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Square-root Imbedded Cubature Particle PHD Multi-target Tracking Algorithm

XIONG Zhi-Gang® HUANG Shu-Cai' ZHAO Wei' YUAN Zhi-Wei' XU Chen-Yang'

Abstract Considering the low accuracy, filter divergence and other problems of nonlinear multi-target tracking based
on probability hypothesis density (PHD), a new filter named advanced square-root imbedded cubature particle PHD
(ASRICP-PHD) is proposed. ASRICP-PHD divides the whole particle sampling area into several parts of equal probability,
then uses a special rule to obtain particles from each part, and matches the important density function with square-root
imbedded cubature particle filter, and therefore predicts and updates PHD. Simulation shows that ASRICP-PHD is able
to track multiple targets effectively. Moreover, compared with quasi random sampling, the method of particle sampling
based on probability has higher accuracy in terms of multi-target positions and number’s estimations.
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Table 1  Motion parameters initialization
H 4% {2 (m) WE (ms™!)  to(s)  tr(s)
1 (—250, 250) (5,—5) 1 45
2 (—250, —250) (5,5) 1 50
3 (~160, 160) (7,-9) 17 50
4 (—160, —160) 9,7) 27 50

%”EﬁﬂF‘Féﬁi?ﬂi’éﬁﬂ‘bﬂiﬂk%‘ﬁﬂ%%ﬁﬁ
TE XLCEEFENRE {v ), ARRIRE
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X2 Py 401 (of fset = 40m; CV)

Table 2 Analysis of Py (of fset = 40m; CV)
RFET B R AL P FRAL Py
QRS 20 60 0.334
EPS (N = 96) 8 60 0.134
EPS (N = 200) 3 60 0.05
PRS 35 60 0.584
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40 F = |= EPS (W=96)
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Fig.3 Comparison of number estimation
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Fig.4 Comparison of OSPA (¢ = 0.1, A\ = 5; CV)



244 H 3l 1k

i 43 %

4l

—C— QRS
— —PRS
EPS (N=96)

St /s

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

0 10 20 30 40 50
t/s

E 5 BPBBATEA I (¢ = 0.1, A = 5;CV)
Fig.5 Comparison of step time (¢ = 0.1, \x, = 5; CV)

4.0

3.5

3.0

Tn

25

—— PRS
— EPS (W=160)
—— EPS (N=200)
1.0 L 1 1 1 1 1 1 1 1

0 10 20 30 40 50
tls

Bl 6 HAREH M (¢ =1, A = 5, CV)
Fig.6 Comparison of number estimation
(g=1,2 =5;CV)

160 : —=— QRS
140 —y— PRS
B —o— EPS (N=160)
120 [ —— EPS (N=200)
gloof
SEEAN
= 80|
s L
60 |
40
20 5 Lo
0 B 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50

t/s
B 7 OSPA W (¢ =1,  =5;CV)
Fig.7 Comparison of OSPA (¢ =1, A\ = 5;CV)

EPS K78 S g U Y, 2 WIAE DR Bk R 1Y BT
feF, e/ EPS K% PHD Skt s Ui aERT
LS SR I E

35

3.0

2.5

2.0

St /s

1.5

1.0

—— PRS
—/—EPS (N=160)
—O—EPS (N=200)

0.5

0.0 L 1 L 1 L 1 1 1 1

0 10 20 30 40 50

K8 HLIa T E] HLAL (¢ = 1, A = 5;CV)
Fig.8 Comparison of step time (¢ = 1, A, = 5; CV)
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Table 3  Analysis of Py (of fset = 100m; CT)

KRR RIBREL IR/ Py
ASRICP-PHD 17 60 0.28
ASRCP-PHD 32 60 0.502
HSRUP-PHD 50 60 0.83
SRGHP-PHD 55 60 0.916

40F  — SRGHP-PHD e
I —/=— ASRICP-PHD P 2w
35F  —o— HSRUP-PHD RS EES
50— ASRCPPHD \
t SARSE xa
251
= 2.0 _é£
15
10F
05
L
0.0
0
K9 BREEMT & (¢ =3, = 10;CT)
Fig.9 Comparison of number estimation
(g =3,  =10;CT)
250

——ASRICP-PHD
|l —o— HSRUP-PHD
—/— ASRCP-PHD

150 |-

OSPA /m
>
IS
T

nEEE,
A TADANANAAD  IODRA
Nk

50

FA

E
/
MK 5A7

K10 OSPA [ (¢ = 3, Ak = 10;CT)
Fig.10 Comparison of OSPA (¢ = 3, A\, = 10; CT)

B EPS T QRS, J5& i T ER T 5501
ML Foh 7 Ios. Xz, ASRICP-PHD ]
XTGP b se PR 2 H bR R ER. X b ASRICP-PHD
5 ASRCP-PHD £55, Wi OSPA #1228/, A
AR T, ZBMENFL > S mZE RN, DR IR Besk
BT, FRIHTEARYERE R, AUKEE I A AR AEN I
ANBEAR fF % PHD Bk PERE. SR, XT L Py
{i, W% ASRICP-PHD % f¢ I F ASRCP-PHD.

