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Abstract 
Feature recognition, integrated with design-by-features, has the potential to support 
a multiple-view CAD environment, allowing the representation of different 
feature-based models, that are meaningful for different contexts. They represent a 
vital step in the direction of product modeHing in Concurrent Engineering. 
In this paper we present a flexible feature recognition system, in which topological, 
morphological and geometric information is processed at different Ievels of detail, 
providing the user with a mechanism that can be tuned to application needs. 
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1 INTRODUCTION 

Nowadays, markets for consumer goods are characterised by increased variety 
coupled with a decrease in the product life-cycle. To face competition, it is 
important to optimise performance in delivery and quality. 

The main goal of concurrent engineering (CE) is to reduce the costs incurred in 
product development by considering design, installation, organisation and control 
of production activities as a whole, and in such a way that all the decisions to be 
taken can be evaluated in relation with each other during the design phase. This 
new paradigm assumes an ideal environment, where engineers from different 
disciplines simultaneously work on product design. After an initial conceptual 
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model has been defined, several engineers should be able to work at the same time 
on product definition, modifying or adding details to the design and also running 
application programs (e.g. stress analysis, cost analysis, process planning). 

The implementation of CE requires a computer support not only provides a 
comprehensive framework for dealing with product models, but can also represent, 
transmit, manipulate and store all the technological information associated with the 
different phases of the product life cycle. 

Traditional Computer Aided Design (CAD) systems, based purely on geometric 
and topological information, are unable to fulfil this aim, as they do not include 
any functional and behavioural information on the parts, nor do they provide 
facilities for representing different context-dependent views of the product, their 
interrelations and dependencies. 

More recent CAD systems adopt feature-based modelling that enriches product 
data representations with semantic information and supports design with high Ievel 
modelling entities. However, these systemsarestill far from satisfying industry's 
need to support an automatic flow from design to production in a CE environment, 
in part due to the context dependency of features. To improve CAD systems in this 
direction, current research proposes the integration of feature recognition 
techniques with the design-by-features approach in order to provide multiple 
context dependent views of the product simultaneously. 

In this paper the need for feature-based product modeHing with concurrent 
engineering is outlined. The benefits and usefulness of different techniques for 
feature-based modelling are discussed. Finally, a feature recognition system which 
has been integrated with a design-by-features system is described. 

2 FEATURES IN PRODUCT MODELLING 

Features have been introduced in the engineering field as elements providing a 
convenient language for describing product parts, one that associates functional 
meaning to geometry and thus allows each application to have its own view of the 
product (Shah and Mäntylä 1995). lt is commonly accepted that a product model 
suitable for running application analysis and simulations should be based on 
features. 

In the literature, two main approaches to the creation of feature-based 
representations have been considered: design-by-features and feature recognition. 
The former is a top-down approach: the object is designed directly using features 
and all the functional knowledge related to a specific context and strictly associated 
to the features used can be inserted in the model at the design stage, (Wilson and 
Pratt, 1988), (Shah, 1991), (Ovtcharova and Haßinger, 1991), (Schulz and 
Schützer, 1994). Since this approach provides a morenatural basis of interaction 
with the user than mere geometric modellers, most commercial CAD systems 
presently on the market have adopted the design-by-features approach. As a matter 
of fact these systems are not really feature based, since the features they handle are 
simple, pre-defmed parametric primitives corresponding to recurring 
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characteristics of products (examples are shown in Figure 1), but no consistency 
check is performed after the modelling operations. 

Figure 1: Examples of features 

The disadvantage of this approach is that, since features are context dependent, 
when considering a different context it is necessary to redesign the object from 
scratch using a different and appropriate set of features (Dixon and Libardi, 1990). 

The second approach is bottom-up: all the features are extracted from the 
geometry, thus making it possible to consider different applications by changing 
the recognition rules. This approach has mainly been mainly explored at the 
research Ievel: (Vandenbrande and Requicha, 1993), (Joshi, 1990), (Falcidieno and 
Giannini, 1989), (Sakurai and Chin, 1994), (Regli et al. 1993). Only very recently 
some commercial systems propose modules for machining feature recognition 
from the geometric description of the part, PAR'fTM from the original work of V an 
Houten (1991) and CAMWorks™. Thesemodules perform semi-automatic feature 
recognition of the machining features; moreover they determine the operation 
sequence by consulting a previously defined database where each feature type is 
associated to a machining operation sequence. While these systems are most 
successful with quite simple geometric components, they nevertheless show the 
great potential of feature recognition for the CAD/CAM market. 

