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Tracking System-Oriented Multi-Sensor Information Fusion Robust
Guaranteed Cost Covariance Intersection Kalman Estimation Method
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2. Beihua University , Jilin, Jilin 132021, China)

Abstract: For the multi-sensor systems with uncertain-variance linearly correlated white noises, according to the mini-
max robust estimation principle,and by the Lyapunov equation approach,the two classes of guaranteed cost robust covari-
ance intersection ( CI) fusion Kalman estimators ( predictor, filter, smoother) are presented based on the parameterization
representation of the uncertain noise variance perturbations. Both the minimal upper bound and the maximal lower bound of
the accuracy deviations are given. It is proved the robust accuracy of the guaranteed cost CI fuser is higher than that of the o-
riginal CI fuser,and is higher than that of each local estimator,and the geometric interpretation of accuracy relation is given
by the covariance ellipses. A simulation example applied to tracking system verifies the correctness and effectiveness of the
proposed method.
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B AR EE DY S AR, 7E B R SCHk[ 31 - 33 ] R
BIFFE PP AR SR R A1 B e 7 07 22 @ A R RS 1 2
(). VA 7 R AN M 7Sy 22, HLIOA % 184 A L
TR 75 IR s ol AR TR T AR SR B O v T 2
TR VEAE S Kalman - H5 25 6 A0 BR B3R5 13
BRI N =1, 5K R3S TERE CT Bl i
— PR R, (e +1)50=1,2,3,CT FISZhRi%2E T2
P,(1) B Hodge /N B P, (1), J 52 PR A6 #E A 13
tr P,(1) e P(1) FF A HAE LR,
) FH 25 437 05 | A — AN e ) s 7
z,(t) =z,(t+1) =Bz, (1) (63)
A5 U 5
y;(t) =Hx(t) +v,(t); 1=1,2,3 (64)
Hr H =H,&-BH, D =H,I' H.
v, (1) =Dw(t) +n,(t) (65)
SR, R (65) AT, (1) Fl w (0) Iy EMEAH 5 e 7.
TRIFERG A (60) ~ (62) fb Ry M AH M S R 50X
(60) I3 (64) ~ (65). 45 Bl Ft T H
r(1)=0.5,0=0.381,
R, =1,R,=diag (9,0.16) ,R ; =1.2,
R, =0.8R,,R,=0.5R , R =0.75R .,

s o
p=q,=q;=1,
¢, =2,0=0.70,0, =1,
B, =0.1,B, = diag (0.06,0.3) ,B, =0.3,
R" =R =1,R}” =diag (1,0),R}” =diag (0,1)
(66)
14 7SRRI GRIERE CL RS- 0K R ok
Z,EIE T BRI ARA(35) ~ (36).

®1 BEMRMEEE ClRE—SFRBRNSHBMIREELLE

tr P, (1) tr P, (1) tr Py(1) tr Po; (1) tr PG (1) erl(l) ter(l) trP3(1) tri’C,(l)

0. 3438 0. 441 0. 4882 0.2277

0. 415 0. 2609 0.2282 0.3579 0. 136

g AR EE LB LA AR, 5 L5 25 P, (N)
(6=1,2,3,C) 0I5 ZMIEE R FHIR w=(u,,u,
cow,) B wl ' Py (N)u = e, AR — e HEIUH B
= 1. SCAR[ 22 ] E LW, P, (N) <P, (N) S T P (N) fir

XL B 7 ZE M IR B A 5 A Py (N) T IO 1) B3 5 22
BP9 JET 1 25 T 3 T i O 2 A I3 114 552 o A0 5 A G T
BUARE, JHL b S 2 2 93 D3l 2 s DR ST A0 5 PR 22 368 i
ARG, i 1 AT Po(1) ORI e 5 7 Po(1) (i =
1,2.3) BIMGIE Y, P (1) B 5 #4025 A Py (1) (9
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B Py, H P, (1) GRS &7 Po (1) BRE P, 3 5 ik
THFEREXR P, (1) <P, (1)<P;(1),P (1)
<P,(1).