| == SRGHP-PHD -
‘Tj et/ HSRUP-PHD
—O=— ASRCP-PHD
= ASRICP-PHD

~

t/s

11 BB astr iR S (¢ = 3, A = 10; CT)
Fig.11 Comparison of step time (¢ = 3, Ay = 10; CT)

4.5
- —— ASRICP-PHD

40 s = ASRUP-PHD
B —O— ASRGHP-PHD

357 —+— ASRCP-PHD

30F SIS

251

iS B A K o ~

20 .6&3;5&@%{}&} :M HOCLOOG
B ) \\'\m

1.5 \ ] iR

Lok oSee)

0.5+

0.0 [ 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50

t/s

K12 EEREHE AT (¢ = 3, A = 10;CT)
Fig.12 Comparison of number estimation
(g =3, X = 10;CT)

80

60
40
20

200
C —o— ASRGHP-PHD
180 —=— ASRCP-PHD
- —o— ASRICP-PHD
160 —— ASRUP-PHD
1401 Ec
£ 120
= 100[
e VL
S ook
[

ke
§ T500E00820030050300
1 1 1

0 10 20 30 40 50
t/s

K 13 OSPA g (¢ = 3, \x = 10; CT)
Fig.13 Comparison of OSPA (¢ = 3, A\ = 10; CT)

L Lo Mrn] A, S1XE4EIT S HARERES, ASRICP-
PHD Sk RERS 3R ) HARIRS AT AR, SRR
FEF-BOT s PHD BAMERE, A R RS 75



246 H | (4 ¥ i 43 %
SRT7 Efé‘@ﬁﬁ&“*ﬁ?ﬁ%ﬁ%{f&i@ﬁﬁ%ﬁ Systems Engineering and Electronics, 2013, 35(3): 457—462
(W&, ML, Q. miekeeh 7 PHD #3hilfh £ B i

35 WYL, RETRESHE TR, 2013, 35(3): 457—462)

o ASRUP-PHD
/= ASRICP-PHD /¢,
- = = ASRCP-PHD
—=— ASRGHP-PHD

30F

25F

20k

St/s

1.5
L ” P gy
1.0H

0.5 H

0.0 1 1 1 1 1 ] 1 ] 1
0
tls
K14 HAEfrE R R (¢ = 3, Ak = 10; CT)
Fig.14 Comparison of step time (¢ = 3, Ay, = 10; CT)

4 25

Flxd I ik % HBRBR B4Rt T ASRICP-PHD
PvE BEESIAT A A BURL T b v
% H AR50 PHD BE7(it, v T 2B0RL T
PHD “Ki T8 th” 00178, 76— @ R L3R ws T
PHD JEVAIREEE. 70, 60 5t HL R BRI
BEHLREERIR 2, $2h T 2SR, (7R
E R T 700 7 A RS 25, LA g
WEFRA AR, WA T ASRICP-PHD 331
Wi, JFAEY] T ASRICP-PHD 3 16 (ot [
BRI, 17 DAL W/ 75 W (e T . I
SEAkSET PHD 847 SR IE, DA AR b 3
SR, SRR R, HEATITLR B
S IR LA BRI 2 1 T 2 B AR A,
DA 55 49 47 B A

References

1 Li B, Pang F W. Improved probability hypothesis density
filter for multitarget tracking. Nonlinear Dynamics, 2014,
76(1): 367—376

2 Zhan Rong-Hui, Liu Sheng-Qi, Ou Jian-Ping, Zhang Jun.
Improved multitarget track before detect algorithm using
the sequential Monte Carlo probability hypothesis density
filter. Journal of Electronics & Information Technology,
2014, 36(11): 2593—2599
(RN, X REJE, B, K2, BT 5 R R s g
W2 EARR N AT BR BR G S, TS5 B AE R, 2014, 36(11):
2593—2599)

3 Xu L L, Okten G. High-performance financial simulation
using randomized quasi-Monte Carlo methods. Quantitative
Finance, 2015, 15(8): 1425—1436

4 Guo D, Wang X D. Quasi-Monte Carlo filtering in nonlinear
dynamic systems. IEEE Transactions on Signal Processing,
2006, 54(6): 2087—2098

5 Yang Jin-Long, Ji Hong-Bin, Liu Jin-Mang. Gauss-Hermite
particle PHD filter for bearings-only multi-target tracking.

6 Wang Hua-Jian, Jing Zhan-Rong. Probability hypothesis
density filter based on cubature rule and its application to
multi-target tracking. Transactions of Beijing Institute of
Technology, 2014, 34(12): 1304—1309
(FAES, st BT ARSI RS R BE IR B Sk Lt
TRF24R, 2014, 34(12): 1304—1309)

7 Zhan Rong-Hui, Zhang Jun. Nonlinear Filtering Theory
with Target Tracking Application. Beijing: National Defend
Industry Press, 2013.