The main problems of feature recognition appears in the recognition of 
interacting features, the reason being that when features interact, their canonical 
description is compromised, i.e. feature faces are split or merged into other object 
faces during model creation. Moreover, feature interaction gives rise to ambiguous 
configurations which can generate multiple object interpretations in terms of 
features. This problern requires the definition of strategies for determining the 
original entities in accordance with the requirements of a specific application 
context; volume creation may provide a solution here. 

3 FEATURE-BASED MODELLING FORCE 

In CE different experts from different engineering disciplines participate 
simultaneously in the product design: they perform all kinds of analysis and make 
product enhancements; at the same time functional aspects of other disciplines 
must be preserved (de Kraker, 1998). From the design point of view this means 
that different feature-based representations of the product, containing the features 
relevant for the different experts, should be considered and kept consistent during 
the design evolution. 
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An integrated feature-based modeHing system, in which both feature design and 
recognition are possible, seems promising as a support to CE. In such a system the 
user can either design-by-features or use the solid moduller, depending on the 
complexity of the object; feature recognition techniques can be integrated in the 
core of the system in order to derive different feature-based models for specific 
application contexts and maintain consistency between them. In this way it is 
possible to create a link between the different application contexts and the design 
process, with the advantage of providing the designer with earlier feedback from 
the simulation processes and analysis performed in the specific contexts. 

A feature-based modelling system which integrates design-by-features and 
feature recognition approaches has been developed at IMA-CNR in co-operation 
with Fraunhofer IGD, in Darmstadt, Germany, within the European HCM Project 
ERB CHBG CT930380 (De Martino et al. 1998). 

This Integrated System is based on the following key points: 
1) Feature recognition can serve multiple functions in integrated feature-based 

modelling systems. Three main applications have been studied: the traditional 
use of feature recognition from boundary representations for upgrading already 
existing solid models to feature-based ones; for the conversion of a design 
feature-based model into another one meaningful for a given application context; 
and for the validation of feature-based model consistency needed during the 
design process 

2) To achieve integration between design and engineering processes, the sharing of 
a common product model representation is crucial. Such a model should be a 
multiple view model shared by the application modules, where all the context
dependent feature-based models derived by the feature recognizer are 
represented. The advantage of a single shared structure is that it favours 
communication between the application contexts, and in particular the 
negotiation and propagation of the modifications required during the design 
within the perspective of a collaborative design process. 

The application scenario where design and engineering processes are integrated 
is shown in Figure 2. The designer creates the object using design features and 
defines the design model of the object. The design information is evaluated and 
stored in the shared model, called the Intermediate Model (IM), in such a way as to 
maintain the feature semantics explicitly associated to the shape description. From 
the data stored in the IM, the feature recognition process derives different feature
based models for different application contexts. In the specific contexts, experts 
can add additional context-dependent information to these models, run simulation 
programs and call for design modifications. In order to avoid conflicts among 
modification requests and to keep the different models consistent, the designer is 
the only user allowed to modify the object model. The experts' requests are sent 
via the IM to th~ designer, who executes the modifications after negotiation among 
the contexts and according to context-dependent priority rules. Finally, the 
accepted modifications are performed, directly represented in the IM and 
propagated to each specific context-dependent view. Feature model validation 
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based on a feature recognition technique is applied to each view in order to ensure 
the models' consistency after each modification. 

Figure 2: The application scenario of the integrated system 

4 THE FEATURE RECOGNISER 

The flexible feature recognition system is the result of many years of research at 
the lstituto per Ia Matematica Applicata, CNR, Genova. The main aim of this work 
is to provide the CAD user with a feature-recognition tool that can be tuned to 
meet the requirements of a specific application. 

The methodology adopted in our approach is based on the differentiation between 
context-independent and context-dependent shape interpretation. The Boundary 
Representation of the product is analysed considering the geometric, 
morphological, and topological aspects separately, in order to identify neutral 
properties of the shape independent of any specific application context. These 
properties are then considered in the object context-dependent interpretation phase. 
Specifying the context, the user defines the set of features meaningful for the 
speeifie applieation that have to be reeognised. 