051
04r
031
021

-0.6 -04 -0.2 (3 0.2 O.‘4 0.6
L ST Uy 2 SRR £ (R R K alman F 152

ER 1 FUEHRG 2 r(1) =0.5.
M= (57) , TR KL s 25
el (1) =1.4872,
e (1) =5.5551 e (1) =71.7058,
e (1) =0.9907 e (1) =1.7432 (67)
12X (38) RISy 22 e KRB
AQ"(1) =1.4872,
AR (1) =5.5551,A RI5(1) =1.7432
A R, (1) =71.7058R;” +0.9907R}” (68)
A5 tr A PL (1) =0. 5.

2 25 T RIEG TS B 22 tr A P (1)
KTALE(AQ,AR, AR, ,AR ;) e 2" (1) FJPRELK
F,HP AR =aAR) (1) ,(0<a<l),a N2
B, ATRAIE AR A O ~ AR, (1) 78 Bl N 224k 5 51 4,
AQ=AR =AR,=AR_ =0,(a=0) ,1[{5 tr A P, (1)
=0. & 2 BiF T (41) 458 .0<ur A P, (1) <0.5.

B2 TE A E MR T E B e (1) =
0.3,/"" (1) =0.4,eP" (1) =0.5,¢”" (1) =0.6,
eV (1) =0.7.

B (59) TF 58 AT 454 B w25 B RAE Dl r, (1)
=0.1288.

K3 25 15 AL TR BE A 25 tr A P (1)
5(AQ,AR,,AR , AR ;) e 2" (1) Z [ RE KR,
Hir AR =aAR) (1) ,(0<as<]1). 5], 4l &, =0,
=0,00 ¢;" =e” =0,e,” =¢;” =0 B}, f(53) ATl
TIRGEE 220 0. |y [l 3 AT 0, X 1008 A AN A s e 7
T 2ESHA IR (39) i Bir A 25 VR 40 3, A N NS
2z e A Py (1) Af/hEF r, (1) =0.1288 K KH
F0. B 3 k7 (58).

K4 251 T ORI RE CL A5 Kalman -3 2% 991> 43

2 SRR B K alman— 5 PR % tr AP, (1)
i 80 Attt (AR =asR (1))

trAP, (1)
0.1288
2
50
Q5
0.0644 Y 0:20.20.%
0 00l

002,005 00 00,

B3 SRR IERE I Kalman— - THEHE B 22 traP, (1)
EAQ Eua/;ra{{(ARm;aARZ(l))

IR ZE M 2 S LS PR AN PR + 3 ffbr i 22 . 1 4]
(a) (b) H 52 i 2 0 S A3 A7 B8 R J3E 158 2 fiT 2, a5 30
LRI HE L I3 B AR R PR ISP £ 3 A bR ifE 22 5.
AP FSEPRAREDE 0,050 =1,2 205l 3 (24) ~ (25)
G Py (1) P (1) M55 (i, 0) MXTAIEER o] 07 50 =
L2 754G . dr & 4 70, 85T 99% iR 22 i 2 T
H 230, N, HBM T 30, RN, B 4 B3E T T
S S B BRI P (1) A IES 1.

5 #ig

X AN E T 22 RN R 1 2 AR A R
PEORAEREAL TR R, AR SCR) T 2wk T

R AR /N A A 3 I LR Lyapunov J5 72 J7
T AHEWR S T 2N SR RB A = T
FARTEREE HE CTBLA Al T m) LAY Ak D 7 05 X T8 —
SR AT el F0UEL AR JEE O 2 45 A SR A B K5 R 5



1634 B *

¥ W 2017 4

Xof 5 T2 IRl ATy 0 (4 P 7 25 40 S BOR 7R E
T2 5. viliR 7 SCHRL 15 - 17,23 - 26 | & i A
ACORUEN E i 22 A7 e KT v slid /s B3 9 R BR 1, e
i T SCHRE 27 =29 1 ity fls st iod 75 M 7 R UL IR P A

