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Background
Triangular Mesh I NeRF 3D Gaussians

Problem: Overlook physical properties of
generated 3D objects that are essential to
interactive and simulation-based scenarios.
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Background
a )

Problem:

1. Require manually assigned material parameters
2. Assume homogeneous material compositions
3. Follow a two-stage generation pipeline
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Question

-

How can we generate simulation-ready objects
with diverse material compositions that are
compatible in geometry, textures, and physical
properties?
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Challenges
1. Lack of available datasets that include detailed material parameters.
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Challenges

1. Lack of available datasets that include detailed material parameters
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Challenges

1. Lack of available datasets that include detailed material parameters.
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Challenges

1. Lack of available datasets that include detailed material parameters.
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Challenges

2. How to jointly model the interplay of shape and material in generation?

Regarding the material of backrest ...

{ Relatively soft materials ]—
?




Challenges

2. How to jointly model the interplay of shape and material in generation?

Regarding the material of backrest ...
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Challenges

2. How to jointly model the interplay of shape and material in generation?

Certain materials are associated with certain geometric structures.
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Material-annotated Dataset

"soil": {
_— "E”: )
"nu": 5
"phi": s
"mmid": "M5",
"elasticity”: "stvk", "planter_container": {
"plasticity"”: "drucker_prager", :E"i J
"mat_name": "soil 02", "”? : >
"mat_1id": sStgma_y - ’
} B "mmid": "M1",
"elasticity"”: "neo_hookean",
"plasticity”: "von _mises",
“plant™: { "mat_name": "metal 09",
"E": P "mat_id":
"nu": 5 }
A planter made of 3 parts: (1) "mmid”: "M3",
a brown with SpGCk'GS soil "elasticity": "fixed corotated",
T . "plasticity”: "identity",
|30|I, (2) a Ilg.ht gray metal ‘mat name": “plant 0@".
planter_container’, and (3) a "mat_id":

light green plant ‘plant’. )



Rendered Images Text Descriptions Query Prompts VLM Output
A chair made of 3 parts: Please choose the most
1 - - 1 suitable fine-grained
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wool, . . .] . .
o f h ----------------------------------------------------------------------------------------------------------------------------------
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Material-annotated Dataset

In total: 12 shape categories, 3K objects, 15K parts
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Material-annotated Dataset

Simulation Samples — Testcase: Drag
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Material-annotated Dataset

Simulation Samples — Testcase: Wind
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Generative Model
Overall Structure (VAE)

Input Representation Encoder KL Regularization Decoder @ Decoder Qutput Texture Enhancement
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Check our code

https://github.com/XJay18/SOPHY
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Auto-encoding Experiment

1. Comparison Methods
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Auto-encoding Experiment

2. Results

Metric | B. Dec. | w/o CA | Fused | SOPHY
M.B. Acc(%) 1| 71.04 | 92.77 193.23| 93.55
MAE-log(E) || 1.18 | 050 | 047 | 0.45
MAE-v(x107%) || 4.10 | 3.06 | 2.98 | 3.06
MAE-log(s) || 1.07 | 041 | 032 | 0.29
MAE-¢ (x1072) || 545 | 1.89 | 1.22 | 1.28
MAE-p || 0.16 | 0.14 | 0.13 | 0.09
Sim-CD (x107%) | | 53.84 | 17.47 |10.05| 8.72
MAE-¢(x107%) || 875 | 847 | 835 | 8.13
IoU(%) 1| 90.69 | 90.75 |90.66| 90.89
CD(x10"*% || 3.51 | 334 | 330 | 3.02
F-Score(%) 1| 93.65 | 93.77 |93.79 | 93.85




Drag a planter made of a plant, a
soil, a wood vase neck, and a
metal container.
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Limitation and Future Work

1. Limitation

« Our annotated dataset is currently a small-scale dataset.

« The considered test scenarios for material parameter verification may
still be insufficient to validate the annotation correctness

comprehensively.

* There is room for improvement in thin structure generation and texture
enhancement.



Limitation and Future Work
2. Future Work

« A more efficient/automatic pipeline for material parameter annotation.
 Consider improved shape/texture generation techniques.

e Consider the Finite Element Method for more accurate simulations



Thanks for watching!
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