%35 & 2 H 3 £ % K Vol. 35, No. 2

2009 2 H ACTA AUTOMATICA SINICA February, 2009
— AN B EARRINRERZE
R EET
W E B ANERIHRE @BOR U S L N\ EAL B AR, DU IR S s N SRR TR 2T VA 2 B xR

IR R SN N BT, dE St AR Sz ek R U R R R N S S i, e K B I8 o TR RS B KR
. PIEASCER S [0 W sl M 22 s s A SN sl as AP S 3 I 7 — P ] i R TR 2 0. AR N sl 42
EAAGRAIRAL b, A RV HR AR S T IR G % . RGRES BRI P Z M I EOC &, dEmifeth—
Toft LA AR R 22 SN B BB D RE RS S o NG ARSI, o RE AL R rp ™ A I LR U RV IR 2245 T SE I e LA B2. SRR
HUBT SR A Ot > T LR TR BRRZE, S T E LR L.

KER PR UER, R, AL e AL, AR
FESES TP24.A

An Efficient Approach to Odometric Error Modeling for Mobile Robots
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Abstract
modeling are designed for some special driving-type robot up to now. And the unbounded odometric long term error, which

Odometric error modeling for mobile robot is a basis of localization. Most of the approaches to odometric error

degrades localization precision after long-distance movement, is not often able to be compensated in real-time. Therefore,
a general approach to odometric error modeling for mobile robot is proposed with respect to both synchronous-drive
roller robot and differential-drive roller robot. The method assumes that the robot path to be approximately to circular
arcs. The approximate functions relationships between the process input of odometry and non-systematic errors as well
as systematic errors are derived based on the odometric error propagation law. Further, a new localization algorithm
for mobile robot is proposed, which is used to online compensate the accumulative errors of odometry in the process
of localization. The experiments show that the new localization algorithm reduces the accumulative errors of odometry
efficiently, and improves the localization precision remarkably.
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D DW®  D/DI 6. ¢ Y

KA mm mm 1 deg deg deg
1 9825.4 9815.6 1.000998 7.9 82.1 -2.450
2 9830.1 9815.7 1.001467 340.5 —250.5 —1.865
3 9887.6 9874.3 1.001347 40.5 49.5 —1.456
4 9858.4 9836.2 1.002257 78.8 21.2 —0.157
5 9734.6 97269 1.000792 1034 —134 0.813
6 9785.5 9773.7 1.001207 133.0 —43.0 1.356
7 9778.9 9767.8 1.001136 163.3 —73.3 1.874
8 9956.5 9946.8 1.000975 192.3 —102.3 1.974
9 9946.9 9931.5 1.001551 212.6 —122.6 2.156
10 9978.9 9968.3 1.001063 249.7 —159.7 0.601
11 98754 9856.7 1.001897 305.5 —215.5 —0.634

Bt 6t 22 By UK Bl AR 0 DK B LA N AR S 3l 45
Ui 0o} 1K 4> B Gk 25 AT TR AL S I AR
ERSP R 15 22 MU LR 22 40l ks> 63.53 % A
73.66 %, i [F25 9Kz HIT-3SDR 435l /> 53.24 %
17051 %. PRI e Ao Sk m] DA TA] I FH 1 [A) 20 3K
B2 B I AN A XA AL A N, AR IR BhpLa A
s dhd fEh e 2= Ry DR R S W22 AD Fff
FE w25 Agp S i s ) ARV R N & DX il
¢, IR RYR ZE IR G A Ky, BEATAEZR
M, SRS TR A R G R 2 T B AR
BUFRZE, PRIE T 188 e AL HER .

Bl 4 5 T BRI 3 ATk B op B bR B
1T 88 VRN [AIA B 1 5 A7 B 0] X6 b g, T LA
B Bl A N BLRE VF 1 22 M2 11 5 1 5 A7 1N [R) 9 5
Ak, R ZEAMERT SR E AL IR 2 579.21 ms Al
659.25 ms, X & K A 75 1% 28 Mz B A e k5%
2 38 28 FUHE AT LU AR BEKs 25 v — e B I 1R (H 2 4
ANCEFE S DLE AL I T 380 12.14 % A AR RIS
R FE R 22080/ 80.49 % A1 81.31 % 45 i I 52 ALK



244 Pl AR MR s LA N R TR ZZ A 173

JEE, S50 W] X Tl i3 22 SIS D2 R 006 B2 B BIL A%
NI SE I R .

