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The paper proposes an algorithm to quantify the relative movement uncertainty for mobile robot in laser scan

matching. A number of geometry features are modeled with the probabilistic graphical model. A chain pairwise conditional

random fields are employed to infer the marginal probability of the laser point associations. Furthermore, the uncertainty

distribution is sampled compactly based on the node and state bounding. Then, the sampled uncertainty is mapped

into the relative movement estimation space.
demonstrate the validity of the proposed algorithm.
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Finally, the uncertainty of relative movement is inferred. Experiments
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Fig.1 The illustration of relative movement estimating

for mobile robot with laser scan matching
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Fig.2 The illustration of relative movement estimating
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uncertainty caused by improper laser point association
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this paper
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Fig.7 The scan matching simulation in corridor environment ((a) The simulation scenario;
(b) 3-0 uncertainty ellipse of X-Y’; (c) 3-0 uncertainty ellipse of X-rotation)
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Fig.8 The scan matching simulation in circular environment ((a) The simulation scenario;
(b) 3-0 uncertainty ellipse of X-rotation; (c) 3-c uncertainty ellipse of Y-rotation)
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Fig.9 The scan matching experiment with indoor robot ((a) The robot platform employed in the experiment;
(b) Experiment environment; (c) The 3-0 uncertainty ellipses and the laser map)
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Table 1 The standard deviations of mobile robot’s relative movement estimation in the indoor experiment
BLEE N7 k1 KRITTM o7, (m) RIITE or, (m) HEEM o7, (m) LN o, (m)
A 0.213 0.083 0.182 0.171
B 0.178 0.112 0.161 0.176
C 0.197 0.104 0.229 0.193
D 0.166 0.113 0.149 0.175
E 0.120 0.098 0.166 0.213




244 PMET A BT HOL R UL ECA BB AR sh L AR @ s v 22 0 4 213

EY IR ZERR R T X 5 W A TR E.
W 9 (c) MR 1 P, ASCE 5 32n] A3 21
XA, H B LIE AR T AR 4R,

S SR IE— 2P RIE T A SRR SR AR LS
NI A R, DT HERLAG B AL A X
TR ZE B AR G R A P

6 it

AR ST PRI R HE B ROE AR VL S O /R SC
HRG R RS ShHLEs NAH I Sl vh i 7. BLRAES
G R IR IR G A0 HE B 2 38 O Ml G 2 DA
HEPME AR S TR, Bk O AR ADIRS S, A F
BRIV R AR AR SE. SARGI IR L, A3
BEAT 563 IOMERIEA, JF BAT A (P Re.

B

i Joop van de Ven, Fabio Ramos, Tim Bai-
ley 1 Hugh Durrant-Whyte X A% 5. #hih
MVF2 BEERTHE.

References

1 Lu F, Milios E E. Robot pose estimation is unknown envi-
ronments by matching 2D range scans. Journal of Intelligent
and Robotic Systems, 1997, 18(3): 249—275

2 Bailey T. Mobile Robot Localization and Mapping in Exten-
sive Outdoor Environments [Ph. D. dissertation], University
of Sydney, Australia, 2002

3 Ramos F, Fox D, Durrant-Whyte H. CRF-matching: condi-
tional random fields for feature-based scan matching. In:
Proceedings of Robotics: Science and Systems. Atlanta,
USA: The MIT Press, 2007

4 Pfister S T, Kriechbaum K L, Roumeliotis S I, Burdick J W.
Weighted range sensor matching algorithms for mobile robot

displacement estimation. In: Proceedings of the IEEE Inter-
national Conference on Robotics and Automation. Washing-
ton D. C., USA: IEEE, 2002. 1667—1674

Bengtsson O, Baerveldt A J. Robot localization based on
scan-matching — estimating the covariance matrix for the
IDC algorithm. Robotics and Autonomous Systems, 2003,
44(1): 29—-40

Cense A. An accurate closed-form estimate of ICP’s covari-
ance. In: Proceedings of the IEEE International Conference
on Robotics and Automation. Roma, Italy: IEEE, 2007.
3167—-3172

Lafferty J, Mccallum A, Pereira F. Conditional random
fields: probabilistic models for segmenting and labeling se-
quence data. In: Proceedings of the 18th International Con-
ference on Machine Learning. Williamstown, USA: Morgan
Kaufmann, 2001. 282—289

Bishop C M. Pattern Recognition and Machine Learning.
Secaucus, USA: Springer-Verlag, 2006

Zhang N F. The uncertainty associated with the weighted
mean of measurement data. Metrologia, 2006, 43(3):
195—204

METE PRI, WA ETRRT A
S ASCEEEE.

E-mail: sunzuolei@gmail.com

(SUN Zuo-Lei Lecturer and Ph.D..
His research interest covers navigation
and control. Corresponding author of
this paper.)

FHER) RN, W EEOUT N
MRS PR RS 46 300 EE
@4, E-mail: maoxc@sjtu.edu.cn
(MAO Xu-Chu Associate professor
and Ph.D.. His research interest covers
global navigation satellite system, inte-
grated navigation, and data fusion.)



