

models)

BN B AR BRI B v, - -+, uw ), 00 B
F HERRPRE M T 2, E(i,7) = (vi,v;) RACE TR
sl [A] 1) 56 2R Bk, BEGS M AT AR R AG =
({v1, - ,on}, E). SCER[S515R HR A 55 ERER RS )l E
W), 38 3 SRAN R E A ] B PR 0 R FY S PR
KA T F— 8. Bk, v UUHG, ={g,
o G PRI R BE B AR 4% 45 1, Hohg R
BN TR, nc AGA TR B, B E P ZE
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2.1  FRRRIGHEEEY (Group initialization model)
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2.2 JUREEFERI(Edge updating model)
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FEFTE N,
2.3 0 A FHEY (Node incorporation model)

58, T EHT T A vnen Fl0] ) ) B B BE B L, .
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TR vnen Fg; W BAREAT LR, 5, FIX A7
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2.4  To A VHBREEY (Node suppression model)
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3 FFHFERERHEEGroup targets tracking algo-
rithm)

3.1 J5ER M % B LR (Posterior probability den-
sity model)
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P( X1, Gio1] 21y 1)d X, 1dGy (3

(G| Xy, Gy )72 58277 B 3 8 7 ok vt
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- ne ) WEHT, B4
p(z| X, Gy) = p(2z:| Xy, G, GY) =
L p(EHXE). O
3.2 MEEESEEAIIEEE (Dynamic model
and observation model of individual target)
1) BEAME E FRiash .
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A H br s 3 i SLEEAT AR, AR 4P Y, 5B

i(i=1,2, -, N)NBARRPRESEF TFER
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t,1
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n AR EOTRIER, B2 = h(2l?), N, Rrek:
TRH

3.3 BRSO 3 R B X B (Maximum entropy

fuzzy clustering data association)
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N
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j=1li=1
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3.4 QMCEXRHFEE(QMC resampling step)

QMC 7 vAEI 1438 3o A= il I 22 5 1 Al o2 7
%|(4nHalton/3 F1151), MM B8 LEMCSR AR 7= A2 1) £4 Bl
WU FECAT 75 58 3443, DRI vl DA e SR A A 1) o
= N T BRI &, A SRR S R E
WL HF25 18] 3 A R BEN AL QMC /7371, SRARE AL S
HEBEEHBERTHRAE. EREEDRE:

P11  HEFEANESIEE. BN RE
N, BRI ZIREA )N S AR fu Y
B AR FIHE (0D

B2 HRTRE T2, WS H U A MOR
HEWFERES, FEARBNN,, s ARIRERES,
KEAN,, WIN, = Ni+No. SHEARRLER A, SE
BHIREARRS; = {xs, wi,n }iy, n R HIEE .
Bl Pha; iz, #93E Ny A d4E 725 ) { [z, — 0.54,
x; + 0.5A1 N, Hrp AR TR AR, AR L
1 AR DL FR SEBR I 208 Bk 23 A R

S AEREIESE. £ SR, ¥
SRR TE {w; (j) = Uni} )L, BEERK
B hn, — 1 FEHLALQMC 5 £, ¥ s E R T
z ¥ R, BB 2 (7)Y A TR T AR
bn*}ﬁﬁﬁ'—?ﬁ&ﬁ%ﬁ—ﬁ, Fai(n) =n; x x; —

z @, (7). AN, TERFL BB TR ARRKF5I
]ﬁ SKFHEX Halton 3 51).

B T — IR B SEE H 3R RN X TR B AR
K- AR R BT ELgh 5. NGE Rl 41, A
NHRIERS R R AN E SRR &, A BIRT
KBS . X & H T 4 3 PF-MEF-QMCH 1= 78 4
RFEATE B 5 AR AT BRI R AR R A IR AL, T
PAT QMCRAFE LS HIFE A Al vt 1 HE IR T SCHR [S1%
FEIFRAEPFELYE, Al IR AR E R 1R
BRAEARE. MER BRI G MIEASET RN
HILRE, — BERSMTHREDR K, 2B/ EAER
F & FEE LR Z) BV FARE IS, 1K
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Fig. 1 Results comparison of average effective sample size

3.5 AHEEHFE(Proposed algorithm process)

o FEBE S M 0B S 1 SRR ANB s HEAG TH40- 3l i
HRMEE, 0 APF-MEF-QMC I#IPF-MEF-QMC2.
HH, PEEMEF-QMCI BTG, = f(G,_1, X, ) KHE
B BESE M), T PF-MEF-QMC2E 5 2 ¥ G A5 h B %
RER—H 5, BT BRE (X, G,), BRI HEEH
PRI E RARRL T A5 1 B AR Bk Al vF i AH
I PRI ), RO T A R AR A A 5 A4 HE IR PR Ak
K. N HES I PR EEA T -