HIRA R BRPE. HAESE—HESL T Ak FR a5 (4% 19 7
P ORPERE MR PR R, 25 T SE PRl i 22 07 22 1 #
NS BRE T E CLR AR B RS T A
TG SOFTEIRER R S8 A H 20 T X

—_— - - = - == — = — . =] 3¢

130,

T RE

0 200 400

600 800 1000

(b) t/step
K4 PRMERECIRES Kalman - 15 22 1 2 SRR SF A SERR + 3f8bRifi2e At

BE— 2 A IETE AR BL A4 A SCEh A S i e
BEALZ B 2 20 WL L R S G A 1 R 7 7 22 A TR
BATENE RGN G R REAL T ] L

S 30k

(U] 8, W, i, 5. T DU St B3 64 23 A1 X2 L A
HFRBRER L[ T]. f 2540 ,2011,39(2) :315 - 321.
FENG Wei, HU Bo, YANG Cheng, et al. A distributed
multi view object tracking algorithm under bayesian frame-
work [ J]. Acta Electronica Sinica,2011,39 (2):315 -
321. (in Chinese)
B AR, RIS liF 8 55, KATAYAMA Seiji. (Al F
IR G PSP GE IR BRI A IR W T [T ] 420 P 5 L
FH,2011,28(7) :931 -935.
GAO Xiang-dong, ZHONG Xun-gao, YOU De-yong,
KATAYAMA S. Application of Kalman filter with colored
noises to the experiment of seam tracking [ J]. Control
Theory & Applications,2011,28 (7) :931 - 935. (in Chi-
nese)
WIRVE , W A, XS BN TRk Sk (V] BT
2#4R,2016,44(5) . 1149 —1155.
HU Zhen-tao, HU Yu-mei, LIU Xian-sheng. Kalman filter
based on measurement lifting strated [ J]. Acta Electronica
Sinica,2016,44(5) :1149 —1155. (in Chinese)
(4] JJ7 3. BT 22 M0 I e 38 0 AU o 490 7 32k ol 8 A 1 5

T [T]. 2247 ,2016,44(6) 11279 - 1284,

ZHOU Wan-xing. LPRF radar velocity estimation based on

[2

(I

(3

[

multi-parameter delay decision [ J]. Acta Electronica Sini-
ca,2016,44(6) :1279 — 1284. (in Chinese)

[S] XA,z , Tk 2 m U5 SR & A~ SOE
eI g [ J] . o F244,2005,33(5) :860 — 863.

DENG Zi-li,LI Yun, WANG Xin. Multisensor optimal in-
formation fusion white noise deconvolution filter [ J]. Acta
Electronica Sinica,2005,33(5) :860 —863. (in Chinese)

(6] BREL, ErhiF VEED. ASE 2Rl T Ik 75 56 815 Ak 22

A6 DN Fg O'es v R BB B R AR BT [T ] AR 4, 2012, 40
(5):941 -948.
CHEN Li, WANG Zhong-xu, WANG Bo. Optic-electric
tracking system filter design based on posterior confidence
residual test with intermittent observations [ J]. Acta Elec-
tronica Sinica,2012,40(5) ;941 —-948. (in Chinese)

(7] AS AL, 5KMS, 55 3CHH. &R Bl R 7k S g B e Ko
[M]. BEIRVE : M IR VR Tall K2 i i ,2016.

