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Design Intent

Engineering converts a concept into an artifact

Reverse engineering converts an artifact into a concept

Design intent is a detailed representation of the concept

Explicit representation of design intent required for high-
level CAD applications

Description of intended properties of the object’s
shape (geometric regularities)

Different abstraction levels
(e.g. “a cube”, “6 parallel/orthogonal planes”,
“n1

tx − d1 = 0, n2
tx − d2 = 0, . . . ”)

Additionally, represent functional properties, etc.
(not considered here)
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Design Intent in CAD Applications

High-level representation of design intent in CAD
applications

Allow modifications and adjustments without destroy-
ing important properties unintentionally

Improve robustness of modelling operations

Enable data exchange between different applications
without creating broken models or loosing important
properties (Healing)

Analyse the model’s properties
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Approaches towards Design Intent

Standard CAD model data structures do not explicitly
represent design intent

Constructive Solid Geometry (CSG):
union, intersection, etc. of primitive shapes

Boundary representation:
faces, edges and vertices with geometry and
topology (boundary relations)

Extensions of above data structures for design intent:

Feature-based modelling

History-based modelling

Constraint-based modelling

Design Intent of Geometric Models 3 Frank C. Langbein



Feature-based Modelling

Describe model by machining, design, . . . features
(holes, slots, pockets, . . . )

Common method for cre-
ating models

Hard to detect features
(many alternative interpre-
tations possible)

Features add semantics
to CSG-type data struc-
tures
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History-based Modelling

Idea: Store the complete history of the model building
operations

Edit object by changing the history and “replaying” it
(or relevant part of it)

Edit operations are simpler and more robust

Proposed extension to STEP standard

But complete history often contains irrelevant informa-
tion

Operations used to make object may contain hints for
design intent
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Constraint-based Modelling

Specify desired relations between geometric objects by
geometric constraints

One huge polynomial equation system describes the
whole object

Design intent specified exactly, but

Hard to find a solution

Under- and over-constrained
cases are hard to determine
by the user

Constraints only describe
low-level relations
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Forward and Reverse Problem

Need an appropriate representation of high-level design
intent

Forward problem:

Record design intent during model creation

Reverse problem:

Determine the design intent of a given model
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Reverse Engineering

Extract sufficient information from physical object for
particular purpose

For reproduction applications:

Exact information about shape of physical object is
sufficient for one-to-one copy

For quality control applications:

Exact shape information has to be compared with an
original model

For redesign applications:

Reconstructed model should exhibit exactly the
same geometric properties as the original model
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