1) FTPF-MEF-QMC I BRI

AP BN R, B 2044 H br 1 s
BN, REERREFECAN,. £S5 BN, B4, LT
B R B RIEAT IS TR 5T, 554 H PRSI AR
1 9 B 2 2 RR B, 7R D W, S 4k R (SR
MEF-JPDA ST ERLFAE, H P MEF-JPDAR %
BB R, ARG, WAERATIH— L Ab B, B 1%
BB RIS R X e R34 A4
FRA T B RR X G, B B3N, PUTQMCE R

k1 FETPE-MEF-QMCI REER R ELE.

N Gy, {Xt(f%, w'®) Mz

BB B, NEEEM g, (X2 X35,
Zo:t71)EPTEHEXﬁ2|§Xf“(L).

FT®2 FHHD.

1) FEARE T B 0)FN BRI % E
M, 335 % B (5 MIMEF-JPDA 8. 1= 5K 1 8 AL A AL
&, FRERATIH— 1

2) HARREAL TF: AR S AR A FIAE Al
Wi =1, N), FBREEHX, = {2,V

3) EHBMLHM: G, = f(Gi1, X,).

B3 EXRFE BUTQMCEXRFEDE.

i X, (X, wP e Gy
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#H: 2 MEF-JPDASE.

B REE RERAD—-15), HEREE
Hjis ﬁ*mmflZ%ﬁ*ﬁ?ﬁ@ﬂiuﬂﬂﬁ?‘.}ﬁﬁ,

B2 KIAERE. 4B (16)—(18), R HIFK
BRAEREY = {v;: ), IO E VAL 2

PR3 #ZM%E'

oL = EO Bu oz =), A o™ =

wih ;- Lo WHBEAREE. Hh, HiR 5 RIL%
S B, FI iy R0

2) T PF-MEF-QMC2 B ERER .

ZEP A R AR B H AR B A SRR T, JF
P52 2 B 4 M I LA b 5 Ok R PR, R F F
TR A KL LT 58 BUE 45 10 ISR RE, B S5 M SR
MEBEEEERHQGIXS,, GY) = (G X,
G, ). 7EXHMEF-JPDAREVHH R A E G, J6F)
FX P Fw v B AR X, TR B MR A
G FIF L AL EE, A VB 4 M IR G
peatrs. Horh: NofREBE WL, G, ARFH %]
SIRBELE, p KRG, BN,

i3 HETPE-MEF-QMC2RIBEIR iR B

BN G X, w0 2

BB FIE. B g, X XY,
Zo—1 ) PHIEREA XD NEERASEQ G, XY,
G\")) I B IR A G

S®2 EHL.

1) FEAREE. #RA0HN B AE S E
M, 42 25 452 B 2X(5) FIMEF-JPDA S 1 3k 1 B RE A AL
, FEHERATIH

2) HFRRAMF. R AR SRR A A E AL
i =1,---, N), FREBIX, = (&)Y

3) TEHRELE . FIFIRE MR A G Rt
B, AN R BREE I FOMER.

SB,3 ERFE PATQMCERHDRE.

it X, (X0 w30 (G p s
4 {HELEE (Simulation results)
4.1 1 E 3 5t B 45 #9 ¥ 11 (Simulation scenario

and group structure design)
ZHOCIRSIT B R, Bt T — D 4ERE H AR
XAz s ER 5, o — LRSS T 1, B4
TREAGITEPA B 5. BB HIRBESHELIE
B, FIEIRE A
xy = (15 km, —0.21 km/s, 4.9 km, 0.21 km/s),
xp = (15 km, —0.21 km/s, 4.8 km, 0.21 km/s),
zp = (15 km, —0.22 km/s, 9.1 km, —0.2 km/s),

xg = (15 km, —0.22 km/s, 9.2 km, —0.2 km/s).

BRI A40 s, BUEZEEURMNSEO = 20031
FA43AT, "EATTAE LA B A 2 T A A Hh o FRIAER DX 3%
NI 43A . AR AL B [0 m, 0 m], 2R Al
iR %o, = 60 m, WAiRZEcy = 0.01 rad, BMAER
HP; = 0.98, ITEE Py = 0.9997, £ = 16, # &n =
0.01. KI5 FREH S IR B T TR S e position = 200 m
TEPE TR A Evelocity = 20 m/s, 45 FREFRORI 2> BEI
[TBRE! .. =4€position ACBE T i K372 H AT i
HIL 4RSS, BRI 1R,
&1 BRLEM) B E

