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Abstract Recent advancements in virtual reality (VR) and robotics have increased interest in integrating
physical and virtual environments. Point cloud data from cameras and LiDAR are essential for capturing
3D environmental details. This study proposes a ray-casting-based method for generating real-time
point cloud data, enabling efficient virtual environment exploration. The agent prioritizes unexplored
regions by analyzing point cloud density, separates ground and obstacles using RANSAC, and plans
paths with the A" algorithm and Catmull-Rom splines. Implemented in Unity, the method supports
real-time processing without complex preprocessing. Experiments confirm its effectiveness, highlighting

its potential for various applications.
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[Fig. 1] Point Cloud Generation Employing Raycasting
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[Fig. 2] Ground Plane and Obstacle Differentiations
(Green point : floor, Red point : Obstacle)
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[Fig. 3] Path Estimation from Target and Point Cloud
Data
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[Fig. 4] Catmull-Rom Spline Algorithm for Waypoint
Designation
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[Fig. 5] Scanning the Space from Multiple Perspectives
(Left: Front View, Right: Top View)
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[Fig. 6] Point Cloud Generation and Distribution
Along Waypoint Paths
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[Fig. 7] Exploring the Space to Increase Point Cloud
Density
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[Fig. 8] Coordinate and Point Cloud Distribution
Determined Around the Agent
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[Fig. 9] Path Realignment Using Global Coordinates
(Left: Original, Right: Adjusted)
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(Table 1) Experimental Procedure

Initialize Environment:
Create a virtual environment using the Unity engine.
Deploy the agent at the starting position.
Start Exploration:
Begin the agent’s exploration task.
Data Collection:
while the agent is moving do
Generate point cloud data.
Collect and store the generated data.
end while
Divide Space into Voxel Grid:
Divide the virtual environment into a 6 x 6 x 6 voxel grid.
Calculate Density:
for each voxel in the grid do
Compute the density of point cloud data in the voxel.
if density { threshold then
Mark the voxel as a low-density area.
end if
end for
Generate Path:
Create a path that prioritizes the exploration of low-density voxels.
Exploration Task:
for each waypoint in the generated path do
Move the agent to the waypoint.
Update point cloud data during movement.
end for
Terminate Experiment:
if goal is achieved OR failure conditions are met then
Stop the exploration.

end if
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[Fig. 10] Virtually Simulated Environment Implemented
Using Unity (Left : Normal Area, Right :
Expended Area)
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[Fig. 11] Path Planning Through Density Analysis
Using Voxel Grid
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[Fig. 12] Density Map of Point Clouds Generated by
Movement Path
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(Table 2) Experimental Results Table by Episode

Area (%) | Obs. Cols. l:}]h Time(s)
1 95 14 0 59 267
2 94 14 0 57 270
3 96 14 1 63 264
4 92 14 0 53 250
5 94 14 0 55 253
6 93 14 0 56 256
7 90 14 0 52 242
8 89 14 0 48 263
9 85 14 0 61 263
10 94 14 0 118 723
" 96 23 1 125 755
12 95 23 0 12 741
13 95 23 0 117 728
14 98 23 1 130 750
15 94 23 0 117 718
16 88 23 0 110 714
17 94 23 0 114 728
18 92 23 0 121 724
19 95 23 0 107 712
20 96 23 0 122 726
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[Fig. 14] Distribution Map of Increased Density
Across the Entire Explored Space
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[Fig. 15] Large Voids Unaffected by Point Cloud
Formation
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[Fig. 16] Isolation Due to Failure in Identifying
Exploratory Regions
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