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Abstract 

For the integration of different product development tasks to be supported within a virtual 
prototyping process it is necessary to take account of semantic information, alongside the 
geometric shape information. The need of semantically endowed primitives leads to the use 
of features. In this paper we focus on one crucial important aspect in which virtual proto
typing systems should evolve: the feature -based design of product prototypes. This will offer 
possibilities to users to define high -level semantic information in the prototype model in a 
way which allows a high degree of correspondence between virtual prototype and physical 
product. Moreover, features should be used as processing entities for design, as well as for 
the information integration of design with different downstream phases of virtual proto
typing such as analysis, manufacturing simulation, cost and quality estimation. 
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"Virtual presence is the synthesis of a perceptual consistency that convinces users that either they 
are immersed in another space or that computer generated artifacts exist in the physical space 
(illusion)". 

W Chapin, T. Lacey, L. Leifer (Chapin, 1994) 

1 INTRODUCTION 

The virtual prototyping world gives us an unusual opportunity to compress time and to re
duce production costs. The traditional limitations of the physical prototyping such as 
weight, measures and material treatment are avoided. The ability to use computer simula
tion implies that we have appropriate models of product prototypes. Appropriation means 
not only models which describe the geometry, but describe the complete product semantics 
in terms which designers understand and which reflect the design intent to downstream ap
plications. As a consequence, the illusion of a prototype presence in a virtual space requires 
a comprehend and semantic correct computer-based model which fully complements a 
prototype existing in the physical space. 

Some essential requirements to the computer-based representation of virtual prototypes 
are as follows: 

AI Computer-Aided Engineering (CAE) system point of view: The development of 
virtual prototypes requires an engineering environment based on an integrated 
product development process and an integrated product data model. One of the 
central components of a CAE system for supporting virtual prototyping is a sui
table design module which enable the development of prototypes correspon
ding to the customer needs and which can be developed easy, fast and cheap. 

Bl Design processing point of view: First, supporting the intuitive and creative work 
of the designer in different design phases, such as conceptual, embodiment and 
detail design is one of the most important requirements for early and fast proto
typing. The models which are generated in the design process have to be pro
cessed in downstream phases of the prototype development, such as analysis, 
manufacturing simulation, cost and quality estimation. Second, using data at dif
ferent levels of abstraction is needed to build comprehensive semantic models 
( Ovtcharova, 1992). Third, a mechanism to check the consistency of the seman
tic model data based on feature constraints is essential (Vieira, 1994). Fourth, 
facilities for applying these constraint concepts for easy and fast redesign based 
on parametrics and variational design methods and tools must be provided. 
Fifth, easy and fast configuration by using pre-defined and user-defined mo
deling entities has to be supported. 
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C/ Graphical presentation point of view: New modeling and presentation tech-
niques, such as virtual reality and graphical simulation are of great importance. 

In this paper, we focus our attention only on the second topic, the design processing for 
virtual prototyping. Furthermore, to satisfy the requirements discussed above, we concen
trate our research on the design processing using the feature paradigm. 

Features have been identified as meaningful engineering aids for modeling products using 
high -level semantic data. Thus, a principal impetus for feature research was the observa
tion that the successful computerization of product development needs augmented models 
that are capable of representing both geometric and non-geometric information. The 
main advantages of features include: 1) a vocabulary which is more natural for expressing 
the product prototype than are pure geometric models, 2) the possibility for using features 
as a basis for modeling product information in different phases of prototyping such as de
sign, analysis, process planning and manufacturing, and 3) an increase in the designer's pro
ductivity and cost effectiveness. A vast amount of research activities has recently been fo
cused particularly on the problems involved when integrating previously separate 
prototyping phases into one system that covers all major aspects of prototyping. Feature 
modeling is now regarded as a key technology in achieving high level of efficiency, automa

tion and information integration in this broad area. 

2 THE NOTION OF A FEATURE 

The feature definition as adapted in our work deals with the assignment of features into fea
ture types, as presented in (Ovtcharova, 1994). Here, we distinguish between generic and 
application features. Generic features, such as form, material, and precision features are 
used to describe properties of products in a general way. For example,Jonn features are de
fined as shape characteristics of product parts which conform to some shape configuration 
of the product, like depressions (negative volume form features) and protrusions (positive 
volume form features), but have no specific functional meaning. Application features, such 
as design features and machining features, can be defined by using application-specific 
data over the definition of form features in the concrete application area. Such a feature 
object hierarchy is quite useful in the following sense: first, grouping features into classes 
with respect to given properties leads to development of unified mechanisms for modeling 
different products possessing these properties. Second, feature classification leads to a 
common tenninology and development of product data exchange formats. 

