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An Improved GM-C-CPHD Algorithm for Spatial Multi-Target Tracking

XIE Beixu, ZHANG Yan, CHEN Jintao, ZHANG Renli
(School of Aeronautics and Astronautics, Sun Yat-Sen University, Shenzhen 518060, Guangdong, China)

Abstract: With the rapid increase in the number of spatial targets, it is necessary to improve the accuracy of spatial multi-
target tracking (MTT).However, the existing orbital dynamics model for MTT is imperfect. To solve this problem, an
improved Gaussian-mixture considering cardinalized probability hypothesis density (GM-C-CPHD) algorithm is proposed.
By considering an uncertain model parameter, i.e., the area-to-mass ratio (AMR) , in the orbital dynamics model, the influence
of the AMR parameter on the estimation of position and velocity vector is considered based on covariance , with which the
tracking accuracy of spatial targets is improved. The simulation results demonstrate that the performance of the target number
and state estimation is improved compared with the Gaussian-mixture cardinalized probability hypothesis density (GM-
CPHD) filter, which shows that the proposed algorithm has a good application prospect.

Key words: spatial multi-target tracking; Gaussian mixture; cardinalized probability hypothesis density (CPHD)

filter; uncertain parameter; area-to-mass ratio (AMR)

0 Bl =& $& 5 42 T RE A AR Al 1R 5 5L, O 0 b R A T AR

=1

B AR B AR BT HE S K2 R TS Sham iy AR R AR I R A

T, 0 % Gt 0 R R 48 S TG £ | (A5 5 b 2 A% % H #5 BR 1% (Multi-Target Tracking, MTT) ™"
WA 5 TR B, 2 (A i AR R A e A R A R A R I A S T e (A R B
BRI WG 2 0 TR R RS ME T E Ay AT KN B AR B FR S . MTT 83k £
B B A (R R, A DA A A I 6 it - B3 Ry B O I RN Al R G BR 2 28, An BT 5 BRI 4%
IV R R 5 N B AR L RN 3 R L DA (Graph Convolutional Network, GCN) |5t A i 2 £

K F bR MR it A X E b H AR AT & 5 X (Joint Probabilistic Data Association, JPDA)
RN g R R 4 A IO T ) 6 S AR L DA N2 A5 B R (Multi-hypothesis Tracking, MHT ) J&

Y f8 HH#3:2022-10-31; & E B #§:2023-03-13

E LT R 25 170 2 #0856 mik 296 5 0 F 4% AR BIF 22350 B (76150 42100003)

PEZ B A i VR (1995—) , 5 8+, T E 575 10 0 2 HARBRES

BEMEE K H(1975—) , L& U Wi, R T7 10 23 1) H AR 700 5 SO H AR 20 Bl A b B R



AR (R e 30)

90 AEROSPACE SHANGHAT (CHINESE &. ENGLISH)

o541 % 2024 AR5 1

FEF BRI R MTT B35 5 58 58 Lt ) 1) 43
Bt A6 B8, B b AT B ARARZS AR T RSO S B
e, R E LA B 4E (Random Finite Set, RFS) A9 HE
TR BEAT , Qn A S MR %% BE (Probability Hypothesis
Density, PHD) il # 4 % i % % ¥ (Cardinalized
Probability Hypothesis Density, CPHD) & 3% & 1 ,
Al DLk G R i SR OF B AT 2 H AR RS
W BEGW TR NE R

R.MAHLER M DU 18 i A7 FRAE HLIE %
P 0 PHD gL Bk N 2 BARE 56 T Birie
R, AN SRR R J5 S ME 2 85 B . BififS L3Rt CPHD
UE B VIR G AL 12 2 HARME R B T B 3 U &
H AR 334, ik — 20 3 i R Bk B2 o (B SC 8L PHD
CPHD B35 776 B4 1 TR XE 5 VO 28278 B3k il | 5K
BT m R A B 2 PHD & CPHD U8 53, B A
TIBSMERE IR e B s N . A 2 B R
R B ) AL 11 2 M i 2 — S B 4 Bl 1 5 R 1938 )
AR, 5 HA AT 2SS S EURAAA
THMEBE 0 A, TS BOR 5 B A 1 52 AN B 2, 2
BORBIRCRAR 22 BRERMERRAR 227 0 Ol T 4 R 0 A )
H b5 19 B 25 V5 B, MCCABE Il DEMARS % %2V 4fi
TR0 N E T S RO i R A R R R
J (Gaussian-mixture Cardinalized Probability Hy-
pothesis Density , GM-C-PHD ) € % #% ; YANG %52 7¢
TCl R R 2R AE L N HE S T 2% A 5 b (Area-to-
Mass Ratio, AMR) A 7 P 2 41 ( Gaussian-mixture
Considering Probability Hypothesis Density, GM-C-
PHD ) #) U8 4% , 7623 0] BR BR 3R 355 h il . CPHD 3%
W A R A% 328 22 HARRE A B2 i 1 B R AR LA K B
i B 33 A, R BR R B B, R X H AR B H Y
fliit, iR 22/ F PHD.

