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Abstract This study presents a localization method based on the improved iterative closest point (ICP) algorithm to solve the
localization problems of mobile robots, such as low positioning accuracy and poor real-time positioning, in traditional 2D
environments. The algorithm begins by establishing a pose search space, which systematically explored layer-by-layer,
transitioning from lower to higher resolutions. To accelerate the search process and eliminate nonoptimal poses, partial point
cloud scanning matching was executed synergistically with multipoint cloud density. Adoption of the frame-to-image method by
the point cloud matching enabled the effective utilization of historical frame information. Further enhancements in positioning
accuracy were achieved through the sparse matrix pose optimization for obtained optimal pose. Tests conducted on the SLAM
Benchmark dataset show that the proposed algorithm is considerably more efficient, boasting a 1. 8-4. 9 times efficiency gain
over the popular Cartographer algorithm, and has less translation error. Real-world tests conducted on Turtlebot2 reveal that
the proposed method exhibits substantially fewer positioning errors than Cartographer and Gmapping, showing superior real-
time performance. Compared with the traditional adaptive Monte Carlo relocation (AMCL), the proposed method reduces
mean translation errors by 0. 035 m and mean rotation errors by 0. 001 rad, resulting in higher relocation accuracy.
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Table 1 Comparison of location estimation efficiency
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Table 2 Comparison of positioning estimation error

unit: m

Intel ACES MIT Killian Court
Method ) Translation ) Translation ) Translation
Translation error ) Translation error . Translation error )
variance variance variance
Proposed method 0.0181 0. 0008 0.0365 0.0012 0. 0583 0. 0049
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Table 3 RPLIDAR Al lidar parameter

Parameter Value
Measuring radius /m 0.15-12
Sampling frequency /10 8
Scanning frequency /Hz 5.5
Angular resolution /() <1
Scanned area /(°) 360

actual distance 1% (<3 m)
actual distance 2% (3-5m)
actual distance 2. 5% (5-12 m)

Accuracy of ranging
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Fig. 8 Relocation experiment. (a) Experimental environment; (b) distance image
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Table 4 Relocation error comparison

AMCL Proposed method
Parameter
2 /m y/m 6 /rad z/m y/m 0 /rad
Absolute value of max error 0.068 0.045 0.026 0.023 0.026 0.024
Absolute value of min error 0.017 0. 006 0. 005 0.001 0.002 0.002
Absolute value of mean error 0.045 0.028 0.013 0.010 0.012 0.012
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---=- Cartographer
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Fig. 10 Location estimation experiment. (a) Robot path; (b) positioning trajectory of different algorithms

S o 3E 3 ros A A SR SR A S AL g N 0
G B 20 B 10(b) BroR i £ o & 10(h) AR AR JE 50
BB ALA A2 3 (038 A5, AT DL B L S - T 2 07 1A 15
1) B AR TG B S PR AR 5 SE PR B I K
i 2% 5 1 BLAE 33 19 Cartographer 8 45 9E 47 € L B, £
XA & AT AR G LA, 78 0 R WK T 4 ARk
Gmapping B 17 58 7 B, 7™ B AR AR 3, A2 e Rt
W22, 5 IWALEE RAATEA X B R 2% . g

J7 0I5 S #EAT T M g PR LA B T R L
N SR B

T AT LIOKS B M R BT B Oy vk 5 A A
ML N B AL IR 208 5k Ay Oy ) B AR R R
2 [RVEF R 1 A B Ak K 38 8 ros A 1 A DL
B 10 WY 4 %00 0 B AE S IR STR I 42 B RE R o
150 s, e & iR Z MK 11 iR . AL AN iis 7 75
W H0.15m/se MK 1T LA W frid h ik B A

0.3 0.3 0.3
(@)
0.2r 02 02
0.1 0.1
£ £
& &
0.1 -0.1
0.2 - — a-axis error —02}
© 7~ y-axis error
= 50 100 150 03— 50 100 150 03
Time /s Time /s

11 @R R 22 o (a) Jri 77k (b) Cartographer; (¢) Gmapping
Fig. 11 Positioning accuracy error. (a) Proposed method; (b) Cartographer; (c) Gmapping
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Table 5 Comprehensive comparison of positioning errors among three algorithms

Maximum error  Average error

Location method

RMSE along Maximum error

Average error  RMSE along  Running

along r-axis /m  along x-axis /m  z-axis /m  along y-axis /m  along y-axis /m  y-axis /m time /s
Gmapping 0. 385 0.0786 0.1147 0.207 0.0819 0.0975 11.0
Cartographer 0. 156 0.0707 0. 0827 0.222 0.0713 0. 0894 13.3
Proposed method 0.2 0.0221 0.0357 0.133 0.0356 0. 0485 3.7
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