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Motivation

● Creating real-world objects with existing methods remains challenging: many 
fail to be physically realized. 

● Difficult to assemble or fabricate; physically unstable
● Address the challenge of generating physically realizable objects
● Structures made of interlocking toy bricks, e.g. LEGO blocks
● Widely used in entertainment, education, artistic creation, and manufacturing 

prototyping



Related work

● Text-to-3D generation
Dreamfusion
Diffusion models, large reconstruction models, U-Nets, and AR models

● Autoregressive 3D modeling
LLaMA-mesh

● Brick assembly and design generation
○ Early works: optimization problem guided by heuristic rules
○ Deep graph generative model; diffusion model. Limitation: use regular building blocks instead 

of bricks with interlocking connections
● Physics-aware generation

○ Collision avoidance, contact requirements, structural stability and dynamic behavior



Dataset

● Introduce StableText2Brick 
○ +47k toy brick assembly structures (from 21 object categories of the ShapeNet-Core dataset)

● Brick representation

● Mesh-to-brick
○ Voxelize and downsample to 20x20x20, delete-and-rebuild
○ 8 types: 1x1, 1x2, 1x4, 1x6, 1x8, 2x2, 2x4, and 2x6

● Stability score
○ integrating physical stability verification into autoregressive inference
○ A structure is stable if all bricks have stability scores greater than 0.

● Caption generation
○ Render from 24 viewpoints,  and prompt GPT-4o (omit color)

position of the stud

Sheng-Jie Luo et al. Legolization: Optimizing LEGO Designs, SIGGRAPH 2015



Dataset



Method - Model fine-tuning

● Pre-trained base model
○ LLaMA-3.2-1B-Instruct

● Instruction fine-tuning dataset
○ LDraw: LDraw™ is an open standard for LEGO CAD programs that allow the user to create 

virtual LEGO models and scenes. 
○ LDraw limitations: no brick dimensions; contain unnecessary info (brick orientation and scale).
○ Customized format: {h}×{w} ({x},{y},{z})

● Autoregressive prediction

Abhimanyu Dubey et al. The Llama 3 herd of models, arXiv 2024



Method - Integrating physical stability

● Motivation
○ Although trained on physically stable data, our model sometimes generates designs that 

violate physics and assembly constraints. 
● Incorporate physical stability verification into autoregressive inference
● A structure is stable if all bricks can reach static equilibrium:

●  Stability analysis: 

D: dragging forcesSolver: Gurobi optimizer



Method - Integrating physical stability

● Per-brick stability score: 

● When to apply stability analysis?
○ step-by-step validation is time-consuming

● Brick-by-brick rejection sampling
○ if a brick violates the heuristics, we resample a new brick from the model

● Physics-aware rollback
○ If the resulting design is unstable, we roll back the design to the state before the first unstable 

brick was generated



Method - Brick texturing and coloring

● UV texture generation
● Text-based mesh texturing approach: FlashTex

● Uniform brick color assignment

Kangle Deng et al. FlashTex: Fast relightable mesh texturing with LightControlNet, ECCV 2024



Experiments



Experiments
CLIP
Text: “A LEGO model of {prompt}”



Experiments - ablation + texture/color generation



Experiments - extensions & applications

● Robotic assembly of generated structures.



Experiments - manual assembly



Limitations

● Small scale dataset. Objaverse-XL is worth exploring. 
● Only support 8 type bricks