The recognition system eonsists of four main steps: Morphologieal 
Classifieation, Topologieal Classifieation, Evaluation of Geometrie Relations, and 
eontext-dependent Feature Interpretation. The morphological classification 
analyses the B-rep of an object in order to identify faee sets eorresponding to 
generie eoncavities and convexities, interpreted as protrusion and depression shape 
features. Topological classification is then performed to identity topologieal 
eharacteristics of each shape feature. The evaluation of geometric relations 
between feature entities such as parallelism and perpendieularity between faces is 
then performed. Finally, the context dependent jeature interpreter identifies 
specific feature instances by performing recognition at different Ievels of detail 
aeeording to the user's requirements. This step may derive volume feature 
representations (if the speeifie eontext coneerns volumetrie features) and feature 
parameter values. 

The data structure shared by these proeesses is the Intermediate Model, which 
stores all the information obtained step by step during the reeognition proeess. A 
simplified system arehitecture is depicted in Figure 3. In the following sections the 
Recogniser eomponents and the Intermediate Model are briefly deseribed. 
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Figure 3: The Feature Recogniser architecture 

4.1 Morphological Classification 

The aim of this step is to identify generic protrusion and depression features by 
analysing the object boundary representation. Looking at the available feature 
taxonomies, it can be noted that simple features have a wholly concave lwholly 
convex shape, i.e. all the feature faces are adjacent to each other exclusively 
through concave ( or convex) edges. Conversely, compound features have mixed 
concave and convex adjacencies. Therefore, the concepts of weak and strong 
concavity and convexity have been introduced and defined as follows: 

• weak concavity (convexity): a set of connected faces, each adjacent to at 
least another face in the set through a concave (convex) edge; 

• strong concavity (convexity ): a set of connected faces whose intemal edges 
(i.e. tying on two faces of the set) are concave (convex). 

The process starts with the classification of edges and loops as either concave or 
convex. Then sets of faces betonging to weak characteristics are identified, thus 
decomposing the B-rep into face sets. Faces not betonging to any identified 
characteristic belong to the so-calted main shape. Finally, strong characteristics are 
recursively and altemately sought within the identified face sets (see Figure 4). 

Figure 4: An example of weak and strong characterisation of a simple object. 
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4.2 Topological Classification 

In this module each shape feature identified in the previous step is analysed with 
the dual aim of studying invariant shape characteristics for the definition of shape 
feature equivalence relation, and providing feature interaction hints. 

The definition of shape feature equivalence classes is based on the type of 
topological relationship between the feature and the rest of the object, and on the 
morphological properties of the feature's shape (De Martino and Falcidieno,l997). 
The aim is to define a feature classification independent of those shape variations 
which may affect a feature without changing its main properties. The elements that 
are evaluated are the so-called connection faces, faces of the object that are 
adjacent to feature faces, and the connectivity of the feature face set boundary. 
Figure 5 shows a set of equivalent shape features produced as a result of the 
classification. 

Figure 5: Examples of equivalent shape features . 

The interaction hints are defmed by analysing adjacency relationships among the 
feature face sets. They are expressed by an integer, called the interaction degree, 
which is related to the probability of interacting features, and, consequently, of 
multiple feature interpretations. Shape characteristics with degree 0 have only one 
possible interpretation. Conversely, shape characteristics with interaction hint 
degree n, n>O, always indicate the presence of feature interactions. Examples are 
shown in Figure 6. 

(ElJ 
degenerate 
convexity (3) 

degenerate 
concavity (3) 

Figure 6: Examples of interaction hints. 

4.3 Geometrie Relations Evaluation 

The aim of this step is to obtain a minimal set of geometric relations between 
feature entities, which characterises the feature shape and supports its parametric 
representation. The evaluation of geometric relations is performed for each feature 
and compreses two phases: frrst the set of all the relations involving the feature 
faces are derived, then the set is reduced by a simplification process. The 
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geometrie relations eonsidered are parallelism, perpendieularity, ineidenee and eo
planarity. 

Three types of relations are derived: internal relations between pairs of feature 
faees, internal-external relations between one feature faee and one eonneetion faee, 
and external-external relations between two eonneetion faees of the feature. An 
example is shown in Figure 7. 

Figure 7: Geometrie entity relations evaluation for a slot feature. 

4.4 Feature Interpretation 

The results of morphologieal classifieation, topologieal elassifieation and 
evaluation of geometrie relations express shape properties that eharaeterise the 
features at different Ievels of detail. By reasoning about these results it is possible 
to define different eonditions for defining shape similarity and for guiding the 
feature interpretation proeess. 

The interpreter is based on a teaching-by-examples technique that uses the 
information stored in a feature library and performs a matehing operation between 
the features in the library and the features in the objeet. Eaeh applieation ean have 
its own feature library, thus the reeognition proeess is easily used for different 
eontexts (De Martino and Faleidieno,l997). 

