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Simultaneous Localization and Mapping Using Laser Data and Unscented
FastSLAM with Scan Matching
Marzieh Zamani Alavijeh, Shahram Hadian Jazi
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Simultaneous localization and mapping (SLAM) is a fundamental problem in autonomous robotics.
Received 08 February 2016 Many algorithms have been exploited to solve this problem, among these algorithms, FastSLAM is one
Accepted 19 May 2016 of the most widely used and Unscented FastSLAM is one of the newest. Although in several scientific

Available Online 22 June 2016 researches it is stated that Unscented FastSLAM outperforms FastSLAM, there are still unexamined

potentials regarding Unscented FastSLAM. Therefore, this paper seeks to improve the overall

Keywords: . .

Simultaneous localization and mapping perfqrmqnce of Unscente_d FastSLAM. Map accuracy and quallty dlrec_tly depgnd on t_he accuracy of
Unscented FastSLAM algorithm :ﬁcallzatlont a(?d (_)bsetrr\]/at(qupfs. In SLbAtM algorlthn;s,trobot pgse is pt:edlcbted us(;nfg TotlonAmodeI, ami
Laser _ en corrected using the difference between map features and recently observed features. Accuracy o
Scan Matching pose estimation may improve by comparing two sequential observations and modifying robot pose to

result in best match between them. This method is called scan matching and has been successfully
combined with FastSLAM algorithm and some other SLAM algorithms not including Unscented
FastSLAM. Therefore, this paper seeks to investigate the performance of Unscented FastSLAM
combined with scan matching. Simulation results show that combining Unscented FastSLAM with scan
match significantly improves accuracy of localization and mapping.
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® Scan Matching
® Iterative closest point (ICP)
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! Kalman Filter (KF)

? Extended Kalman Filter (EKF)

® Rao-Blackwellized Particle Filter (RBPF)
* Unscented Kalman Filter (UKF)

® FastSLAM (FS)

® Unscented FastSLAM (UFS)

" FastSLAM 2.0
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Fig. 1 Indoor environment and robot path simulated in MATLAB
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Fig. 2 Simulation Data: Feature map, true path and estimated path by
Unscented FastSLAM
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Simulation Data:
Grid Map by Unscented FastSLAM with Scan Matching
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Fig. 5 Simulation Data: Grid map by Unscented FastSLAM with scan
matching
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Unscented FastSLAM: Position Error over time
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Fig. 6 Position and heading estimation error over time
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Fig. 3 Simulation Data: Grid map by Unscented FastSLAM
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Simulation Data:
Feature Map by Unscented FastSLAM with Scan Matching
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Fig. 4 Simulation Data: Feature map, true path and estimated path by
Unscented FastSLAM with scan matching
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Laser Data:
Feature Map by Unscented FastSLAM
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Fig. 7 Experimental Data: Feature map and estimated path by
Unscented FastSLAM
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Table 2 Simulation data: Execution time of Unscented FastSLAM for
100 scans
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Laser Data:
Grid Map by Unscented FastSLAM with Scan Matching
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Fig. 10 Experimental Data: Grid map by Unscented FastSLAM with
scan matching

By &0 pais o2 oSl Loy (gonaSid addi [ alisle;l eols 10 gso

g Bkl b b, e

S5 s g )0 patd 10,580 gl e 2BlesT eols 3 Jgur

sy ve sl
Table 3 Experimental data: Execution time of Unscented FastSLAM
for 100 scans
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Fig. 8 Experimental Data: Grid map by Unscented FastSLAM
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Laser Data:
Feature Map by Unscented FastSLAM with Scan Matching
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Fig. 9 Experimental Data: Feature map and estimated path by both
Unscented FastSLAM algorithms

90,8 Lawgi 0dd 00 pees s i Sy 4t [ alKisle;] eols 9 U

SR 09N g (51 paddi oy 55l

F8 5l pSH,b g in o b baj e onds cely ciugr 3ldail a5 0o o
"9 IS jo aileas el asss o B 5l 5 el 5o wlge gl g
gl 90y Langs 0dd 03)0meB e g Lne (Shy a2E p ogdle
ol 00 o0ls lis
& &0 paddis sloei )55l (3lwesly loy 3 Joaz 50 (rizees
5 ! 00 ob)jj k.)"""_‘ 100 le)_l ) (513‘5 )).J ool $9) kﬁlﬁo) 9N
4 by oS S (e 51 %89 cadgl obo, (9% @ (sl et
mpiyesdl o ley G ol a5 Jle o ps el aosls bLsl al>

WWW. SbE2.ir


www.sid.ir

65> UL pluh 9 Axigle Slo) dwd po

g BLdail b (L3 )09s 2w SIS jaduluits (9) 9 )34 0313 jl oslaiwml b ylo) ed (LU 9 SIS yrduiaits

FastSLAM2. 0, and UKF-based FastSLAM algorithms, Proceeding
of 16th International Conference on Intelligent Engineering
Systems (INES), Lisbon, Portugal: IEEE, pp. 37-43, 2012.