B XoF 25 18] H A R R AR R B a1 TR) A, AR S
P W — R 2% j& 1 & FE (Area-to-Mass Ratio, AMR)
A 5E M2 £ (Gaussian-mixture Considering Cardi-
nalized Probability Hypothesis Density, GM-C-
CPHD) W53k o B LR JUIE 3 1 2 R vh 2% R
T AN E 28 AMR, 78 T8 R /K 2 8 9% (Unscent-
ed Kalman Filter, UKF ) Ji§ U € 22 T 3@ i b o 2 1%
i 19 7 A% 3 S5 AMR XA B L R A AL TR
S, LA O U 55 R T AN A P S R R L R H
b B ER K- o 05 B4 B R B, AR AT 5Ok 1 GM-

CPHD U #% , H AR A B ER 1 REA BT el %

1 Bt 8y GM-C-CPHD & % %

CPHD I 3% #% 78 155 b A7 16 LAY IR e, 7 3l 5
o TR S T8 20K 3 0 3 R R B B R R I B
A3 A bR B AT 5 30 A 0 A Ak PR BT AT RGBS FR
PRI X f [m) 0, A1 1 5 87 5 40 B AN i o M S 8
AMR Xf 25 [8] H b £ 2l 7 85 B 1) 52 i, Bl s 4 s —
Tl 2% & 1 E P S 8 AMR 9 GM-C-CPHD 3§ %
i, IR MR W LA S AR

11 AMREEZHAMFMXZR
TE OB AL bR R R, 28 8] H bR Y 4% sl ) AR TR
LR

r
f+%7:aar}v+adrag+a(")_’_an_'_aj) (1)
ror

KPR A ) H AR R B R R, m AL E R R
HIE  m/s s @, MK BE ,m/s”; g RS
RH 7 M EE , m/s®; ae 0 KPS T3 N BE, m/s*; ay
F A BRG I MEE  m/s s a,, Ry LRSI NBE ,m/s”,

55 AMR 2 80 56 (143 R A0BH 77 48 3l K BH 6
JE45 30, A T % g AMR 3 800t K BH % IR 4% 3
TIH R o HS & R R K AE

2
S .8 — e
aarh_CrP( fee ) ‘ 4 T (2)

o\ lr=ro ) = ro]

A S m MR L s re A KBHEIAL B R, m; C.
JG £ 44 BT 25005 P oAy b BR 2 TR AL (906 H SR 5 e
hHL H O P

1.2 REWIHEEHE

AR TR A W S IE K I 7E UKF 38
HEE B 2 350 AE 238 9 . o BK B B AT pR B, LA I IR £
TERRGE . HARRPIRS B A= Iy fanh .

. =f(x; 1)t wnw,~N(z,;0,Q)  (3)

zi=g(xp )t v, v, ~N(z245 0, R;) (4)

o (o) Fl g (o) M AE R BRI B w, BT o, 2958 1 3
MBS e hmR S8, W c=Sm;x.. hH &
AMR Z 3G RS R 2o W 2R 1o

x, Mz aNF

xk,C:[I,y,z,i,y,z’,cT (5)

a=[AEAE] (6)



541 % 2024 4R 1

WL, %5 . —Fh 2 9 GM-C-CPHD 25 [i] £ H 5 1 B 55 12 91

AL E S50 05 0 AN A rad s A, E 5331k
WG B A3 B rad /sy oz 43 1A DLW it Ay JEE A5
B =425 (B AR AR s, v, 24300 R B B m /s o

1.3 BHREAXIALK

1) #ithfe

TEARLRAE IR ER RGP, 0 1 AR50 L, A
FH s 3 AL 5 R I e 5 RE R A4 I v 3 2
AT W I A X BB BE D m BT

Z NP IR EIC N N (o m, P). KRBT
Z0 8 A B bR 0 i R pRBUR R TR AR A
'UBk sziN XLes 7725}' PBA) (7)

2) A

0 & — 120252 H AR Y J5 5650 3 ek Kk

UVp— 1 z w;” IN pas 777/ IPﬁ—l) (8)