1500 T T T T T T T
= LENEA
—&— REAMEG
n|
N l
| n n| ,“
1000 r l | oo !'
wy n| 1 H |
S HTret® NP AUlaw
= ol It []. ‘ 0 T m:\: "';‘1 il h T
1) | D
E i ‘,”,H '5 [’ i -"'\ P ' | r" R
T oo LLPRL] 1P ikt Sitman 8 | (iR
500 F N 4o LA Pib A et ol ek
g e e miE U & R Y
W N Yor o ul B
) i meo U]
\ & V)
)
0 . . . . . . . .

0 10 20 30 40 50 60 70 80 90
ENLEL
4 TEREHRZEAME H S E LN ) AR AE
Fig.4 The changes of localization times before and after
odometric errors compensation

6 it

AR SCEE R R 2D SR Bl A B K s ke A s pLEs A
G SR T A B AR R T, TR R
e RAETHR ZE B R A Z R RO R, 7231
SEA AR PO BURR ViR 22 AT SN AMEE B E A
FGPRE. 4 o T 58 AT TR BOAE 2 252 5 35 3 bl s Ao
Jiik, JFESLE RS S HL A N BLL AR ST A
e ARG, AFCELAT S (3 T X

References

1 Ioncl B, Ioan L, Franti E, Dascalu M, Moldovan C, Goschin
S. Systematic odometry errors compensation for mobile
robot positioning. In: Proceedings of the 7th International
Conference on the Experience of Designing and Applica-
tion of CAD Systems in Microelectronics. Washington D. C.,
USA: IEEE, 2003. 574—576

2 Chung H, Ojeda L, Borenstein J. Accurate mobile robot
dead-reckoning with a precision-calibrated fiber optic gy-
roscope. IEEE Transactions on Robotics and Automation,
2001, 17(1): 80—84

3 Borenstein J, Feng L. Q. Measurement and correction of sys-
tematic odometry errors in mobile robot. IEEE Transactions
on Robotics and Automation, 1996, 12(6): 869—880

4 Chong K S, Kleeman L. Feature-based mapping in real, large
scale environments using an ultrasonic array. The Interna-
tional Journal of Robotics Research, 1999, 18(1): 3—19

5 Kleeman L. Advanced sonar and odometry error modeling
for simultaneous localisation and map building. In: Pro-
ceedings of the IEEE/RSJ International Conference on In-
telligent Robots and Systems. Las Vegas, USA: IEEE, 2003.
699—704

6 Martinelli A. The odometry error of a mobile robot with a
synchronous drive system. IEEE Transactions on Robotics
and Automation, 2002, 18(3): 399—405

7 Martinelli A. Modeling and estimating the odometry error
of a mobile robot. In: Proceedings of the 5th IFAC Sympo-
sium on Nonlinear Control Systems. St. Petersburg, Russia:
IFAC, 2001. 420—425

8 Tur J M M, Gordillo J L, Borja C A. A closed-form expres-
sion for the uncertainty in odometry position estimate of an
autonomous vehicle. IEEE Transactions on Robotics, 2005,
21(5): 1017—1022

9 Julier S J, Uhlmann J K, Durrant-Whyte H F. A new
method for the nonlinear transformation of means and co-
variances in filters and estimators. IEEE Transactions on
Automatic Control, 2000, 45(3): 477—482

10 Julier S J. The stability of covariance inflation methods for
SLAM. In: Proceedings of IEEE/RSJ International Confer-
ence on Intelligent Robots and Systems. Las Vegas, USA:
IEEE, 2003. 2749—2754

11 Li Y, Wang J L, Rizos C, Mumford P, Ding W D. Low-
cost tightly coupled GPS/INS integration based on a non-
linear Kalman filtering design. In: Proceedings of ION Na-
tional Technical Meeting. Monterey, California, USA: 2006.
958—-966

MRE WRE RS R %S
HR S B LT, F BT A
Bl N AP N, A SCE
{51E# . E-mail: eerfriend@163.com

(YANG Jing-Dong Ph.D. candi-
date at Harbin Institute of Technol-
ogy. His research interest covers mo-

bile robots navigation and biped robots.
Corresponding author of this paper.)

L2k 0 e S SR U N € e S -3 1 W DRV € R ok
FEHAE R RS, E-mail: yangjinghui99@yahoo.com
(YANG Jing-Hui Professor at Shanghai Second Poly-
technic University. Her research interest covers data mining
and management information system.)

HHREE AR MR R RS R R RENLA A
FIHL# A2 ER. E-mail: nianming@gmail.com

(HONG Bing-Rong Professor at Harbin Institute of
Technology. His research interest covers intelligent robots
and soccer robots.)



