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View Planning and 3D Map Building by a Mobile Robot
Equipped with Two Range Sensors

Atsushi Yamashita, Shinya Iwashina and Toru Kaneko

Abstract—In this paper, we propose a view planning method
that plans view points for efficient 3D map building by a
mobile robot equipped with two LRFs (laser range finders).
The robot searches for effective view points by predicting
new measurement domains in the next view points, and then
measures distances to obstacles around the robot with LRFs.
The 3D map is generated by integrating range information
obtained from multiple measurements. Experimental results
show the effectiveness of the proposed method.

,_
—_

—
&

[4

=

[8

=

[9

—

[10]

(11]

[12]

REFERENCES

Sebastian Thrun: “Robotic Mapping: A Survey,” Technical Report
CMU-CS-02-111, 2002.

Sebastian Thrun, Wolfram Burgard and Dieter Fox: “A Real-Time
Algorithm for Mobile Robot Mapping with Applications to Multi-
Robot and 3D Mapping,” Proceedings of the 2000 IEEE International
Conference on Robotics and Automation (ICRA2000), pp.321-328,
2000.

Sebastian Thrun, Dirk Hahnel, David Ferguson, Michael Monte-
merlo, Rudolph Triebel, Wolfram Burgard, Christopher Baker, Zachary
Omohundro, Scott Thayer and William Whittaker: “A System for

Volumetric Robotic Mapping of Abandoned Mines,” Proceedings of

the 2003 IEEE International Conference on Robotics and Automation
(ICRA2003), pp.4270-4275, 2003.

Dirk Hihnel, Rudolph Triebel, Wolfram Burgard and Sebastian Thrun:
“Map Building with Mobile Robots in Dynamic Environments,” Pro-
ceedings of the 2003 IEEE International Conference on Robotics and
Automation (ICRA2003), pp.1557-1563, 2003.

Boyoon Jung and Gaurav S. Sukhatme: “Detecting Moving Objects
Using a Single Camera on a Mobile Robot in an Outdoor Environ-
ment,” Proceedings of the 8th Conference on Intelligent Autonomous
Systems (IASS), pp.980-987, 2004.

George K. I. Mann and Raymond G. Gosine: “Moving Object Detec-
tion in Indoor Environments Using Laser Range Data,” Proceedings
of the 2006 IEEE/RSJ International Conference on Intelligent Robots
and Systems (IROS2006), pp.802-807, 2006.

Chung-Hao Chen, Chang Cheng, D. Page, A. Koschan and M. Abidi:
“A Moving Object Tracked by A Mobile Robot with Real-Time
Obstacles Avoidance Capacity,” Proceedings of the 18th International
Conference on Pattern Recognition (ICPR2006), Vol.3, pp.1091-1094,
2006.

Christopher 1. Connolly: “The Determination of Next Best Views,”
Proceedings of the 1985 IEEE International Conference on Robotics
and Automation (ICRA1985), Vol.2, pp.432-435, 1985.

Jasna Maver and Ruzena Bajcsy: “Occlusions as a Guide for Planning
the Next View,” IEEE Transactions on Pattern Analysis and Machine
Intelligence, Vol.15, No.5, pp.417-433, 1993.

J. E. Banta, Y. Zhien, X. Z. Wang, G. Zhang, M. T. Smith and
M. A. Abidi: “A “Best-Next-View” Algorithm for Three-Dimensional
Scene Reconstruction Using Range Images,” Proceedings of SPIE,
Vol.2588, pp.418-429, 1995.

Kontantinos Tarabanis, Peter K. Allen and Roger Y. Tsai: “A Survey of
Sensor Planning in Computer Vision,” IEEE Transactions on Robotics
and Automation, Vol.11, No.1, pp.86-104, 1995.

Richard Pito: “A Sensor Based Solution to the Next Best View
Problem,” Proceedings of the 13th International Conference on Pattern
Recognition (ICPR1996), pp.941-945, 1996.

A. Yamashita, S. Iwashina and T. Kaneko are with Department of
Mechanical Engineering, Shizuoka University, 3-5-1 Johoku, Naka-ku,
Hamamatsu-shi, Shizuoka 432-8561, Japan yamashita@ieee.org

978-1-4244-6676-4/10/$25.00 ©2010 IEEE

[13]

[14]

[15]

[16]

(17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

1545

Peter K. Allen, Michael K. Reed and Ioannis Stamos: “View Planning
for Site Modeling,” Proceedings of 1998 DARPA Image Understanding
Workshop, pp.1181-1192, 1998.

Nikolaos A. Massios and Robert B. Fisher: “A Best Next View
Selection Algorithm Incorporating a Quality Criterion,” Proceedings
of British Machine Vision Conference 1998 (BMVC1998), pp.780-789,
1998.

Richard Pito: “A Solution to the Next Best View Problem for Auto-
mated Surface Acquisition,” IEEE Transactions on Pattern Analysis
and Machine Intelligence, Vol.21, No.10, pp.1016-1030, 1999.
Williamr R. Scott, Gerhard Roth and Jean-Francois Rivest: “View
Planning for Automated Three-Dimensional Object Reconstruction
and Inspection,” ACM Computing Surveys, Vol.35, No.1, pp.64-96,
2003.

Hartmut Surmann, Andreas Niichter and Joachim Hertzberg: “An
Autonomous Mobile Robot with a 3D Laser Range Finder for 3D
Exploration and Digitalization of Indoor Environments,” Journal of
Robotics and Autonomous Systems, Vol.45, pp.181-198, 2003.
Atsushi Yamashita, Kazutoshi Fujita, Toru Kaneko and Hajime Asama:
“Path and Viewpoint Planning of Mobile Robots with Multiple Ob-
servation Strategies,” Proceedings of the 2004 IEEE/RSJ International
Conference on Intelligent Robots and Systems (IROS2004), pp.3195—
3200, 2004.

Torea Foissotte, Olivier Stasse, Adrien Escande, Pierre-Brice Wieber
and Abderrahmane Kheddar: “A Two-Steps Next-Best-View Algo-
rithm for Autonomous 3D Object Modeling by a Humanoid Robot,”
Proceedings of the 2009 IEEE International Conference on Robotics
and Automation (ICRA2009), pp.1159-1164, 2009.

Paul S. Blaer and Peter K. Allen: “View Planning and Automated
Data Acquisition for Three-Dimensional Modeling of Complex Sites,”
Journal of Field Robotics, Vol.26, No.11-12, pp.865-891, 2009.
Paul J. Besl and Neil D. McKay: “A Method for Registration of
3-D Shapes,” IEEE Transactions on Pattern Analysis and Machine
Intelligence, Vol.14, No.2, pp.239-256, 1992.

Oussama Khatib: “Real-Time Obstacle Avoidance for Manipulators
and Mobile Robots,” International Journal of Robotics Research,
Vol.5, No.1, pp.90-98, 1986.

C. I. Connolly and J. B. Burns and R. Weiss: “Path Planning Using
Laplace’s Equation,” Proceedings of the 1990 IEEE International
Conference on Robotics and Automation (ICRA1990), pp.2102-2106,
1990.

Keisuke Sato: “Deadlock-Free Motion Planning Using the Laplace
Potential Field,” Advanced Robotics, Vol.7, No.5, pp.449-461, 1992.