DU 72 s 220 (1 000 548 2 R SCRT TSR
Vg1 (X )= vs 1 (2 )+ vy, (20) (9)
K v g () HAFTE B AR B3R
AE 6 B bR 58 BT R

Us, ik 1(-Tc):
T
pSvkzw(fézllN(‘Td m(sl)uﬁ 15 Péi)/z\k 1) (10)
i=1

K ps AHTAE B AR AEIE S
iﬁﬁmqw 1951117}75%1[’@;“ TN = (1

miy = Ew V() an

ZCUI ( (Xé”1(]')>_méi)k\kf1>

[f(){/e—l ])>_ms.u1¢ 1]T+Q/e—1 (12)
V5 30 3553 A1 R pe (o), T & BsF 220 9 0 34 43
Ay R ECNE

PS/\k 1

zplk

j)ZC_fp,\,,l
j=o =

() phi(l—ps) (13)
e pr(o) RS20 A B AR B0 A R ps M
A BTSSR C A A R Ty R
FHTR A NG o N RAGE .
3) MK
kIS Z) AR 0 Ji5 56 45 o0 A1 B 06 90 B Al 2 i 0

DPur—1 (n)

RAEEA, AWM EH T -
slfg[ww)—l, Zk} (n)P/sw—l(n)

Pk(n): (14)
<$/}2[CUA\&—1,ZJ’P/¢M—1>
L@ 10 Zi]s pur
M(L):<¢[w‘ N7 >(17
<¢2|:wk\kfl’2/v:|’pk\kfl>
PI),&)W\F](-T()"_ 2711),/3(»’[“%) (15)

z€Z,

SR 2oy (o) ARSI ABE 3T ) B8 56 J3E R K

-
v[),k(xc’ Z): ECU;])(Z)N(
j=1

(i) (i)
PD,kw}cl\kflq; (Z)

-I!\A 1 ’
(0) (i)
/CkJrPn,kzwmk—lqi (Z)
¢

x; m' (z), Py),

¢’ (2)=N(z; 2, P{,) (16)

14 RIKHF[/EH

T A8 FH = IR G T8 AR 5 56 ok B2 S 56
I3 A A8 UKE 8 2 A% 38 & A i ok i, 3
B B bR R B R BOR # Ai, IF SE B GM-C-CPHD g
Pedwo HARRIEHCL LS RT .

1) BEF £ — 1200 R A T 5 TR 1f Sigma i5
KA IR 4 Sigma 5 K FHAR X R A9 AUE w, :
Xik—1.c—

;k—l.c+ (njL/Uﬁﬁ 1

~

Lpo1e (n

2) ¥ Sigma 5 18 3F

[(=1,2,-,n
(17)

+ 0P, ., [=n+1,2, 20
158 1, PRE Sigma 1519

T OO -
X1 ke 1,c:f<X/‘k—1,[>, [=1,2,-,2n (18)

3) MR A w, & 45 Sigma £ 1 700 F 3K BOCHR
A7 e B 5 22 A TI0I A L T

2n
Ly 1,6 — E WXL ke—1,c¢
=0

Pmﬂvc:iw[(xwﬂ‘c7@%71» (19)
[xm—re = T ]+ Qi
4) M b — 20 T H 5 B R 25 S B TN AE 5 ok
17 Sigma s SR AEFR B — 41 Sigma s M A X W AY
BUHE w,:



AR (R e 30)

92 AEROSPACE SHANGHAT (CHINESE &. ENGLISH)

o541 % 2024 AR5 1

Xitk—1,c—
Tyt (HJV/I)Pk\rLc, [=1,2,,n (20)

Tyre—J(n+A) Py 1o, [=n+1,2,-,2n
5) ¥ F— 3R EUAY Sigma AL 7 7, 3R
1545 Sigma g A W8I T30 1 A
Zo=g(ximr.), [=1,2,-,2n  (21)
6) M 38 AUE w, B 4 Sigma (19 08I0 5 0 {5 35 B
FR G K Wy J5 24 ) FUIAE

ZEUJ/ZM (22)
=0

Zpk—1

2n

zw/ L, — 2//

[Zl‘k_gl,k]’r—‘_Rk (23)

2 P EN

J Tl GM-C-CPHD %€ % #% 5 GM-CPHD
U8 W A E AN A 25 18] H bR BR S PR BT A0 IR ER AR,
R E 3R, A EEH WL L3 HR
WIR B RS WL 3R 20 b B AR LAETE B[R] A 56 1

