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An interacting multiple model filtering algorithm for mobile robots
to improve tracking of moving objects in unknown environments

WU Ming, SUN Ji-yin
(Department of Computer, The Second Artillery Engineering College, Xi’ an 710025, China)

Abstract: A novel method was developed for synchronous localization and mapping ( SLAM) and object tracking
(OT) to provide simultaneous estimation of a robots and any object% trajectories in an unknown environment. The
system was based on interacting multiple model (IMM) filtering. In this approach, the states of robots, objects and
landmarks were used to form an integrated system state. A full covariance extended Kalman filter (EKF) was then
employed to estimate system state. As the iterative estimation progressed, sufficient correlations between the differ-
ent objects in the system could be establish to reflect the interdependent relationships of estimations between differ-
ent system objects. In this way the precision of object state estimation was improved. Moreover, when combined
with a traditional IMM filter algorithm, this method solved the uncertainty problem for modes of object motion. With
the application of IMM, the method helped robots to track objects and estimate their modes of motion, improving
the accuracy of object localization. Simulation results validated the effectiveness of the proposed method in the esti-
mation of the trajectories of robots and objects and the modes of motion of tracked targets.
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Fig.1 The tracks of object in GVM and CAM model
B1d2@FEIANBRT BiRL CVM Al
CAM Z17Et At , AZE R I, 4 HARLA CAM i3
i, Tt KRB s, R RN B AT,
BRFL CVM iz shi 45 R it i3iid , CAM B A H#
Wiz A E R B AR, Wi CVM NIE A #ikia
K E /N B AR
1.3 45, B ER
BRI Im, BPRE N EE R /RBAR, BIX" =
[y ] M B R EEM Y WA R, Bz =
[dy]", MRS BFr T AIFE Im, 50 505
b
% =[diy] =k (XX, ,R") =

{J(xl —2)" + (- 9)°

e =
arctan(s—"% — gF)

k k

‘+RT (4)

Gl
= L] = B (XX R") =

{J(xi"‘i —m) " + (- )"

ylmi _ yR + le. (5)
arctan( Z"i £ -6

Xy Xy

X5 Xy SR PLE A BRI R, R 2
¥ 0,005 2 diag(q”,q7) HIRRMBEFS.

2 ET IMM wALE AR R AL E
M7 e 30 B AR IR BR 7 %

EARERER FIHLES A SLAM BFREME S &F A
5], 40, % F B AR BRER SR UERT 5 3 s — R AE T 0
Hiria s B R R A4 b, Tl 4% A SLAM #5389

S SR T 3T LA ORISR R AE AT & MR %)
B L. B F L8 A R AL M E RN B ARER
BRORUL, HAR ST 8 B AR 2 N F IR X A A
THESA HET IMM BN FBIr . Bk B RRE
WE 2 FiR.

ZEBEFEAIT 2 MONE, HAoRRET
EKF [ ¥ SLAMOT % 3% ( & ®h % % Mode i EKF
FHHE) , L RET IMM B 2 BRI, &
HHHRR, BN BEL R IMM T #ATR, T
FT EKF BB SLAMOT Bk 2R T A [F &
GURZSHYTRI A BT MR . Bk, B4R
GEARAS I BRI (L, 5 1] P 3 b S0 % AS ] E
BEEANR R RE S FIEFTER, SR
AR RGRES B AP F ZEEHME X, 71 P,
FEMER I, EH IMM PR ARk E R BRAN R
GRS 7 285 X, 1 P, LT XA S BT
HHNE.

AREART,
Py

HITE

X P i
X..P,
— Mode 1 EKH 4 F
AAI 1 VAI

1
AP Vi | AR |
o (3
¥4 = Mode 2 EKH A'f”— .
AL i ,
X Pia¥i | N
- fe1od g1 VIV ’;’&ﬁﬁdﬂ

ol Kenadfin
= Mode s KKF—

HiaoYi

A

0.7 po,; .
XA+15PA+15 VI

&2 SLAMOTIMM &L HAR
Fig.2 The flow chart of SLAMOTIMM algorithm
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HpERWF - C(T,..,,Im,) = AL, C(R, Im). (34)
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T
H,, = [aXR B 0,0, (37)
Elkpyg el kg 2x(942n)
R T R T
Xertlk ~ Fhellk Yertle — Yi+llk
T I3 p) T I3 p) T I3 p) T I3 p)
ohT «/(xk+1|k = X)) F (yk+llk = YViwtl) «/(xk+1|k = Zps) F (yk+llk = YVirt1x)
ox? - T R R T . (38)
kel Yertle — Yi+llk Xerile ~ Fhellke 1
T I3 p) T I3 p) T I3 p) T I3 p)
«/(xk+1|k - X)) + (yk+llk - yk+llk) «/(xk+1|k - Xponx) + (yk+llk - yk+llk)
T R T R
Xl — Fkellk Yertle — Yiellk
T I3 p) T I3 p) T I3 p) T I3 p)
o’ «/(xk+1|k = Zpeu) F (yk+llk = Yie1) «/(xk+1|k = Xpeni) F (yk+llk = Yirtix) 0
T - 2x4 |*
0X, R T T R
kellk Yeetle — Yiellk Xprilk — Fkellk
T I3 p) T I3 p) T I3 p) T I3 p)
«/(xk+1|k - X))+ (yk+llk - yk+llk) «/(xk+1|k - Xpz) + (yk+llk - yk+llk)
(39)

#(38) . (39) AAHR (4) X TF Xy Xy O
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Hilw, = aXf+1Ik2x3 Ximﬁz 2 ) (40)
289 +2%5;, Ejﬁ]9+2x(ji+1) 2%(9+21)
R _ lmﬁ R _ lmﬁ
Xpetlk — Xp Yietlk — Yeslik
on™ B «/(ximﬁ _xf+llk)2 + (yimﬁ _yf+llk)2 «/(ximﬁ _xf+llk)2 + (yimﬁ _yf+llk)2 (41)
OXf Uk - bmy; R R Imj; ’
* Ye' — Yertik Xpetik — X 1
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lmﬁ R lmﬁ R
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oXT Sy A R '

T I3 7 T I3 7
«/(kaﬁ = i) F (V0 = Viwnir)

T I3 7 T I3 7
«/(kaﬁ = i) F (V0 = Viwnir)

R (41) . (42) S350 (5) X F Xi. 0 T X B9
] LLRE

T REFT T E WM Z 5 [ &, Brid Wil 25
Do B S - TIN5 B R B 22 5%, 3
Hign

T T T
Vet Zpet T Zprlln
Imy Imy Imy
Viet Zpel T Zpilin
Vi = = . (43)
Im,, Im,, Im,,
Vi 1k 21— T

120 20 0 T B AR RURRAE B TR L
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