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Objective

To automate UV mapping in 3D content creation in a
way that satisfies the properties required by
downstream tasks (e.g., texture synthesis), with the
goal of accelerating and simplifying the workflows
of UV/layout and 3D modeling artists

Advantages Our Method Offers

* Semantic-Awareness: 2D UV charts are alighed
with meaningful 3D mesh surface regions so textures
stay coherent and transferable across shapes

Visibility-Awareness: Cutting seams are positioned
In less visible areas to minimize noticeable artifacts
after texturing and rendering

Train an MLP Backbone To Jointly
Core ldea: | eam Geometry-Preserving and
Perceptual Properties

1- Geometry-Preserving Objective Learning

Similar to [1], we formulate bijectivity, isometricity,
conformality, and equiareality as differentiable objectives
and train an MLP to minimize their weighted sum.

2- Perceptual Objective Learning

e Semantic-Aware UV: Segment mesh into semantic 3D
parts using Shape Diameter Function [2], learn a geometry-
preserving UV for each part with the same MLP as in (1),
and merge the resulting charts into one unified UV atlas.

o Visibility-Aware UV: Use Ambient Occlusion (AO) [3] as a
proxy for viewer exposure to encourage seam placement in
low-visiblility regions.
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Step 1: Semantic 3D Partitioning

] [ Step 2: Geometry-Preserving UV Learning ] [Step 3: UV Atlas Aggregation & Packing ]
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Visibility-Aware UV Parameterization Learning

@ Compute per-vertex AO values on the input mesh

@ Extract UV boundary points corresponding to cutting seams
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@ Minimize the AO-weighted average over the associated 3D vertices
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if the ray starting at p in direction w does not intersect the surface (unoccluded)
otherwise (occluded)

\ The binary visibility function Vp, w) measures whether direction w is
visible from a point p on the mesh surface with unit normal vector n(p)

/ V(p,w) (n(p)-w) dw —>
T JQt(p)

By this convention, AO(p) = 1 indicates

a fully exposed point (no occlusion) and
AOQOp) = 0 indicates a fully occluded point

@ Apply a base UV-parameterization backbone to obtain candidate UV islands «

Intuitively, the bi-directional cycle mapping [1] enforces that projecting a 3D surface patch into
2D UV coordinates and re-projecting those UVs back onto the 3D mesh yields the original data.
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Simulation Results Comparison of Semantic-Aware
UV Parameterization
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Quantitative Comparison of Semantic-Aware UV Parameterization

Method Semantic Awareness Conformality T Equiareality T Inference Time (sec) |
Hamming Distance | Rand Index 1 User StUdy Wlth 45 Expert PartICIpantS
xatlas [5] 0.8896 0.7023 0.9792 0.9341 12
Blender [7] 0.8634 0.7173 0.9289 0.9023 <1 Method Expert User Preference Percentage
Maya [6] 0.8615 0.7125 0.9272 0.8746 <1  hilitu. .
FlexPara (Multi-Chart) [1] 0.5980 0.6902 0.9592 0.7606 2 Visibility-Awareness Evaluation
Ours - Semantic-Aware Param 0.3188 0.8151 0.9123 0.6707 15 OptCuts [4] 1.48 %
Ours - Semantic+Visibility-Aware Param 0.3212 0.8087 0.9153 0.6369 15 FlexPara (single-Chart) [1] 4.81 %
Ours - Visibility-Aware Param 93.70 %
Quantitative Comparison of Visibility-Aware UV Parameterization Semantic-Awareness Evaluation
.« ey epe . . . . tlas [5 2.66 %
Method Visibility | Conformality 1 Equiareality T Time (s) | E? o I?(Sl e[ - ][7] 533 U/Z
OptCuts [4] 0.7855 0.9341 0.8934 240 Autodesk Maya [6] 8.44 %
FlexPara (Single-Chart) [1] 0.8604 0.9097 0.6759 2 FlexPara (multi-Chart) [1] 3.33 %
Ours - Semantic-Aware Param 80.22 %

Ours - Visibility-Aware Param 0.6065 0.9175 0.6093 2
Ours - Semantic+Visibility-Aware Param  0.6534 0.9153 0.6369 15
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