Design features are the set of application features used by the designer to model the a con
crete product prototype. They encapsulate information about the semantic (or functional) 
meaning as well as the shape of a part which can facilitate communication of the design in
tent to downstream product prototyping phases. 
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We define two main types of design features (Ovtcharova, 1993): (1) pre-defined design 

features which are always available and define the fixed set of most used design features, 
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and (2) user-defined design features which complete the previous feature set and are dy
namically created during the design session. The pre-defined design features are more 
often used design features, such as cylindrical holes, rectangular pockets, simple slots. Each 

pre-defined design feature is implicitly described by a name, the type of the corresponding 

form feature (depression, protrusion), a list of design parameters, constraints to express se

mantic information and a set of methods which are necessary for creating and manipulating 
the feature (Figure 1 ). If the set of pre-defined features is not sufficient, the designer can 

specify his own set of features, which will be included in a user-defined design feature 

library. This library is created dynamically (during the interactive design session) and com

plete the previous library with more complex design features. 

In the design phase of the prototype development, the creation of semantically correct fea
ture-based models not only increase the quality of the design but also influences the per

formance of the downstream phases. The certainty of the semantically correction of the 
model data, is also an important factor to achieve an integrated development process. Thus, 

resulting in faster and cheaper prototype development. Product semantics are expressed by 
different kinds of features and constraints. Therefore, we state that constraints are one of 

the major product information, besides features, used by designers to express their design 

intent. Constraints attached to features describe the consistent states that features can hold, 

and express the behaviour of the features in the prototype part model, as well as the beha

viour of the model itself. For all these reasons constraints are used as crucial elements to 
preserve the semantic validity of feature-based models (Vieira, 1994). 

In our approach, feature constraints are expressed on the basis of a full parametric defini
tion of features. Parameters might be dimensions, locations, and functional or technological 
parameters without any direct geometric meaning. Parameters allow easier manipulation 
of feature entities, quick design changes, powerful engineering analysis of the prototype 
model, and improve the quality of the data transferred during the design process and to 
downstream applications. In association with parameters, constraints raise a potent design 
method to solve the design change problem, and to capture and maintain the design intent. 

In our work, three categories of constraints exist. Two of them are based on the theory behind 
the parametric and variational design methodologies (Weissbarth, 1994), (Chung, 1990), 
(Roller, 1994) for solving geometry. The third category of constraints includes all the 

constraints which do not need to be solved, but only tested for validity. 

In this paper, we deliberately omitted most of the definition and representation aspects of 
features and constraints which are described in details in our previous publications (Ov
tcharova, 1993), (Ovtcharova, 1992). 
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3 THE BENEFIT OF USING FEATURES FOR VIRTUAL 
PROTOTYPING 
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The intention of features is to provide the designer with a set of meaningful engineering 
aides, thus supporting him in his creative work at a higher level of abstraction. There is a 
common agreement that design by features has the potential to improve the quality of the 
design, to speed up the design process, to reduce the costs and to shorten the time-to-mar
ket. It also improve the link of the different phases of prototyping, such as design, analysis, 
manufacturing simulation, cost and quality estimation. The advantage of using features for 
virtual prototyping can be characterized by the definition of feature data at different levels 
of abstraction, the maintenance of constraints for preserving semantically correct feature
based models, and the development of an architecture for feature- based design adaptable 
to users and applications. 

The purpose of this paper is to suggest essential directions for feature-based design for 
supporting virtual prototyping. Using a series of assumptions regarding conceptional, im
plementational, and applicational issues, we articulate the direction of design by features 
based on evidence through summaries of previous work and examples of design applica
tions. 

The following, presents essential challenges for research and development in feature
based design for virtual prototyping. 

Challenge 1: Design of a methodology for developing comprehensive semantic models 

For the integration of different virtual prototyping tasks it is necessary to take 
into account comprehensive semantically correct prototype models through the 
entire prototyping cycle. Features are used to define comprehensive semantic mo
dels of prototypes using data at different levels of abstraction in a way which al
lows a high degree of correspondence between the virtual prototype and the 
physical product. 

