
Can 3D Generative Models Help 3D Assembly?

ICML 2026

Zeyu Jiang*, Sihang Li*, Siqi Tan†, Chenyang Xu†, Juexiao Zhang,
Julia Galway-Witham, Xue Wang, Scott A. Williams, Radu Iovita,
Chen Feng§, Jing Zhang§



2

3D Assembly

Can 3D Generative Models Help 3D Assembly?

Fossil LEGO Toy

IKEA
Furniture Broken

Item



3

3D Assembly
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3D Assembly: Path to Physical Spatial Intelligence
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1. Wang, Penghao, et al. "Partnext: A next-generation dataset for fine-grained and hierarchical 3d part understanding." NeurIPS(2025).
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However
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• There are always missing parts: conservators 
often infer absent regions from the available 
fragments and perform gap-filling to restore a 
plausible, complete form.
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Could 3D assembly and generation be unified?

Can 3D Generative Models Help 3D Assembly?

• Challenge 1: How to infer the global shape across diverse object categories.

• Challenge 2: a shared latent space that can embed an unordered set of variable-
size, partial, and noisy fragments into a representation for both assembly and generation

• Challenge 3: effective bidirectional information exchange
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Challenge 1: Infer the Global Shape
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3M Large-scale Object Dataset 

Pretrained TripoSG Model

Li, Yangguang, et al. "Triposg: High-fidelity 3d shape synthesis using large-scale rectified flow models." IEEE Transactions on Pattern Analysis and Machine Intelligence (2025).
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Challenge 2: Shared Latent Space
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Shared VAE for Fragment Embedding

Li, Yangguang, et al. "Triposg: High-fidelity 3d shape synthesis using large-scale rectified flow models." IEEE Transactions on Pattern Analysis and Machine Intelligence (2025).
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Challenge 3: Bidirectional Information Exchange
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Dataset
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Part-level Assembly
PartNext1

Training set: 15563

Evaluation set: 3903
Training set: 7872

Evaluation set: 3697

Fracture Assembly
Breaking Bad2

Fracture Assembly
Morphosourse3

Training set: 1744

Evaluation set: 437

1. Wang, Penghao, et al. "Partnext: A next-generation dataset for fine-grained and hierarchical 3d part understanding." NeurIPS(2025).
2. Sellán, Silvia, et al. "Breaking bad: A dataset for geometric fracture and reassembly.” NeurIPS(2022).
3. Boyer, Doug M., et al. "Morphosource: archiving and sharing 3-D digital specimen data." The Paleontological Society Papers 22 (2016): 157-181.
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Experiment

Can 3D Generative Models Help 3D Assembly?

Does generation improve assembly by providing a holistic prior?

Can we still assemble the observed parts and synthesize a complete object from 

incomplete fragment sets?

Does part-level evidence help disambiguate image conditioned 3D generation?
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Does generation improve assembly by providing a holistic prior?
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RE: Rotation Error TE: Translation Error PA: Part Accuracy CD: Chamfer Distance
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Does generation improve assembly by providing a holistic prior?
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Can we still assemble the observed parts and synthesize a complete object from 
incomplete fragment sets?

Can 3D Generative Models Help 3D Assembly?
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Can we still assemble the observed parts and synthesize a complete object from 
incomplete fragment sets?

Can 3D Generative Models Help 3D Assembly?
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Can we still assemble the observed parts and synthesize a complete object from 
incomplete fragment sets?
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RE: Rotation Error TE: Translation Error PA: Part Accuracy CD: Chamfer Distance
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Does part-level evidence help disambiguate image conditioned 3D generation?
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Does part-level evidence help disambiguate image conditioned 3D generation?
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CRAG vs 3D Generation Model

CRAG vs 3D Completion Model
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Takeaways

Can 3D Generative Models Help 3D Assembly?

• Imagining the final global shape really helps 3D assembly.

• 3D assembly can act as auxiliary task to promote 3D generation model.
• You can try joint training (if you have enough computation resources)

• Data / Data Distribution matters in domain-specific 3D assembly, like in archaeology or 
medicine.
• We observe some overfittings in MorphoSource.
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Future Works

Can 3D Generative Models Help 3D Assembly?

• Data! 

• How to synthesize diverse fragments with controllable fracture surface / simulate the 
real fracture for different domains.

• Agentic 3D assembly:

• When you try to assemble object with more than 1000 pieces

• Extract subgroup

• Verifier and rewind

• Combination of end-to-end and optimization-based method

• Language-driven arbitrary-shape assembly

• Learn from human video

• Physical constraints for assembly

• Novel object
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Thanks！

Can 3D Generative Models Help 3D Assembly?

Project Page

Code Repo
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