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ABSTRACT

Triangle mesh is a common method in 3D computer graphics for representing an object's 3D
shape using vertex and triangle connectivity information on its surface. However, representing
the shape in high resolution often requires many triangles, resulting in increased computational
complexity and storage requirements. Mesh simplification aims to reduce the number of verti-
ces and triangles while minimizing shape information loss between the original mesh and the
simplified mesh. Existing methods typically rely on algorithms that iteratively remove vertices
or edges, potentially damaging shape information in specific areas, which varies depending on
the simplification criteria. In this paper, we introduce a backpropagation-based optimization
method to restore damaged shape information during mesh simplification. By setting the simpli-
fied mesh as the initial mesh and optimizing the offset vector for mesh transformation, we mini-
mize the distance between the sampled point cloud from the deformed mesh and the original
mesh. We conducted experiments on the TOSCA dataset and compared the shape similarity
between the results from QEM and ours. Results showed up to 6.36%, 7.7%, and 54.56%
improvements in Chamfer distance, forward and backward point cloud-mesh distances, respec-
tively. Our experiments demonstrate that our approach effectively restores shape information
without altering the number of triangles.
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Fig. 1. QEM simplification result. N, is the number of triangles of result mesh, N, is the number of triangles of
original mesh. Most left is original mesh and most right is simplified mesh with 0.05 ratio
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Table 1. Quantitative comparison between QEM and proposed method. N, is the number of triangles of result mesh,
N, is the number of triangles of original mesh. In each case, the best method is highlighted in bold. Except improvement
ratio, all numbers in the table are multiplied by 10°

Vethod NNy = 0.05 NNy = 0.1 Nu/Nyg = 0.2 NNy = 0.5
cD |[FPMD|BPMD| CD [FPMD|BPMD| CD |[FPMD[BPMD| CD |FPMD |BPMD

QEM 376 | 3.03 | 320 | 332 | 163 | 148 | 321 | 085 | 098 | 3.16 | 056 | 0.80
Proposed | 352 | 279 | 145 | 326 | 158 | 1.02 | 319 | 084 | 0.86 | 3.16 | 056 | 0.79
Inlg’;‘i’:e(f/‘o‘;m 636 | 770 | 5456 | 1.79 | 3.13 | 3087 | 051 | 1.17 | 114 | 0.02 | -042 | 0.69

Fig. 4. Visualization of signed distance between each result (V,.,/N,,,= 0.05) and original mesh. Upper row is the QEM
result, Lower is the result of the proposed method. Red and blue areas denote regions far from the original mesh,
signifying damaged shape. Green areas indicate close proximity to the original shape, showing minimal deviation
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Table 2. Quantitative comparison between proposed method with and without the use of the CD regularization term. In
each case, the better method is highlighted in bold. Except improvement ratio, all numbers in the table are multiplied

by 10°

Vethod NNy = 0.05 Noo/Nyg= 0.1 NNy = 02 NNy = 0.5

etho

cp |rpMD|BPMD| cD |FPMD|BPMD| cD [FPMD|[BPMD| cD |FPMD]|BPMD

Proposed 13 3 | 283 | 156 | 328 | 158 | 1.04 | 320 | 084 | 087 | 317 | 056 | 079
(wo CD reg.)

Proposed 13 o5 | 270 | 145 | 326 | 158 | 1.02 | 3.9 | 084 | 086 | 316 | 056 | 0.79
(w CD reg.)
Improvement| ) o7 | 4 14 | 690 | 0.56 | 042 | 204 | 030 | 023 | 0.68 | 0.03 | -004 | 0.10
Ratio (%)
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