Challenge 2: Support for configurable prototype models 

Feature-based models offer facilities for the configuration of prototype models 
by using pre -defined and user-defined features. Tools and methods for graphi
cal- interactive generation offeatures can be developed to support the designer 
in creating his own sets of features. User-defined design features will complete 
the set of standard (or pre-defined) features delivered with the system and can 
extend dynamically during the design session as required by applications and 
user needs. 

Challenge 3: Support for easy and fast redesign 

Design feature models offer facilities for easy and fast redesign based on para
metrics and variational design methods which are used by feature constraint en
tities. Design features can be described by a set of parameters and constraints re-
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quired to build the basis for consistency maintenance of features during the 

whole design process. The association of values to the parameters and the satis

faction ofthe constraints will offer useful and semantic correct feature represen
tations. 

Challenge 4: Development of an integrated feature processing environment 

Features support the intuitive and creative working of the designer in different 

design phases, such as conceptual, embodiment and detail design. The models 

based on features can be processed in downstream phases of the prototype de

velopment, such as analysis, manufacturing simulation, cost and quality estima

tion. To take full advantage of features, an integrated environment supporting the 

design and the downstream phases has to be developed. 

Challenge 5: Development of an open, modular and extensible system architecture 

Feature-based design tools must have an open and modular architecture which 

allows them to be integrated in different CAE system environments. CAE system 
architecture can be developed by a complete separation of the functionality of 

the feature modelers from the underlying solid modelers. Thus, possibilities are 

offered to the users in modifying their feature modeler via integrating new fea

ture modeling facilities configurating the feature modelers to new applications 

without changing the solid modelers. 

4 FEATURE PROCESSING USING SINFONIA 

For supporting virtual prototyping through feature processing we introduce SINFONIA, a 
module for feature-based design which is configurable to users and applications within di

verse CAD environments, particularly in the area of mechanical engineering ( Ovtcharova, 

1994). The module has an open and modular architecture allowing the modification of ex

isting functionalities and integration of new modeling facilities and application tasks. 

The main modules of SINFONIA are the Feature Modeler and the Design Feature Manager 
(Figure 2). The Feature Modeler is responsible for the instantiation and modification of 

features and the creation of the feature- based model. The Design Feature Manager allows 

feature data and design processes to be managed in a uniform way. The CAD system envi

ronment in which SINFONIA is integrated consists of the following modules: the User Inter
face System and the Application modules (offering tools for interaction of the user with ap

plication specific part models and for communication with external systems and 

applications, such as NC modules, etc.), the Solid Modeler (responsible for creating the 

shape representation of the feature-based model), the Consistency Manager (providing 

services to handle all kinds of different constraints within the design environment) and the 

Product Database whiCh includes all services for storing and retrieving various product data. 

The central idea in SrNFONIA is that the design features defined and instanced from the fea

ture library are used to model a product part in a concrete application context. Their de-
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scription derives specific meaning from the view of the function of the product part, includ
ing shape data as well as non -shape data. Moreover, SINFONIA supports the users to define 
their own specific design features, thereby allowing to represent new types of products. This 
is accomplished by a design that foresees the interactive specification of design features by 
the user. The starting point of the design process are pre -defined design features delivered 
with the module. During the design process it is possible to combine pre-defined design 
features or to define new features and store them as user-defined design features. By repea
ting this process more and more complex design features are immediately available during 
the design process. 
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Figure 2 Feature-based design module within an open CAD environment 
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Figure 3 shows the feature processing pipeline for the creation and modification of pre-de

fined design feature objects. The design process will be activated by the application or the 
user interface level ( 1 ). This is done by selecting the correspond modelling operation such 
as create, copy, or modify the feature object. Th illustrate this process, the creation and mo
dification of a cylindrical blind hole feature is presented. 

Figure 3 
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Feature processing pipeline for pre-defined design features 

To insert a new design feature in the part model, an instantiation of the feature object will 
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ple, the instantiation of the cylindrical blind hole specifies automatically a form feature of 
type depression and a cross section of type circular. 
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In the case of a feature modification, a shape entity is selected and the feature is identified 

from the feature graph representation (2b ). This process of identification is handled by the 
feature evaluation and identification module. 

