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Abstract To address the issue of incomplete spatial environment information acquisition in traditional two-dimensional

(2D) light detection and ranging (LiDAR) mapping, we propose a mapping strategy that leverages the fusion of solid-state

LiDAR and 2D LiDAR using the Gmapping algorithm. First, we initiate a planar projection on the solid-state LiDAR

point cloud data. Subsequently, the resultant laser data are combined with the optimal particle trajectory within the

Gmapping algorithm to construct a grid map. This grid map is then integrated with the grid map carried by the optimal

particle, resulting in a fused map designed to identify spatial obstacles. To enhance mapping accuracy, we employe an

extended Kalman filter for the dynamic fusion of weights associated with the wheel odometer, laser odometer, and inertial

measurement unit. This approach addresses the challenges posed by reduced fusion odometer accuracy in scenarios

involving factors such as slippage or feature-matching failures of the laser odometer in environments with limited features.

Subsequently, we conducte testing experiments on the fused map and the fusion mileage calculation method. The

experimental outcomes demonstrate that the fused map effectively identifies spatial obstacles and the fused odometer

exhibits an average positioning accuracy improvement of 17. 0% compared to traditional methods.
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#1 RPLIDAR Al HfAZ %
Table 1 RPLIDAR Al parameter

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

1% of actual distance(<<3 m)
2% of actual distance(3-5m)
2.5% of actual distance(5-12 m)

Ranging accuracy

#2 HPS-3D160 A1k S %
Table 2 HPS-3D160 parameter

Parameter Value
0.25-3
(10% reflectance)
Measuring range /m
0.25-8
(90% reflectance)
Resolution ratio 160 X 60
FOV /(°X") 76 X 32
Ranging accuracy /cm + 2
Scanning frequency /Hz 35(max)
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Fig. 6 Experimental site

e

457

B 7 Bl NS AR X L

Fig. 7 Comparison of robot and obstacles
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Table 3 Odometer measurement results and error unit: m
Test No. Method A C D RMSE
Mark (5.43,2.58) (—3.86,10.00) (—3.86,—12.32) (0.00,0.00)
My _Odom (5.29,2.54) (—3.88,9.86) (—2.97,—12.00) (0.50,0.21) 0.55
Testl WO+IMU (5.30,2.44) (—4.18,9.78) (—2.83,—12.04) (0.32,0.22) 0.61
WO+LO+IMU (5.29,2.53) (—4.26,9.37) (—2.62,—12.01) (0.34,0.36) 0.78
Mark (5.49,2.37) (—3.86,9.64) (—3.86,—12.18) (0.00,0.00)
Test My_Odom (5.28,2.47) (—3.90,9.42) (—3.60,—11.98) (0.11,0.00) 0.24
WO-+IMU (5.29,2.38) (—4.02,9.32) (—3.19,—12.04)  (0.18,—0.05) 0.41
WO+LO+IMU (5.30,2.47) (—4.09,8.73) (—2.93,—12.70)  (0.29,—0.62) 0. 80
Mark (5.44,2.52) (—3.86,16.00) (—3.76,—4.50) (0.00,0.00)
Test 3 My_Odom (5.28,2.51) (—4.11,15.79) (—3.29,—4.09) (0.25,0.08) 0.38
WO+IMU (5.28,2.43) (—4.18,15.89) (—3.38,—3.96) (0.18,0.16) 0. 40
WO+LO-+IMU (5.28,2.52) (—4.29,14.66) (—3.23,—4.88) (0.33,—0.71) 0. 87
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Table 4 Average error of odometer measurement results unit: m

Method My_Odom WO-+IMU WO-+LO+IMU
Average RMSE 0.39 0.47 0.82
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