B 30W 2 HbR 2AFEBT R 20 1 255 21 i %15
H ¥R 3] 55 5 255 30 21 . H bk i 0

W RASAREZ R BN sy = 07 ) A7 8 A 1 22
Mo, =o,=o0.= Lkmsx, y x5 bR 2% H
O =0, =0,= 1 m/s. HbL> [ 4 45 R (Earth-
centered , Earth-fixed , CEF ) il ¥ Z ¥ X & W 3 3.
fi e A 8 =X 43 i (Optimal Subpattern Assign-
ment, OSPA ) — 2Pk & JE 17 1R RE PRAG | Hp 48 3]

Pk,l‘zzzw/(xl./:\kfl,z751\*\/\'*1) [Z/,kfém—lr (24) =50 km,m&%ﬁpzzo
(DRIRCEEF I O
®1 FEXBSHIRE
_ | K
Ki=P,-Pro= K (25) Tab.1 Parameter settings of the simulation tests
k¢
‘ KA T b 4 A it g | BVUBLR | it 2o | JUSTBUR | b
8) FRAR 5t I by 22 6 1 5 | A | B R HEE | ERE
~ K,. ~ -
xk'ca—m“+[ (;}&"z““) (26) 1 3 099 | 1x10° 0.7 0.2
K. P. KT K. P. KT 2 3 0.95 1X10° 0.7 0.2
P :P . by x ky ky 2 ky 2 kyzz k.ci| (27) -
k Kl — 1, |:K/c,rP/:.;:Kk..1 0 3 3 0.95 1 0.7 0.2
F2 HEBKE S HIEBROVIREFERE
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Tab.3 Description of the ground station parameters in the

coordinate system
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Tab.4 OSPA errors of the position and velocity at the 30th

moment and the total moment number of false

estimation regarding the target number
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Tab.5 OSPA errors regarding different quantile values at the 30th moment
EEED 5% 25% 50% 75% 95%

fLE /m 241.684 9 390.623 7 491.627 7 553.787 5 3535.654 4
GM-CPHD

TR /(mes ™) 0.0210 0.028 4 0.039 1 0.0459 0.0711

{7 & /m 17.214 7 94.268 1 139.065 7 164.474 9 203.206 0
GM-C-CPHD

R /(mes ™) 0.010 8 0.0116 0.0177 0.0259 0.0315
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Tab.6 OSPA errors of the position and velocity at the 30th

moment and the total moment number of false

estimation regarding the target number
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Tab.7 OSPA errors regarding different quantile values at the 30th moment

&t 5% 25% 50% 75% 95%
£ /m 81.027 7 293.949 4 753.285 9 1304.826 6 3535.712 9
GM-CPHD
¥ /(mes ) 0.0112 0.026 5 0.074 2 0.136 8 7.0711
{78 /m 80.228 2 105.232 1 162.924 7 251.058 9 372.153 6
GM-C-CPHD
U /(mes ) 0.006 1 0.0139 0.022 9 0.035 2 0.047 9
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Tab.8 OSPA errors of the position and velocity at the 30th

moment and the total moment number of false

estimation regarding the target number

prans i OSPA | HJE OSPA | #EiRfhi
R 1R Ak
GM-CPHD 13843.3 2.737 4 6
GM-C-CPHD 154.473 0.023 2 2
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Tab.9 OSPA errors regarding different quantile values at the 30th moment

EizR D 5% 25% 50% 75% 95%
£ /m 229.219 6 288.106 6 524.894 7 3535.607 2 5 000.000 0
GM-CPHD
E/(mes ") 0.0110 0.030 9 0.047 3 7.0711 10.000 0
£ '8 /m 49.377 1 106.873 2 167.031 6 172.457 5 258.583 3
GM-C-CPHD
W /(mes ") 0.0017 0.023 6 0.0251 0.028 3 0.029 7
10 OSPAIREZITE
Tab.10 Statistical OSPA errors for all the tests
ERan FHE bRt 22 Hr iR %
78 /km 13.340 0 9.369 6 16.211 6
PiHE1
W /(mes 1) 1.974 2 1.3886 2.400 3
) f7 8 /km 16.279 7 9.8537 18.944 4
GM-CPHD & 2
BWE /(mes 1) 2.507 5 1.457 5 2.888 1
. f7E /km 18.837 3 9.1517 20.876 0
i3
W /(mes ") 2.9393 1.4430 3.263 8
. 7 /km 10.481 0 10.368 4 15.3226
{5 F. 1
T /(mes ) 1.464 9 1.683 6 2.2104
. {78 /km 13.448 8 13.426 5 18.8450
GM-C-CPHD fiH 2
R /(mes ) 1.9835 2.080 4 2.849 2
. {37 # /km 12.460 9 13.216 8 18.003 8
fii 3
R /(mes ™) 1.698 4 1.9355 2.550 6
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