The next step in this process consists of the complete collection and consistency checking 

of the semantic feature data (3,4 ), for example, the parameters defining the feature. 

For our cylindrical blind hole, parametric data such as location (lcs), radius (r), depth (d) 
and material (mat) must be supplied. These data will be checked (without interference on 
the semantic of other features of the part model), as shown in Figure 4a and Figure 4b, 
through geometric analysis techniques of the part model. The results of this geometric ana
lysis can be used as input for the constraint solving process. The data can be collected and 

checked either interactively while designing or, non-interactively after all parameters are 

collected. If a semantic error occurs, the process returns for a correction of the inputted data 

or is aborted. 

After, the canonical form of the design feature is evaluated (5). This intermediate shape 
representation is used for the second phase of the consistency check: the detection of fea

ture interferences ( 6a ). Figure 4b shows a simple situation where only consistency checking 
on the parametric data is not sufficient in order to detect this interference. Even if the part 

model is described parametrically, a check on the parametric model representation can 

often be too complex. Moreover, it is some times not solvable. 

Figure 4a Creation of a semantically 
correct blind hole 

Figure 4b Modification of 
the cylindrical blind hole 

The parametric check ( d <H) is not enough 
to detect the semantic inconsistency of 

the blind hole 

At this stage of the design process, the following situation can occur: 

• no interference is found and the process continues; 

• interferences with other features where found but they do not change 
the semantic of the features in the part model; 

• interferences where found and the user aborts the process; and finally, 

• interferences allow a change of the object class and the process con
tinues. 
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This last situation is also illustrated on Figure 4b. The user had the creation of a blind hole 
in mind. However, the depth entered was to big and an interference was found. In this situa

tion the system can analyze if the entered data fits semantically in some other kind of design 
feature available in the modeler. In our example the suggestion could be the reinstantiation 
of a cylindrical through hole (6b). 

Finally, the design feature data are represented in the feature model. This representation 

consists of the creation of a node within the feature model and the insertion in the hierarchi
cal graph structure (7). This process is performed by the feature modeler and the feature 

graph handler. The insertion process detects all dependencies of this feature object to all 

other features within the graph. The corresponding solid model representation will be up

dated (8). 

5 CONCLUSION AND FUTURE WORK 

In this paper, we focused our attention on the design processing aspect of the whole virtual 
prototyping process. Some essential requirements for the computer-based representation 
of virtual prototypes using the feature paradigm have been identified as follows: First, to 
support the intuitive and creative work of the designer in different design phases, such as 

conceptual, embodiment and detail design. The models generated in the design phases have 

to be processed in downstream phases of the prototype development, such as analysis, 

manufacturing simulation, cost and quality estimation. Second, to support different levels 
of abstraction to build comprehensive semantic models. Third, a mechanism is needed to 

check the consistency of the semantic model based on feature constraints. Fourth, facilities 
have to be provided for applying constraints for easy and fast redesign based on parametrics 
and variational design methods and tools. Fifth, easy and fast configuration by using pre
defined and user-defined modeling entities is needed. 

To satisfy these requirements, an environment for integrated feature processing has to be 
developed. The system architecture of this environment has to be open, modular and exten
sible to allows the integration into different CAE systems. 

As part of such an environment, we proposed SINFONIA, a feature-based design module. 
SINFONIA has an open and modular architecture that allows to modify and extend existing 
functionalities, and to integrate new modeling facilities and application tasks. Two main 
modules, the Feature Modeler and the Design Feature Manager have been presented in de

tails. The Feature Modeler is responsible for the instantiation of features and the creation 

of the feature- based model. The Design Feature Manager allows feature data and design 

processes to be managed in a uniform way. Using SINFONIA, the users can work with stan

dard pre -defined design features delivered with the module, or to define dynamically their 
own specific design features during the design session. Furthermore, SrNFONIA allows the 
interactive definition of constraints concerning the product semantics. The CAD system en
vironment in which SrNFONIA is integrated has been outlined and the most important mo
dules have been briefly described. At this stage of our investigation, we do not provide an 



Virtual prototyping through feature processing 89 

overall implementation, but demonstrated that a sound conceptual foundation is necessary, 
achievable and realizable. Currently, an object-oriented version (C++ programming lan
guage) of the both modules, the Feature Modeler and the Design Feature Manager is in 
development. 
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