DENG Zi-li,ZHANG Peng, QI Wen-juan. Robust Informa-
tion Kalman Filtering Theory [ M ]. Harbin ; Harbin Institute
of Technology Press,2016. (in Chinese)

(8] W, M8 AL AL W Z RS E ) LR S Kal-
man @& E5[T]. B3k ,2008,34(6) :639 - 646.
GAO Yuan, LI Huai-min, DENG Zi-li. Kalman fuser with
multi-layer fusion structure for descriptor systems [ J]. Ac-
ta Automatic Sinica,2008,34(6) :639 —646. (in Chinese)

[9] SUN Shu-li,DENG Zi-li. Distributed optimal fusion steady-
state Kalman filter for systems with colored measurement
noises [ J]. International Journal of Systems Science 2005,
36(3):113 -118.

[10] SUN Shi-li,LI X Y, YAN S W. Estimators for autogres-
sive moving average signals with multiple sensors of dif-
ferent missing measurement rates [ J]. IET Signal Pro-
cessing,2012,6(3) :178 —185.

[11] LEWIS F L,XIE L H,SOB Y C. Optimal and Robust Es-
timation ( Second Edition) [ M ]. New York: CRC
Press,2008.

[12] JULIER S J, UHLMAN J K. A non-divergent estimation



&%

7 TR R AR ) 2 A SR R B DR BB D) Uy 22 5 X Kalman 511757 1635

(13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

algorithm in the presence of unknown correlations [ A ].
Proceedings of the American Control Conference [ C].
USA . IEEE Press, 1997 (4) :2369 —2373.

JULIER S J, UHLMAN J K. General decentralized data
fusion with covariance intersection [ A]. LIGGINS M E,
HALL D L,and LLINAS J ( Eds)Handbook of Multisen-
sor Data Fusion, Theory and Practice (2™ Ed) [M].
USA :CRC Press,2009.319 -342.

JULIER S J,UHLMAN J K. Using covariance intersection
for SLAM [ J]. Robotics and Autonomous Systems,
2007,55(1) :3 -20.

QI Wen-juan,ZHANG Peng, DENG Zi-li. Robust weigh-
ted fusion time-varying Kalman smoothers for multisensor
system with uncertain noise variances [ J]. Information
Sciences, 2014 ,282 .15 - 37.

QI Wen-juan,ZHANG Peng, DENG Zi-li. Robust weigh-
ted fusion Kalman predictors with uncertain noise vari-
ances [ J]. Digital Signal Processing,2014,30:37 - 54.
QI Wen-juan, ZHANG Peng, DENG Zi-li. Robust weigh-
ted fusion Kalman filters for multisensor time-varying sys-
tems with uncertain noise variances [ J]. Signal Process-
ing,2014,99(1) ;185 -200.

FA, R AR, SN S MRS R R R 1 2 A% S T
T7 25 SRl A ALY ] #5045 P 3R, 2016, (2)
273 -278.

WANG Shuo, SONG Shen-min, SHI Xiao-ping, et al.
Multisensor covariance intersection fusion attitude estima-
tion with unknown noise characteristics [ J]. Control and
Decision,2016,(2) ;273 —278. (in Chinese)

FERREIRA JCBDC, WALDMANN J. Covariance inter-
section-based sensor fusion for sounding rocket tracking
and impact area prediction [ J]. Control Engineering Prac-
tice,2007,15(4) :389 —409.

LAZARUS S B, ASHOKARAIJ I, TSOURDOS A, et al.
vehicle localization using sensors data fusion via integra-
tion of covariance intersection and interval analysis [ J].
IEEE Sensors Journal ,2007,7(9) :1302 - 1314.

SIJS J,LAZAR M. State Fusion with unknown correlation
ellipsoidal intersection [ J]. Automatica, 2012,48 (8):
1874 —1878.

DENG Zi-li,ZHANG Peng, QI Wen-juan, et al. Sequential
covariance intersection fusion Kalman filter [ J]. Informa-
tion Sciences,2012,189.:293 —309.

EFHF, XSO, B A S A E R ST B D 7
238 R A FR S Kalman Fi4fe 4% [T]. A g k2= ik,
2016,42(8) :1198 — 1206.