(A7, SR, AR MBS H bRERER R . Jbnt: By Tl
JiAt, 2013.)

8 Zhang X C. Cubature information filters using high-degree
and embedded cubature rules. Circuits, Systems, and Signal
Processing, 2014, 33(6): 1799—1818

9 Lian Feng, Han Chong-Zhao, Li Chen. Multiple-model GM-
CBMeMBer filter and track continuity. Acta Automatica
Sinica, 2014, 40(2): 336—347
(I, 852208, 4. ZHM GM-CBMeMBer %45 K il %
. HEMbaER, 2014, 40(2): 336—347)

10 Li Cui-Yun, Jiang Zhou, Ji Hong-Bin, Cao Xiao-Nan. GMP-
PHD filter based on quasi-Monte Carlo in unknown clutter.
Control and Decision, 2014, 29(11): 1997—2001
(B3R, 1%, WLLts, Wl . BT SR R 2 iR ki GMP-
PHD g%, Febl 5es, 2014, 29(11): 1997—2001)

11 Mahler R P S. Multitarget Bayes filtering via first-order
multitarget moments. IEEE Transactions on Aerospace and
Electronic Systems, 2003, 39(4): 1152—1178

12 Wang Y, Meng H D, Liu Y M, Wang X Q. Collaborative
penalized Gaussian mixture PHD tracker for close target
tracking. Signal Processing, 2014, 102: 1-15

13 Zhang Xin-Chun, Guo Cheng-Jun. Square-root imbedded
cubature Kalman filtering. Control Theory & Applications,
2013, 30(9): 1116—1121
(K&F, WAE. HHRIRAXSTRK IR HHPIE 5N,
2013, 30(9): 1116—1121)

14 Wang X, Hickernell F J. Randomized Halton sequences.
Mathematical and Computer Modelling, 2000, 32(7—8):
887—899

15 Grewal M S, Andrew A P. Kalman Filtering: Theory and
Practice Using MATLAB. Hoboken, N.J.: John Wiley &
Sons, 2008.

16 Yang Feng, Wang Yong-Qi, Liang Yan, Pan Quan. A survey
of PHD filter based multi-target tracking. Acta Automatica
Sinica, 2013, 39(11): 1944—1956
(B, EGF, RE, Wat. BT R IR B A2 BRI
EERAREEA. B kAR, 2013, 39(11): 1944—1956)

BEASRI 23 5 AR R 27 By 23 S 32 B
T 2016 AF3RAG 28 4 AR RS
bfA L. BT W 2 KA H AR
BRER. A SRS

E-mail: xiongzgzm@163.com
(XIONG Zhi-Gang Ph.D. candi-
date at the Air and Missile Defense Col-
lege, Air Force Engineering University.
He received his master degree from Air Force Engineering
University in 2016. His main research interest is aerospace
cooperative target tracking. Corresponding author of this

paper.)



24 BG4 B R A A RURL T PHD £ HARRER 5% 247

EUS PN SR i e
2. 2005 AR5 a8 5 TRER 27
BRI Ty )Ry S K ) H AR R R S
Bl

E-mail: hsc67118@126.com
(HUANG Shu-Cai Professor at the
Air and Missile Defense College, Air
Force Engineering University. He re-
ceived his Ph.D. degree from Air Force Engineering Uni-

versity in 2005. His research interest covers aerospace

cooperative target tracking and interception cueing.)

B TR 2R bt
LAFFEAE. 2014 AFPRAGAS 2 AR A
hEEfn EROET A RGE, Hix
BREFSAS .

E-mail: shnxshdny@163.com

(ZHAO Wei Ph.D. candidate at the
Air and Missile Defense College, Air
Force Engineering University. He re-
ceived his master degree from Air Force Engineering Uni-

versity in 2014. His research interest covers system model-
ing and simulation, target tracking and detection.)

E = T RN ke i e R )
LHFFEAE. 2014 A RE BT R A22
e AN 56 -2 0/ S LI S EA R N E R ool
SIRER, RGHER.

E-mail: YuanzhiweiSachiel@163.com
(YUAN Zhi-Wei  Master student at
the Air and Missile Defense College, Air
Force Engineering University. He re-
ceived his bachelor degree from Changchun University of
Science and Technology in 2014. His research interest cov-
ers infrared target tracking and detection, and system iden-
tification.)

BRF B TRRER 2 F Pt
BT 2016 ARG A8 2 TR
LEAL E BT AR S
SiiE.

E-mail: 15686057693@163.com

(XU Chen-Yang Ph.D. candidate
at the Air and Missile Defense College,
Air Force Engineering University. He
received his master degree from Air Force Engineering Uni-
versity in 2016. His research interest covers interception
system modeling and simulation.)



