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Abstract: In response to the challenges encountered in degraded environments with no GPS signals and limited
environmental texture features, this paper presents a Laser-based Simultaneous Localization and Mapping
(SLAM) method that leverages spatial geometric features. The proposed approach introduces a novel feature
point extraction technique based on spatial geometric characteristics, effectively utilizing spatial geometric
features present in degraded environments. By establishing constraints between points, lines, and surfaces, a
point cloud registration residual function is constructed, and optimization is performed using the Gauss-Newton
method for point cloud registration. The backend of the algorithm utilizes keyframes to build submap, achieving
precise pose estimations through map-to-map matching. Precise SLAM is achieved by interpolating and
merging poses between the front-end and back-end. Extensive experiments conducted in both simulated and
real-world degraded environments demonstrate the effectiveness of the proposed Laser SLAM algorithm. The
pose estimation error remains below 5% within a 20-meter range, outperforming Hector, Gmapping, and

Cartographer algorithms in mapping quality. Furthermore, the map update speed is, on average, four times

ks B H#: 2023-10-16 AENSE

HEETH: A% ERIH 5 THRI(B18052) ;H EH Mk K24 (AL )k 224 (2019JCA01); [ER B AR E 4 (42274194)
FEZR AN RE (2000—), F, WiLFsd, MHBEIHLIE A SLAM EVE%

BEESE: 8RN (1975—), %, BI#EE%, MWFHHERYEEEIIR S o 5L 5 N R i 50




2 P E B A SR Cik

faster than Hector, Gmapping, and Cartographer algorithms, making it a valuable technology reference for robot

environment perception and autonomous exploration in degraded environments.

Key words: laser simultaneous localization and mapping; feature extraction; environment perception; degraded

environment;
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Tab.1 Accuracy test results of laser odometer

True data Gmapping Hector Cartographer Our
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m °

2.5 10.0 2411 8.1 2.391 9.3 2.511 10.6 2.485 10.1

5.0 45.0 6.366 40.2 5.132 43.7 5.239 472 4.883 44.7

7.5 90.0 9.003 100.7 8.176 88.2 7.731 94.1 7.511 91.0

10.0 180.0 12.163 11.763 166.3 10.722 192.2 10.063 181.7

12.5 - 15.214 13.774 13.262 12.768

15.0 - 18.661 16.883 16.563 15.376

17.5 - 22.415 20.285 18.092 17.719

20.0 - 27.192 24.012 22.300 20.603
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Tab.2 Quantitative analysis for the length of degraded area on map
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Fig.11 Comparison of the four algorithms for actual large-scale environment mapping
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Tab.3 The time comparison about map updating and scan matching

WIS ek e S22 b P B T I /s AR I EC I /s
A 10 0.108 0.0068
Gmapping 10 0.51 0.1283

Hector 10 0.34 0.0105
Cartographer 10 0.47 0.0132
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