WANG Xue-mei, LIU Wen-qiang, DENG Zi-li. Modified
robust covariance intersection fusion steady-state Kalman

predictor for uncertain systems [ J]. Acta Automatic Sini-

[24]

[25]

[26]

[27]

[28]

[30]

[31] %

[32]

ca,2016,42(8) ;1198 - 1206. (in Chinese)
353?1‘@ X SCa, X Sz Al AN E T 22 4R SR
PR G 4 6 B B 7 25 58 RS AR A4S Kalman £
TE%‘%[J]. Pl 5 L5 ,2016,31(10) 11749 —1756.
WANG Xue-mei, LIU Wen-qiang, DENG Zi-li. Modified
robust covariance intersection fusion steady-state Kalman
estimators for systems with uncertain-covariance linearly
correlated white noises [ J]. Control and Decision,2016,
31(10) :1749 —1756. (in Chinese)
XI H SH. The guaranteed estimation performance filter for
discrete-time descriptor systems with uncertain noise [ J].
International Journal of Systems Science, 1997,28 (1) .
113 —121.
XI H SH. Discrete-time robust Kalman filter of guaranteed
state estimation performance [ J]. Acta Automatica Sini-
ca,1996,22(6) :731 - 735.
W A A L, RS B ST AN MR T 25 E W R SR
PERE R Kalman 38348 [ ], #H #E 5 6, 2016,
33(4) .446 -452.
YANG Zhi-bo, YANG Chun-shan, DENG Zi-li. Guaran-
teed cost robust Kalman filter for time-invariant system
with uncertain noise variances [ J]. Control Theory and
Applications ,2016,33(4) :446 —452. (in Chinese)
YANG Chun-shan, YANG Zhi-bo, DENG Zi-li. Guaran-
teed cost robust measurement fusion steady-state Kalman
predictor with uncertain noise variances [ J]. Aerospace
Science and Technology,2015,46(14) :459 —470.
YANG Chun-shan, DENG Zi-li. Guaranteed cost robust
weighted measurement fusion Kalman estimators with un-
certain noise variances and missing measurements [ J].
IEEE Sensors Journal ,2016,16(14) :5817 —5825.
KAILATH T,SAYED A H,HASSIBI B. Linear Estima-
tion [ M]. New York:Prentice Hall,2000.

ERZEECIY 771 B B SN 3131 4 D] ) R AR A )
RIS E [T ] Fe it B 5 0, 2013,30(9)
1109 -1105.

WANG Shao-hua, YANG Ying. Quadrotor aircraft attitude
estimation and control based on Kalman filter [ J]. Con-
trol and Decision, 2013,30(9):1109 — 1105. (in Chi-
nese)

FHE, I, T . R GPS AT 4 8 45 52 L
4 A AR RLAIESE [T ] Al '36’%% 2005,20(1):103
-105.

WANG Xin-long, SHEN Li-xun, DING Yang-bin. Adap-
tive system model of the vehicle kinematic positioning
based on GPS [J]. Control and Decision,2005,20(1) .
103 —105. (in Chinese)

CESAR B D C F J,JACQUES W. Covariance intersec-
tion-based sensor fusion for sounding rocket tracking and



1636 W

EE ¢ 2017 4

impact area prediction [ J]. Control Engineering Practice,
2007,15(4) :389 —409.

[34] CONG J,L1Y,QI G,et al. An order insensitive sequential
fast covariance intersection fusion algorithm [ J]. Informa-
tion Sciences,2016,367 —368 .28 —40.

EE®E T
B L, 1983 A WL BTs A U,

BRI A E RS SRR B RE .
E-mail ; dengzili789@ 163. com

BEWL  B,1975 F4 LA, Bl
2, FEGE GO RIS A 0 2 A5 R A ah
£ % Kalman JEDY.
E-mail ; dengzili891@ 163. com

WA GEWREE) 1938 44 144 S, F8R, EEF
LR A% IR F SRS A Kalman J§ 3.
E-mail ; dz1@ hlju. edu. cn



