














Mean time vs. fetaures per submap
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Fig. 7. Computational time required to fulfil the whole mission. The

upper curve is the maximum time among all the experiments with a certain
number of features per map. The lower curve is the minimum time, and
the intermediate is the mean time. The cross shows the lowest time in the
mean curve.
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Fig. 8. The lowest mission times occur when the threshold for the number
of correspondences is approximately 40% and 50% the number of features
per submap. The region in grey corresponds to configurations that produced
minimum mission time.

is made on the basis that fusing two maps that share many
landmarks will produce a better update than fusing two maps
that only share few landmarks. The experiments show a
reduction of the effects of the linearisation error and also
a more precise reconstruction of the map since the drift suf-
fered in shorter distances is smaller and the data association
can be more robustly solved. In addition, different parameters
involved with the algorithm have been analysed, driving us
to the conclusion that in order to obtain a good compromise
between computational cost and map consistency, the best
map size should be between ten and fifteen. Furthermore,
the best performance was obtained when the threshold used
to decide whether to fuse local maps was set near 50% of
the total map size.

Future work is intended to integrate this method with
vision sensors together with scan matching techniques. The
proposed approach will be used as the module to localize
the AUV position and to build an accurate 3D map of the
seabed.

ACKNOWLEDGMENTS

The authors gratefully acknowledge the contribution of
the Ocean Systems Lab members for its advices on how to
acquire and process side-scan sonar data. The authors also

acknowledge the support of the research project DPI-2007-
66796-C03-02 funded by the Spanish Ministry of Science
and Innovation. J. Aulinas holds a University of Girona
scholarship (BR-07/03).

REFERENCES

[1] H. Durrant-Whyte and T. Bailey, Simultaneous localization and map-
ping (SLAM): Part I, IEEE Robotics and Automation Magazine, vol.
13, num. 2, pp 99-108, 2006.

[2] J. D. Tardés, J. Neira, P. M. Newman, and J. J. Leonard, Robust
mapping and localization in indoor environments using sonar data,
International Journal on Robotics Research, vol. 21, num. 4, pp. 311-
330, 2002.

[3] L. M. Paz, J. D. Tardés, and J. Neira, Divide and conquer: EKF
SLAM in O(n), IEEE Transaction in Robotics, vol. 24, num. 5, pp.
1107-1120, 2008.

[4] C. Estrada, J. Neira, and J. D. Tardds, Hierarchical SLAM: real-
time accurate mapping of large environments, IEEE Transaction in
Robotics, vol. 21, num. 4, pp. 588-596, 2005.

[5] P. Piniés and J. D. Tardés, Scalable SLAM building conditionally inde-
pendent local maps, IEEE/RJS International Conference on Intelligent
Robots and Systems, pp. 3466-3471, 2007.

[6] M. Carreras, P. Ridao, R. Garcia, and T. Nicosevici, Vision-based
localization of an underwater robot in a structured environment, IEEE
International Conference on Robotics and Automation, 2003. ICRA
03, vol. 1, pp. 971-976, 2003.

[71 A. Caiti, A. Garulli, F. Livide, and D. Prattichizzo, Localization of
autonomous underwater vehicles by floating acoustic buoys: a set
membership approach, IEEE Journal of Oceanic Engineering, vol. 30,
no. 1, pp. 140-152, Jan. 2005.

[8] M. Erol, L. Vieira, and M. Gerla, AUV-aided localization for underwa-
ter sensor networks, International Conference on Wireless Algorithms,
Systems and Applications (WASA 2007), pp. 44-54, Aug. 2007.

[9] L.L. Whitcomb, D.R. Yoerger, and H. Singh, Combined Doppler/LBL
based navigation of underwater vehicles, International Symposium
on Unmanned Untethered Submersible Technology, Durham, New
Hampshire, May 1999.

[10] F. Maurelli, S. Krupinski, Y. Petillot, J. Salvi, A Particle Filter
Approach for AUV Localization, MTS/IEEE OCEANS, OCEANS’08,
Quebec City (Canada) September 15-18, 2008

[11] S. Thrun, D. Burgard and W. Fox. Probabilistic Robotics, MIT Press,
2005. ISBN-10: 0-262-20162-3.

[12] R. Smith, M. Self, and P. Cheeseman, A Stochastic map for uncertain
spatial relationships, 4th International Symposium on Robotics Re-
search, O. Faugeras and G.Giralt (Editors), the MIT Press, pp. 467—
474, 1988.

[13] J. E. Guivant and E. M. Nebot, Optimization of the simultaneous
localization and map-building algorithm for real-time implementation,
IEEE Transaction on Robotics and Automation, vol. 17, num. 3, pp.
242-257, 2001.

[14] E. Wan and R. van der Merwe, Kalman Filtering and Neural Networks,
Chapter 7: The Unscented Kalman Filter. Wiley, 2001. ISBN: 978-0-
471-36998-1.

[15] M.R. Walter, R.M. Eustice and J.J. Leonard, Exactly sparse extended
information filters for feature based SLAM, International Journal of
Robotics Research, vol.26, num. 4, pp 335-359, 2007.

[16] J.J. Leonard and H. J. S. Feder, A computationally efficient method for
large-scale concurrent mapping and localization, Robotics Research:
The 9th International Symposium, D. Koditschek and J. Hollerbach
(Editors), Springer Verlag, pp. 169-176, 2000.

[17] S. B. Williams, G. Dissanayake, and H. Durrant-Whyte, An efficient
approach to the simultaneous localisation and mapping problem, IEEE
International Conference on Robotics and Automation, vol. 1, pp. 406—
411, 2002.

[18] P.M. Newman and J.J. Leonard, Consistent, convergent, and constant-
time SLAM, International Joint Conference on Artificial Intelligence
(IICAI), pp. 1143-1150, 2003.

[19] M. Bosse, P. M. Newman, J. J. Leonard, and S. Teller, SLAM in large
scale cyclic environments using the atlas framework, International
Journal in Robotics Research, vol. 23, num. 12, pp. 1113-1139, 2004.

[20] J. Neira and J.D. Tardds, Data Association in Stochastic Mapping
Using the Joint Compatibility Test, IEEE Transaction on Robotics and
Automation, vol. 17, num. 6, pp. 890-897, Dec 2001.

2557





