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Abstract Wheel odometry often does not perform as well as expected on complex surfaces, uneven surfaces, and smooth
ground. At the same time, the traditional laser scan matching method does not always correctly correlate the relationship
between point clouds, and thus is likely to have abnormal point-to-point correlation, which leads to bad localization
accuracy. To solve this problem, a laser scanning matching method based on directional endpoints is proposed. First, we
extract straight-line endpoints from the environment as the feature points, and then use the feature matching between the
endpoints to obtain the relative pose relationships of the mobile robots in adjacent moments. The directional endpoints are
used to eliminate the mismatched feature points to further improve the matching accuracy. Hence, the iterative closest
point method is used to further optimize the matching results of the directional endpoints to obtain a better localization
result of the mobile robot. The experiment results show that the method achieves an average localization error and an
average angle error of 0.12 m and 1. 18", respectively, in an indoor environment of 7 m X7 m, which is superior in
accuracy compared with the traditional laser scan matching algorithm.
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Fig. 2 Schematic diagram of line endpoint scanning matching
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Table 1  Average absolute localization error of mobile robot under different constraints (experiment 1)

Distance threshold between points and lines

. 0.0l m 0.04 m 0.07m 0.10 m
Constrain /m
Position Angular Position Angular Position Angular Position Angular
error /m error /(%) error /m error /(°) error /m error /(%) error /m error /(°)
0.5 9. 84 55. 84 9.53 53.16 3. 86 48. 54 10. 81 63. 38
1.0 1.13 11.49 0.95 8.87 1.12 12.41 1. 00 11.61
2.0 1.21 9.08 0.90 5.16 1.01 7.86 0.93 7.81
3.0 1.28 10.12° 1.31 7.84° 1.41 10. 46° 1.40 10. 57°
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LSS W R AT BORIE N o P2 DAL SRR B OB i) 2 o A5 0 B B0 A0 24 SR P 3 4 R /D, SO

iy 0.5 m B, 8E/MO R LR BA TR BILIN ey g m apsse T sont i R 0P (520 1)
AR (HJ 15 A2 I 7 R A i SR AR R 2 KD, R 8L Table 2 Average absolute localization error under different
AH X A7 35 70 46 1) SR Mg 3 I 8 R 18 22, 28 7 Jmy 38 DX 3 nearest neighbor constraints (experiment 1)
DC T 2 T 5 224 B B 24 o 14 ¥ 4 K s, DE T ) o a5 R AIE Constraint . Angular
L% FRRILE B %, SEGH RN (disance: 2m) "M )
SR A R R, N R E D 2 m i AT LA O Angular 50° 0.56 3.82
U1 B PLRR Angular 75° 0.57 3.85

BE TR B 29 AN e AR AT 18 R AR REAT Bt AR IR Angular 100° 0.50 2.20
Ui 1 22 () A TE A DG TRC , S st ) 7 T) RT DA by dic I 4R 29 B Angular 125° 0.54 2.69
FAF AR DIBRIRVCIC 5 o 24 il S8 B B B 29 SR Angular 150° 0.57 2.61
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Fig. 5 Error curves(experiment 1). (a) Absolute position error curve; (b) absolute angle error curve
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Fig. 6 Point cloud registration graphs. (a) Source point cloud line detection results; (b) target point cloud line detection results;

(c) endpoint matching; (d) directional endpoint matching
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Fig. 7 Trajectories (experiment 1). (a) Trajectory of mobile robot with different nearest neighbor constraints; (b) trajectory of mobile

robot with different estimation methods
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Table 3 Average value of absolute positioning error under

different estimation methods (experiment 1)

Estimation method Position Angular
(distance: 2 m, angle:100") error /m error /(°)
Endpoint matching 0.90 5.16
Directional endpoint 0. 50 2.20
ICP 0.22 1.19
Odometer 0.33 4.52
Directional endpoint +ICP 0.12 1.18
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Table 4 Average value of positioning error between adjacent

frames under different estimation methods (experiment 1)

Estimation method Position Angular
(distance: 2 m, angle:100°) error /m error /(°)
Endpoint matching 0.048 0.39%4
Directional endpoint 0.044 0.358
ICP 0.013 0.152
Directional endpoint +ICP 0.011 0.151
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Fig. 8 Experimental scenario 2
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Fig. 9 Trajectories (experiment 2). (a) Trajectory of mobile robot with different nearest neighbor constraints; (b) trajectory of mobile

robot with different estimation methods
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Table 5 Average value of absolute positioning error under

different estimation methods (experiment 2)

Estimation method Position Angular
(distance: 2 m, angle:100") error /m error /(°)
Endpoint matching 1.29 13.79
Directional endpoint 0.63 5.87
1ICP 0.47 2.36
Odometer 0.49 4.31
Directional endpoint +ICP 0.35 1.27

F 6 RO A 4 DT Bk F R 1 AR
Table 6 Time consumption of different laser scanning

matching algorithms

Estimation method Time consumption /ms

Endpoint matching 85.5
Directional endpoint 85.3
ICP 248.6
Directional endpoint +ICP 329.5
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