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Motivation for BRep Learning in CAD

Multi-Level 3D Scans and Hand-Drawn Sketches

Results and Evaluations Key Takeawys and Conclusion

~150K Vertices and ~400K Triangles
per 3D Scan with:
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2.Surface Roughness
3.Incomplete Scanning
4.Dents + Bumps
5.Sharp Edge Rounding
6.Tinly Loop Shrinking
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An algorithm that turns exact BRep curves into realistic hand-drawn
3D sketches for artists at all skill levels.

An algorithm that
turns exact BRep
curves into realistic
hand-drawn 3D
sketches for artists
at all skill levels.

Injects human-like
sketch
perturbations while
preserving CAD
topology, junctions,
loops, and curve
identities.

5M+ Sketches with
BRep Labels
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1 Million+ Low-Poly CAD
Models of ABC Dataset 
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1 Million High-Resolution 3D Scans
with Realistic Artifacts, Emulating

Artec3D Spider-II Scanning   
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A2Z-10M+ brings BRep learning to scale: 10M
annotations over 1M CAD models, spanning meshes,
sketches, topology, geometry, captions, and tags.
Bridges raw perception to structured CAD
intelligence: connects 3D scans, hand sketches, and
text with explicit BRep co-edges, corners, loops, and
surfaces.
Enables foundation models for X-to-CAD: supports
scan-to-CAD, sketch-to-CAD, text-to-CAD, retrieval,
and cross-modal CAD reasoning.
Benchmarked for real reverse engineering tasks:
trains on 300K CAD models to detect BRep co-edges
and corner vertices from scan-like inputs.

Datasets

Boundary/Corner Classification  Annotation Quality on Scans and Sketches

Annotation Evaluation Protocol

Textual Caption Annotation Quality 

Synthesized 2D Scan Quality 

Realism scores (mean ± std, 1–10 scale) for
synthesized scans at each pipeline stage,
evaluated against Artec3D groundtruth scans of
CC3D models. Step IV achieves near-perfect
human consensus.

Synthesized 3D ⟶  2D Sketch Quality 

Realism scores (mean ± std, 1–10 scale) for
multi-level 2D sketches evaluated by automated
VLM raters and human engineering students.
Higher is better. Level-3 achieves the strongest
evaluator consensus, balancing abstraction with
recognizability.
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A2Z10M+ (Ours)

Largest structured BRep learning resource: 10M+ annotations over 1M
CAD models with scans, sketches, topology, geometry, captions, and tags.
High-quality annotations matter: GPT-5, human feedback, and statistical
metrics confirm stronger diversity, consistency, and semantic quality.
Foundation model improves CAD reverse engineering: achieves the best
recall–precision balance for boundary and junction detection from scan-
like inputs.
Strong generalization beyond A2Z: transfers to CC3D and electronic-
enclosure datasets without task-specific retraining. Boundary detection is
robust; junction recovery remains challenging: A2Z significantly improves
corner/junction localization but leaves room for future research.
Enables next-generation X-to-CAD systems: supports scan-to-CAD,
sketch-to-CAD, text-to-CAD, retrieval, and BRep-aware geometric
reasoning.

“In learning-based CAD modeling,
A2Z fundamentally aims to
leverage bottom-up CAD reverse
engineering”
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