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Abstract: The problems of slippage modeling and compensating control for mobile robots in outdoor environments are
studied. Focusing on a tracked mobile robot, the slippage efficiency between tracks of a tracked mobile robot and ground is
analyzed and modeled as time-varying parameters, meanwhile the corresponding kinematic and dynamic models of the robot
are created with slipping parameters. Then the online nonlinear estimators such as the square-rooted unscented Kalman filter
(UKF) can be used to estimate the pose and slipping parameters jointly. Furthermore the dynamic feedback linearization inte-
grated with a globally exponentially convergent control law is applied to the tracking control. Simulation results demonstrate

the effectiveness and robustness of the proposed method.
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Tab.1 Performance comparison of four filters

JRZAE MSE (1074 Z#MSE (1072) CPU ] /s

EKF 1.573 3.585 1.250

UKF 1.456 1.926 4.672

UPF 1.456 1.925 104.016
SR-UKF 1.422 1.862. 2.012

M 1 AT WL, SR-UKF J7iERPRAE . SEUN TR
[0 UKF. UPF JjikdEw 6k, HALT EKF A7
% MIHFER) CPU A2k E, SR-UKF J7 V% (1) SE I
PR = T8 LW UKF J7v5 L& UPF J7ik. 54,
TR R, SR-UKF J5 ik (e P43 3
T U LRE.



o933 &5 3 ) JE WA BPAME SN AT B RO (R e g UM BR R o 271

K 2 Jie7n T SR-UKF it Jiikxt 3 MEsh 24
i~ g Ao A THPERE, HEP BRI O h 45 1
TS B B4, 9437 SR-UKF i v 153 2 1K 18 3)
SR BN, BURTE 1 =30s AN T —MECKI
BrRA2 4k, 4RI SR-UKF et ER iR EIX A4, H
ARG (B HE

o 02

o H

£ i

=

0.2 s - : - s |

10 20 30 40 50 60

= 02

2

g 0 n

= R

0.2 : i : : . )
0 10 20 30 40 50 60

02T

=

o H

£ . i7"

R

% 0.2 . . . . . )
0 10 20 30 40 50 60

time ¢ /s

K2 WahzHdhi

Fig.2 Estimation of slipping parameters

Bl 3 W BRER IR ZE q — q, BB TA] 1922 40 B,
Hoh RO AL E X MIERERR S, SEE A Y (R
BRURZE, AR T P IR RZE . A
W HTFASHEPLR o BEHET 0, 3 iR
REWS B I [A) T 22 A8 /N 15 R8T 0. AE 1 =30 4b
A DUUEIN 34 e 20 2 A R A A i ok ) A T

1.
.51
.................. position X
1oa position Y
AN\ (e yaw angle y
05t}
g [
5}
5 s
o
o

0 10 20 30 40 50 60
time ¢ /s
B3 BRI
Fig.3 Tracking error

4 U ERER R I, Herh R R S
8, TS R BRI

5 bl A N = [ o] 072
M, AR oo ARG, TISE4R0R
or FIASALAEIL.

MIE 2 ~ 5 ATLAE Y, ASCHT (13 2 S 15
IR R B R R G ERER H 1, JF HATE 4 30
b5 I B 2 H ER AR AL T LA SR-UKF JUHAS:
TE, Pricuk s s R AR R G IERIRER S %
B, UER] T 07 AT B R S

0.51
ok | — reference trajectory
real trajectory
0.5
=l

|
—
%)

T

position ¥ /m
I
[\)

=25
-3
_35 L
4}
—Al¥s 1 1 1 L y
0 5 10 15 20 25
position X' /m
K4 $ultbig
Fig.4 Trajectory comparison
1.2
.................. w
| L
@R
0.8
@
T 06} T
5 04f
o
|
0.2t u
0
—0.2 . . . . . )
0 10 20 30 40 50 60
time ¢ /s
KI5 A
Fig.5 Input

6 %5t (Conclusions)
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