D. Hahnel, W. Burgard, D. Fox, S. Thrun, An efficient FastSLAM

algorithm for generating maps of large-scale cyclic environments

from raw laser range measurements, Proceeding of IEEE/RSJ

International Conference on Intelligent Robots and Systems, Las

Vegas, USA: IEEE, pp. 206-211, 2003.

[10]G. Michalicek, D. Klimentjew, J. Zhang, A 3D simultaneous
localization and mapping exploration system, Proceeding of IEEE
International Conference on Robotics and Biomimetics (ROBIO),
Phuket, Thailand: IEEE, pp. 1059-1065, 2011.

[11]J. Rowekamper, C. Sprunk, G. D. Tipaldi, C. Stachniss, P. Pfaff,
W. Burgard, On the position accuracy of mobile robot localization
based on particle filters combined with scan matching, Proceeding
of IEEE/RSJ International Conference on Intelligent Robots and
Systems (IROS), Algarve, Portugal: IEEE, pp. 3158-3164, 2012.

[12]T. Furukawa, L. Dantanarayana, J. Ziglar, R. Ranasinghe, G.
Dissanayake, Fast global scan matching for high-speed vehicle
navigation, Proceeding of IEEE International Conference on
Multisensor Fusion and Integration for Intelligent Systems (MFI),
San Diego, USA: IEEE, pp. 37-42, 2015.

[13]Z. Zheng, Y. Li, LIDAR data registration for unmanned ground
vehicle based on improved ICP algorithm, Proceeding of 7th
International Conference on Intelligent Human-Machine Systems
and Cybernetics (IHMSC), Hangzhou, China: IEEE, pp. 554-558,
2015.

[14]P. J. Besl, N. D. McKay, Method for registration of 3-D shapes,
IEEE Transactions on Pattern Analysis and Machine Intelligence,
Vol. 14, No. 2, pp. 239-256, 1992.

[15]A. S. Mian, M. Bennamoun, R. Owens, Three-dimensional model-
based object recognition and segmentation in cluttered scenes,
IEEE Transactions on Pattern Analysis and Machine Intelligence,
Vol. 28, No. 10, pp. 1584-1601, 2006.

[16]A. S. Mian. icp2, Accessed on 16 December 2015;
http://staffhome.ecm.uwa.edu.au/~00053650/code/icp2.m.

[17]T. Bailey. SLAM Package of Tim Bailey, Accessed on 16
December 2015; https://openslam.org/bailey-slam.html.

[18] C. Kim, Unscented FastSLAM, Accessed on 16 December 2015;
https://openslam.org/ufastslam.html.

[9

[r]

225

el gl o oSl 51 2aS %75 adly iole]

S g pus-6
ouSzily amd iy Sig il 9 SSL, oli;:.g.uﬂ 3l oY epl o

B g udige Bl ol 5 Oltol coio oRuily Sl waige
9 R LS 9590 Laze g ULl 4 )3 &yde 6)eR o 4 (o

5 a3

el

[1] R. Chatila, J. P. Laumond, Position referencing and consistent
world modeling for mobile robots, Proceeding of IEEE
International Conference on Robotics and Automation, Silver
Spring, USA: IEEE, pp. 138-145, 1985.

[2] C. G. Harris, J. Pike, 3D positional integration from image
sequences, Image and Vision Computing, Vol. 6, No. 2, pp. 87-90,
1988.

[3] R. Smith, M. Self, P. Cheeseman, Estimating Uncertain Spatial
Relationships in Robotics, pp. 167-193, New York: Springer, 1990.

[4] A. Doucet, N. De Freitas, K. Murphy, S. Russell, Rao-
Blackwellised particle filtering for dynamic Bayesian networks,
Proceeding of the Sixteenth Conference on Uncertainty in Artificial
Intelligence, San Francisco, USA: Morgan Kaufmann Publishers,
pp. 176-183, 2000.

[5] R. Martinez-Cantin, J. Castellanos, Unscented SLAM for large-
scale outdoor environments, Proceeding of IEEE/RSJ International
Conference on Intelligent Robots and Systems, Edmonton, Canada:
IEEE, pp. 3427-3432, 2005.

[6] M. Mantemerlo, S. Thrun, D. Koller, B. Wegbreit, FastSLAM: A
factored solution to the simultaneous localization and mapping
problem, Proceeding of the AAAI National Conference on Artificial
Intelligence, Edmonton, Canada: AAAI, pp. 593-598, 2002.

[7] C. Kim, R. Sakthivel, W. K. Chung, Unscented FastSLAM: a
robust and efficient solution to the SLAM problem, IEEE
Transactions on Robotics, Vol. 24, No. 4, pp. 808-820, 2008.

[8] Z. Kurt-Yavuz, S. Yavuz, A comparison of EKF, UKF,

6 o lots 16 0755 1395 55 st AN Adbles Sh bid


www.sid.ir