The information that is matehed regards the feature type (Main Shape, 
Protrusion, Depression), the feature classifieation result, the number of planar and 
quadrie faees, as well as the number and type of the geometrie entity relations. The 
matehing operation between two features returns a number expressed as a 
pereentage representing the degree of similarity between the two features. The user 
ean eontrol and influenee the result by direetly speeifying an aeeeptanee level. 
When the matehing operation is sueeessful, the interpreter performs the Parameter 
Matehing: in this phase the set of parameters of the library feature are assoeiated to 
the geometrie entity relations of the feature of the objeet. The seareh for a speeific 
feature instanee ean be eoncluded by ehecking the parameters value. 

While the above interpretation works with surfaee feature representations, i.e. 
faee sets, some applieations deal with volumetrie features. For this reason a 
proeess, performed only for some applieations, for deriving feature volumes has 
been provided affering the possibility of eonsidering only negative features, as in 
the ease of maehining, or also positive ones, whieh are useful in design. This 
results in the grouping/redeseribing of several shape features depending on the 
assoeiated interaetion hints. The feature volume is obtained by interseeting two 
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infinite volumes, which we call internal and external. The internal volume is 
obtained from the faces corresponding to the feature, while the external volume is 
derived from a subset of the neighbouring faces. The way of grouping shape 
characteristics to create the internal shape strictly depends on the selected 
environment (i.e. only depressions and/or protrusions), while the choice of the 
neighbouring faces depends on whether volumes corresponding to the intersection 
of the interacting features are also required. In addition, the module offers the 
possibility of controlling the determination of the volumes for complex interacting 
features. This process is based on some heuristic rules that take into account the 
interaction hints and the geometric relations among faces, like co-planarity and 
parallelism. In this way, it is possible to decompose the feature volumes and to 
allow multiple interpretations (Giannini, 1997). Figute 8 shows some examples of 
the possible derived volumes, the semplicity of the object is for clarity of the 
drawing and is due to Iack of space. 

4.5 The Intermediate Model 

The Intermediate Model has been defined mainly to support multiple feature-based 
models, which is a crucial problern in Concurrent Engineering. It is necessary to 
consider an integrated product model where shape features for different contexts 
are represented in such a way as to avoid data redundancy, and to support 
consistency checks (De Martino, 1997). In particular, the Intermediate Model is the 
reference data model of the recogniser modules where all the obtained information 
is stored. The information contained in it regards the shape features of the product 
and their semantics from different points of view. 

The shape features are explicitly represented in the model by their set of 
boundary entities and by the topological adjacency relations between feature pairs. 
This information is fundamental for performing geometric and topological 
reasoning on the shape, which is the basis of the feature recognition process. 

The semantic representation of a feature is given by a set of relations between 
shape entities expressed in algebraic form. These relations are associated to and 
express the feature parameters and the set of geometric constraints necessary to 
control the behaviour of the feature during the design process. Shape representation 
and semantic representation are then unified by considering the correspondence 
and maintaining a link between the shape and the algebraic entities. 
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c (d) 

Figure 8: A simple object and its design graph (one rib and two prismatic bosses) 
(a); the result of the shape recognition: two convexities in green and one concavity 
in yellow (b); and two possible feature volume creations (c) and (d) 

5 CONCLUSIONS 

In this paper, the importance of feature-based modeHing in CE has been outlined 
together with the necessity of integrating design-by-features and feature 
recognition for supporting the multiple product views needed for driving 
downstream applications and analysis. A flexible recognition system suitable for 
deriving different context dependent features has been presented. This system has 
been implemented on the ACIS™ solid modeHer toolkit, and has been integrated 
with a design-by-feature system. To make the propagation of modifications among 
contexts easier, a multi-view model has been used; this is shared by the considered 
contexts and provides information about the object entities of interest to them. At 
present, the only context with the authority to modify the object is design; the 
others can only ask for modifications. The system is based on differentiation 
between context independent shape analysis and context dependent feature 
interpretation, which also provides the possibility of deriving both surface and 
volumetric feature descriptions. This offers several advantages: the creation of the 
most suitable representation for context needs; easier re-use of existing models 
created by traditional solid modellers; the manipulation of features by the other 
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contexts, i.e. object modification through feature parameter changes; and the 
identification of simple features in interacting configuration. In particular, some of 
the possible descriptions of simple features in interacting configurations can be 
provided. 
Future work will focus on the optimisation and extension of the volume 
determination algorithm and on support of the negotiation activity for product 
modifications. 
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