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3D Modeling System of Mobile Robot Based on Virtual Reality in
Real Environment
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Abstract Traditional virtual reality (VR) technology generates indoor three-dimensional (3D) map models using artificial
modeling, which has the challenges of slow speed and deviation between the model and real object scale. Therefore, this
study proposes a real environment 3D modeling system for mobile robots based on VR. First, the indoor high-precision
dense 3D point cloud map can be rapidly obtained by using visual simultaneous localization and mapping (SLAM)
technology. Second, the 3D point cloud can be reconstructed into the indoor 3D model through the surface reconstruction
algorithm and imported into unity 3D. Next, the indoor 3D model is placed in the 3D virtual environment with the VR
equipment’s aid. Finally, the relocation of the mobile robot to the indoor environment is achieved by visual SLAM
technology, and the pose of the robot in the model is mapped in real time to complete the interaction. Using visual SLAM
technology to build the 3D map model is quick, solves the problem of scene scale deviation, and attains the reuse of map.
Simultaneously, VR technology also allows operators to obtain a strong sense of immersion to better understand the
working environment of the robot.
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Table 1 Result comparison of visual SLAM system

RMSE /m
System
MHO1 MHO02 MHO03 MHO04  MHO5 V101 V102 V103 V201 V202 V203
ORB-SLLAM?2 0. 041 0. 048 0. 041 0.103 0. 056 0.096  0.065 0.085 0.057  0.058 —
OKVIS 0.160 0.220 0. 240 0.345 0.472 0.090 0.232  0.246  0.130  0.160  0.290
Proposed system 0.068 0.073 0.071 0. 087 0.060 0.085 0.061 0.064 0.052 0.174  0.140
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Fig. 3 Scene maps. (a) East side of the room; (b) south side of the room; (¢) west side of the room; (d) north side of the room
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Table 2 Parameter comparison of sampling models

Number ~ Number  Modeling
Method . .

of points  of faces time /s

COLMAP+OpenMVS 323524 568269 452. 24
OpenMVG+OpenMVS 246952 383671 326.52
Proposed method 60000 85632 63.62
Proposed method 30000 54166 36.46
Proposed method 10000 18027 22.32
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Fig.4 Comparison of model map conversion results. (a) Original point cloud; (b) result of COLMAP-+OpenMVS; (c¢) result of
OpenMVG+OpenMVS; (d) result of proposed method under 30000 point clouds; (e) result of proposed method under
10000 point clouds; (f) result of proposed method under 60000 point clouds
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Table 3 Time-consuming test of initial

positioning and relocation

Parameter Value
Initial positioning time /s 11. 868
Relocation time /s 17.5725
Relocation accuracy /m 0.31
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