Table 1 Matching base of group structure

BEEHREI TRESENIRI 5
1 g1 :{1,2},92:{3,4}
2 g1 ={1},92 = {2}, 93 = {3,4}
3 g1 =1{1,2}, go = {3}, g3 = {4}
4 g1 = {1}, 92 = {2}, 93 = {3}, g4 = {4}

4.2 iEZ R 3P (Simulation results analysis)

R ATR I EE SR, Wil 50 KRR P E
SR, AR RS R E2—6 &R, HAEL,
12 43 7l 45 H LT 4k 3008, A< SCHK P A PE-MEF-
QMCHIEANSTHR[S] IPF-TPDA S35 [ Avr. B AT B Ay
T T R Z M (root mean square error, RMSE) b
B, R8s B T 3R ERER AL TR REX B NG R AT
40, P M PF-MEF-QMCH. 72 1y B 5 P g B4R T 3¢
BRISIEE, BATIRH BRI B 1 P33 iR 22, DA
FAtiv e R TG R 22 HR A T SR (51500,

Blazs T 422 BURM S HO = 20078 %A 73 A
I, 3 VR AE AN [RRL 1 BT X B AR AL B A FE )
PRI IT R ZERT EL. DT L5 SR T 4, B R T4
B, 3Fh BN H AR B E B B Al TR B R AE B
P im, TR HO B — e R, SR AL TR
FEZ W TP A, 3% S0VEAH B[R] X% B W] 0, PP
MEF-QMCH. A4 TR B 25 T PF-JPDA S
90
80
70
60
50
40
30
20| g
10
00 5 10 15 20 25 30 35 40

t/s

—— PF-JPDA -4-PF-MEF-QMCl1
.- PF-MEF-QMC2

2 ArEfETHS TR E
Fig. 2 RMSE of position estimation

br EAGTH AR IR 2E / m
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= HHHG DTG K, 1K B TR AE TR EAL VR E
£ PR B AEAN IR S SRATRL 7 RO R S ) B0 I 5 A R .
Y K645 i T PF-MEF-QMC25 1A T A BE L5 40, I
% AT, SRR BRI HAG T H & R S5 AL H R AR AR
g R, T BEBE IR A 387 A5 K N 7ERR AL 3.
=
= 22 RAATHAI00 60 Sk A L4
® 0 5 10 15 20 25 30 35 a0 Table 2 Comparison of the three algorithms with 300

i/s particles
——PF-JPDA -4-PF-MEF-QMC1

-~-o0-PF-MEF-QMC2
B 3 AT EITIRIRE
Fig. 3 RMSE of velocity estimation

70 T T T T

- PF-JPDA .
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6518
60 1
551
50

45

R EAG T TR ZE / m

40 1 1 1 1
0 100 200 300 400 500

SRR 4
(@) BT8R 2

Tm g
é m T T T T
= 7% —o—PF-JPDA il
ﬁjg 6L -a-PF-MEF-QMCI
2 | ~-a-PF-MEF-QMC?2 |
3
=
N
B o3p RRRRES S P
_% T s Homoeom. -t
= 2F A A
£

1 1 1 1 1
% 0 100 200 300 400 500

REEHTH
(b) TR H T AR

B4 ANFEREERL T HI S5 R R

Fig. 4 Results comparison with different number of particles

A SCIER LI PCHLF & &23.10 GHz Inter(R)
Core(TM) i3—2100, RAM 2.00 GB, MATLAB
(R2010b). EI5%5 i T3MEEEA R B R+ T B
S35 B YRGB AT I ) % L, A5 SR H AT 40, PE-MEF-
QMCIH 2 P 3 R IB AT I (R e >, BB R BT
T2 B P R B KA AROR 2R R 15 B I B SR s
KB EH KRB, 18m T HIEMEH AR,
PF-MEF-QMC253% [~ 34 B s 47 i 18] i 56 6L 1

R B8 BT (B VEAE E IR

A RMSE/ RMSE/  BRE/ RZE/
m (m-s_l) m (m-s_l)
CHRIS17 46.61 3.56 84.97 5.21
AL 43.97 2.27 75.27 3.74
ARIXHE2 4374 2.39 74.09 3.36
14 T T T T
12+ —— PF_JPDA N
m -a-PF-MEF-QMCI e
= O w-PP-MEF-QMC2 & ]
Z 08f .
ﬁ@ 0.6 ‘
§ 0.4
0.2
0.0

0 100 2(I)0 3(I)0 4(I)0 500
AR5
IS ANFIRFERL T HCT 35 B s T )

Fig. 5 Computation time for per scan with different number

of particles
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Fig. 6 Occurrence probability estimation of group structure

5 45 (Conclusions)
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