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[Abstract]

Existing XR-based excavation simulators rely on geometric terrain deformation and therefore struggle to accurately represent
irregular soil behavior. This study proposes COMSTRUCTION, a pipeline that captures and reconstructs terrain before and after
excavation using a sandbox, an Intel RealSense D455, and an RC excavator. The pipeline then compares measured and
geometrically simulated post-excavation terrain generated from the same initial conditions using pixel-wise height and volume
metrics. The results quantified differences between the irregular excavation boundaries and peripheral deformation observed in the
measured terrain and the relatively uniform cutting patterns produced by the simulation. These findings suggest that simple
geometric deformation may not fully reproduce actual excavation geometry under the tested conditions, providing a basis for

evaluating simulation accuracy and calibrating terrain deformation models.
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Algorithm 1. Geometric excavation procedure

Input: Height map H, bucket position P, bucket size (W, L)
Output: Updated height map H

1: | Define region Q based on P and (W, L)
Set h_bucket < P.y
for each point (x, z) in @ do
if H(x, z) > h_bucket then
H(x, z) < h_bucket
end if

end for

® N @ g & @ N

Apply Gaussian smoothing (o = 3) to H within Q
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Fig. 4. Comparison of baseline and Afterq, depth maps obtained from three repeated physical excavation phases
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Table 1. Mean height change and standard deviation in excavation and non-excavation ROIls by phase

T Excavation ROl Mean AH Excavation ROI Std Dev Non—excavation ROl Mean AH | Non-excavation ROI Std Dev
(mm) (mm) (mm) (mm)
1 +18.16 11.30 +3.84 8.71
+10.32 3.82 +13.86 9.62
3 +4.57 3.93 +4.41 6.17
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