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Relative Localization Technology for Mobile Robot
Based on Laser Scan Matching

Qian Xiaoming' Zhang Hao' Wang Xiaoyong® Wu Xing'
(1. College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China
2. College of Mechanical Engineering, Nanjing Institute of Industry Technology, Nanjing 210023, China)

Abstract; Localization is a key problem of mobile robot in the field for robot navigation and control,
which directly affects the accuracy. A new relative localization method of point-point scan matching for
the mobile robot was proposed based on laser range finder to achieve the matching of complex environment
information under the continuous state by using the displacement theory of Fourier transform and Fourier —
Mellin invariant of similarity transformation. This method is inspired by the image matching and curve
matching domain, which is based on Fourier — Mellin transform method. Firstly, environmental
information was obtained in different continuous time of the robot; the previous state was set as a
reference scan and the latter state was set as the current scan. The mathematical model of relative
positioning parameter was established. Then, the dimension was reduced. The 1D Fourier — Mellin was
used three times continuously to get the rotational and translational increment. Thirdly, the comparative
experiment was carried out with a feature-feature method based on the extracted corner features. Finally,
the mobile robot path line was surveyed under an indoor environment and the laser data were collected for
simulating track circuit diagram which were compared with the real conditions of track circuit. The
experimental results further demonstrated the effectiveness, superiority and adaptability of the proposed
method. It is no need to extract features from environment and it also has high anti-noise and low
computational lost.
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Tab.1 Extracted feature-angular point coordinates
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Tab.2 Positioning results of corner feature extraction

5 Ax/m Ay/m A6/ (°)
1 0 0 0
2 -0.057 1 0.5165 9.74717
3 -0.0473 0.5385 10. 498 2
4 -0.0336 0.509 4 10.5755
5 -0.0956 0.422 6 28.269 2
6

(2) %} FA< 3 H 19 1D Fourier — Transform 45
T UCRC S A A AE R ), 4 1 — I Z1 O
IR MBI S % G, 5 — 2R 1
YT B ARG AT —— DL, & Ta ~Te fiF
71N, X TS B B P A A B R B A RS, H B Y
9 ot 0 A A AR B BE R AR B 1 Y
PRI RS, BE S B AF b A 2 P 5 A AL 45 R,
3 Fn o X T A RURHIE $ RO 2 7R S 35U
TR B RS AR T e A SEBRoR T A A 4R
BEA U RS ALBEOR o PR O T A X BRI 4 S
EHOR , OGER 15 314 4 B Y A R ALE 2
B ES Y IR L EARAE B RS o A ST
B 1% T A A L 5 R ) WA R E o7 Sl A
TR AR B AR B ) S PR E AR E . T HL

ARSCR A AN 32 BB 25 1 BR A 3 RS 3z,
Bl 7E T 7, A5 R AR AH 22 R IR BT R AT5 28 AT LR
A SO IR 7 6 e A, WL 8 i 7 i U i P P A
DT JE iy A r, AT LA D 5 0 B A A B A 1Y i £k
KRG E NS, R e FEIEAT AR T T, fe & 45 51
WA 3 s iYL A A, 5 S b o B X B, FEAR I 2
R AEVE AR T AR Pk 2 KB, AR SCRT iR ik
FETHR BB B BRI 3, AR BB A 8 e i, K
REEAR T R T S IR L o
#3 MAARTREECMLER

Tab.3 Positioning results of laser scan matching algorithm

F5 Ax/m Ay/m AO/(°)
1 0 0 0
2 0. 063 0.531 9.5
3 0. 054 0.559 10.5
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6 0.163 0. 498 21.5
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Tab.4 Trajectory estimation results
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Fig. 10  Track position estimation
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