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CATIA Reverse Engineering Mastery: Mesh

Processing to Precision CAD

Target Audience

This course 1s designed for mechanical engineers, CAD professionals, and product
designers who want to specialize in advanced reverse engineering workflows using
CATIA. It 1s particularly suited for those working in automotive, aerospace, and tooling
industries where high-quality surface reconstruction, Class-A surfacing, and hybrid
modeling are essential for converting scan data into manufacturable CAD models.

Course Outcomes

By the end of this course, participants will be able to:

Understand reverse engineering workflows and CATIA’s role in product
development.

Import, inspect, and optimize mesh and point cloud data.
Align and position scan datasets for accurate reconstruction.

Use CATIA’s Digitized Shape Editor and Quick Surface Reconstruction for
intelligent mesh processing.

Extract curves and develop sketches for surface modeling.

Apply advanced surfacing techniques using Generative Shape Design.
Handle freeform and complex geometry reconstruction.

Perform hybrid modeling combining mesh, surface, and solid approaches.
Validate reconstructed CAD against scan data using deviation analysis.
Prepare final CAD models for manufacturability and downstream integration.

Apply workflows to mechanical, automotive, and complex freeform industry
case studies.

Course Objectives

Provide advanced knowledge of CATIA’s reverse engineering workbenches.

Train learners in mesh inspection, cleanup, and optimization.
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Develop proficiency in automated and manual surface reconstruction.

Enable learners to create high-quality surfaces and convert them into solid
models.

Teach hybrid modeling strategies for incomplete or complex datasets.
Introduce deviation analysis and validation techniques for accuracy assurance.

Reinforce learning through industry-oriented case studies.

Course Outline

The course comprises 40 hours of theory and labs and is divided into 17 different
chapters. Each chapter will be followed by hands-on lab exercises to reinforce learning
and gauge understanding of the topics covered.

Table of Contents

PART 1: Fundamentals and Data Preparation

Module 1: Introduction to Reverse Engineering in CATIA

Reverse engineering overview and role in product development
Forward design vs reverse engineering workflows

Industrial applications: automotive, aerospace, tooling
Workflow: scan data — CAD reconstruction — validation
Input data types: point cloud, mesh, CAD models

CATIA workbenches: Digitized Shape Editor, Quick Surface Reconstruction,
Generative Shape Design

Capabilities and limitations of CATIA

Module 2: Interface and Data Import

CATIA interface and workbench structure
Navigation and workspace management
Importing scan data: STL, OBJ, ASCII formats
Handling units, scaling, orientation issues

Visualization modes: shaded, wireframe, curvature display
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« Managing large datasets and performance considerations
Module 3: Mesh Inspection and Analysis

o Mesh structure and topology

« Identifying defects: holes, noise, spikes, distortions

o Mesh density and triangle quality assessment

o Boundary detection and non-manifold geometry

o Curvature analysis for geometric features

o Measurement tools: distance, radius, angle, thickness
Module 4: Mesh Cleanup and Optimization

« Noise reduction and smoothing techniques

« Hole filling methods for small and large gaps

« Removing unwanted mesh regions

o Mesh decimation and refinement

« Repairing mesh errors: self-intersections, irregular topology

o Preparing mesh for surface reconstruction
Module S: Alignment and Positioning

« Importance of alignment in reverse engineering

o Manual alignment using reference geometry

« Best-fit alignment techniques

o Feature-based alignment using planes and axes

« Coordinate system creation and management

« Aligning multiple scan datasets

« Preparing orientation for modelling

PART 2: Intelligent Mesh Processing and Automated Surface Reconstruction
Module 6: Digitized Shape Editor

« Working with point clouds and mesh data
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Mesh editing tools: smoothing, decimation
Sectioning and slicing mesh data

Curve extraction fundamentals

Preparing mesh for surface reconstruction
Handling incomplete or noisy datasets

Optimizing mesh for surfacing

Module 7: Quick Surface Reconstruction

Principles of automatic surface generation

Region detection and segmentation

Surface patch creation from mesh

Editing and refining reconstructed surfaces
Converting mesh into surface models

Managing complex geometries with automated tools

Reducing manual effort through intelligent reconstruction

PART 3: Advanced Surface Modeling

Module 8: Curve Extraction and Sketch Development

Section curve creation from mesh
Extracting boundary and feature curves
Curve smoothing and simplification
Managing curve continuity

Preparing curves for surface modeling

Building reference geometry for design intent

Module 9: Generative Shape Design

Surface modeling fundamentals
Creating surfaces: sweep, multi-section, fill

Surface continuity: position, tangency, curvature control

CATIA
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« Surface trimming, joining, healing

o Advanced surfacing workflows for complex geometries
Module 10: Freeform and Complex Geometry Modeling

« Handling organic and freeform shapes

« Surface refinement and optimization

« Blending and transition surface creation

« Converting surface models into solids

o Managing complex transitions and continuity
Module 11: Hybrid Modeling Techniques

« Combining mesh, surface, and solid modeling approaches

« Editing incomplete or partially reconstructed data

« Refining hybrid models for accuracy

o Preparing final geometry for validation and manufacturing

PART 4: Validation and Finalization

Module 12: Deviation and Accuracy Analysis

« Principles of deviation analysis

o Comparing reconstructed CAD with mesh data

o Color map interpretation and tolerance evaluation

« Section-based validation methods

« Identifying critical deviations and error zones

« Generating validation reports
Module 13: Final CAD Preparation

« Converting surfaces into solid models using Part Design

o Adding engineering features: fillets, chamfers, drafts

« Ensuring manufacturability and design intent

« Model cleanup and optimization

CATIA
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Module 14: Export and Integration
« Export formats: STEP, IGES
+ Integration with downstream applications: CAM, PLM systems
« File optimization for data exchange

« Handling translation and compatibility issues

PART 5: Industry Case Studies

Module 15: Mechanical Component Reconstruction

o Workflow: mesh import — cleanup — CAD reconstruction — validation

« Feature extraction and parametric reconstruction

« Final export
Module 16: Automotive Surface Component

« High-quality surface reconstruction workflow

« Surface continuity and refinement

« Class-A surface considerations
Module 17: Complex Freeform Geometry

« Reconstruction of organic shapes

« Advanced surface modeling techniques

« Hybrid modeling approach

o Precision validation and refinement



