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There is significant research interest in CAD automation but most research efforts focus
on fixed CAD workflows.
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Introduction

3D Reverse
Engineering [1]



Vision and Large Language Models (VLLMs) have
potential for enabling AI-assisted CAD design.

Motivation



VLLMs have been shown to be weak in in geometric reasoning and handling of
mathematical concept:

Interpret CAD models from their CAD sequences [1].

Recognize spatial arrangement [2].

Correctly orient primitives [3].

Predict the cumulative effects of the CAD commands.

[1] Qiu, Z. et al. “Can Large Language Models Understand Symbolic Graphics Programs?” ICLR (2025).
[2] Sharma, P. et al. “A Vision Check-up for Language Models.” CVPR (2024).
[3] Makatura, L. et al. “How Can Large Language Models Help Humans in Design And Manufacturing?” Arxiv (2024)

Challenges



A generic tool-augmented VLLM framework that integrates CAD-specific tools to
address the limitations of VLLMs in AI-assisted CAD.

CAD-Assistant

This work introduces CAD-Assistant



Actions and 
logical operations

Python

CAD software
intergration

FreeCAD

Hand-drawn image 
to constrained CAD sketch

Sketch Parameterizer

CAD sketch and 
CAD Model renderers

CAD Recognizers

Extract cross-section 
from 3D mesh

Crosssection Extractor

Constraint analysis
routine

Constraint Checker

: CAD-Specific ToolsCAD-Assistant

CAD-Assistant is equipped with a diverse set of CAD-specific tools and can process multimodal
inputs, including hand-drawn sketches and 3D scans.



Execute the drawn
CAD command

Visual  Editing

Handdrawn Image Parameterization

Transform the image
into a CAD sketch.

Add constraints to this
CAD sketch

CAD Sketch Autoconstraining

Extrude this sketch
into a 3D Solid.

Handdrawn sketch to 3D solid

Two holes are visible

How many holes are visible
on the surface of the object

CAD Question Answering

Reverse-engineer this scan by a
cross section on the z plane.

3D Reverse  Engineering

: Real-World Use CasesCAD-Assistant

We evaluate CAD-Assistant on existing benchmarks and demonstrate diverse real-world use cases.



Action

Plan

Action at time step t, step expressed as
Python code.

Plan at time step t, step expressed as
natural language.

Planner

To transform the image into a
constrained CAD sketch, I'll first
use the sketch_from_image to
extract geometries.

Transform the handdrawn
image into a constrained
CAD sketch. 
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: Framework OverviewCAD-Assistant



USER QUERY: Analyse the sketch to
identify geometric relationships and apply 
parametric constraints.

PLAN: To analyze the sketch and apply the appropriate parametric constraints, I will
first use the sketch_recognizer function to understand the current state of the
sketch. Then I will use the analyse_constraints function to evaluate their validity and
impact on the sketch before applying them.

ACTION: Use the sketch_recognizer function to analyze the current state of the
sketch.

           ENVIRONMENT: Execution Success

The sketch contains the following elements, serialized in JSON format:

Rendered Sketch Image

: Autoconstraining TrajectoryCAD-Assistant



PLAN: The sketch consists of several line segments and arcs forming a square with
rounded corners. To ensure the sketch is fully constrained, I will apply the following
constraints:
1. Coincident constraints to connect endpoints of adjacent geometries.
2. Horizontal and Vertical constraints for the straight line segments.
3. Equal constraints for the arcs to ensure they have the same radius.
4. Tangent constraints between the arcs and the line segments.
I will first analyse and apply the Coincident constraints.

ACTION: Analyze and apply Coincident constraints to connect geometries.

             ENVIRONMENT:  Execution Success

: Autoconstraining TrajectoryCAD-Assistant



PLAN: The Coincidents have been applied, ensuring that the loops are closed. Next,
I will apply Horizontal and Vertical constraints to the straight line segments to
maintain their orientation.

PLAN: The sketch is now properly constrained.
TERMINATE.

(Rest of the  steps)

: Autoconstraining TrajectoryCAD-Assistant



Serialization Strategies

Json

HTML

CSV

Parametrization Strategies

Implicit Point-based

Over-parameterized

Rendering-based Reasoning

What type of triangle is
shown in the image based
on its side lengths?
A) Equilateral B) Isosceles
C) Scalene D) Right

Tool Use for Effective Geometric Reasoning

VLLMs have shown limited ability to geometrically comprehend CAD programs. We examine

CAD representations that can be derived via tool-use to improve geometric reasoning.



Tool Use for Effective Geometric Reasoning

Investigation of tool-derived CAD representations for 2D CAD QA.

Findings:
Schema-embedded representation performs
better than tabular formats.
The Planner is sensitive to the geometry
parameterization.
Rendering-based question answering
surpasses text-based recognition.



Tool Use for Effective Geometric Reasoning

CAD Question Answering CAD Sketch Autoconstraining

Hand-drawn sketch image Parameterization

The proposed zero-shot method is evaluated on standard CAD benchmarks. The CAD-Assistant
outperforms baselines and task-specific approaches.
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