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Abstract 

In this paper a reference model for sharing product information in a concurrent engineering 

environment and suitable for virtual prototyping is presented. The model, called Feature 
Kernel Model, is feature oriented. It is able to support different functional viewpoints, i.e. 

different application dependent sets of features, and propagation of modifications from one 

view to another one, thus, allowing different experts to work simultaneously on the product 

definition and analysis. 
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1. INTRODUCTION 

Increasing global competition leads industries to bring competitively-priced, well-designed 

and well-manufactured products to market in timely fashion. Since decisions made during the 

design stage can have significant effects on product cost, quality and lead time, increasing 

research attention is being given to speed up part development taking into account all the 

considerations related to the product directly at the early design stage (Gupta et al. 1993). 

The design of a product part is the result of an interactive decision-making activity organised 

to conceive the idea for, to prepare the description of, and to produce the plans by which 

resources are converted into artefacts or devices to meet the human needs (Pefia et al. 1992). 

Traditionally, it is the result of the work of a team of experts. Firstly, the designer produces a 

part description according to what may be wanted and which needs should be satisfied. Then, 

this description is evaluated by the experts of the different activities involved in the 

production and use of the part. This evaluation activity makes designer go back to revise his 

design according to the suggestions of the different experts, thus requiring long time for the 

product definition. 

In order to avoid or at least to optimise this definition loop, all production requirements 

should be considered during the initial design stage. A help for the solution of this problem 

comes from the great advances gained in networking technology, groupware graphical user 

interfaces, multimedia, and the decrease of computing cost, that make possible real-time 

communication among team members working in a heterogeneous computer equipment and 

geographically distributed environment. These tools give the possibility to create a virtual 

environment in which all the experts involved in part definition and production can work 

together at the product development by performing all the necessary analysis in parallel and 

thus immediately returning suggestions of part modifications that can be simultaneously 

evaluated by the different members of the team and then accepted, refused or negotiated. 

For the development of a system based on such new design perspective, i.e. working in a 

concurrent engineering environment, it is possible to identify two main key points: 

the problem of data sharing between the users of the system: all the knowledge related to 

the product development has to be stored and should be visible, but each user should 

have the access rights only to what is meaningful for his specific application. Moreover, 

data modifications should be handled in a consistent way by the different viewpoints; 

a concurrent processes management: the processes that contribute to the product 

specification and have access to the product data base have to be synchronised, taking 

into account that the modifications should be proposed to each of the experts who can be 

interested in, and then, if accepted, they should be propagated to all the contexts. 

The first point is a big problem, since it involves the definition and the modelling of all the 

knowledge related to the product life cycle, from information strictly related to the object, 
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like its shape and its final behaviour, to information more related to the enterprise in charge of 

its construction as, for instance, manufacturing processes, tools, materials and other resources 

that are available. All these data should be modelled and encoded in a way usable by the 

involved experts. This means that each expert should have the possibility to look at the 

object model in terms of elements that are meaningful for his specific context. 

The second point is related to the problem of synchronising the access to the part description 

for performing analysis and inserting modifications, since the different actions may influence 

each other. A good co-ordination is necessary to give rise to a high-quality product 

specification in the shortest turnaround. A particular attention should be paid to the part 

model access: it is important to give a priority order of access to the experts and to define 

tools for negotiating the modifications to be performed. This means that the evolving design 

must be visible globally and its ramifications to any interested team member must be 

highlighted (Reddy et al. 1993). 

As a consequence, what seems crucial in a concurrent engineering design perspective is a 

complete but also high level definition of the part model and a mechanism supporting inter 

process communication. 

This paper focuses on the requirements that should be satisfied by the product 

representation in a concurrent engineering environment. In particular, a feature oriented 

reference model is presented, which is suitable for different application dependent views and 

for supporting a mechanism that propagates modifications to the different contexts involved 

in the design activity. 

2 FEATURE BASED MODELLING FOR CONCURRENT DESIGN 

The realisation that many important design tasks could actually be performed with the help 

of CAD systems has led to the development of several geometric modelling techniques. 

However, traditional solid models can only capture the information about the geometry of the 

parts. Furthermore, these models are built by non-intuitive means, such as Boolean 

combinations of geometric primitives or Euler operators, completely unrelated to the real 

engineering significance of the parts. As a consequence, the structure of these geometric 

models and their information content not always reflect the design intent and meet the 

application needs. 

The request for more powerful models has led to the emergence of feature technology. Since 

features of a part are shape elements with some functional meaning, they have been identified 

in the engineering community as the key entities that provide a convenient language for 

modelling product parts using both geometric and functional information and that allow each 

application to have its own view of the product. Depending on which analysis has to be 
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performed, the engineering meaning of a feature may regard the function that the feature 

serves, how it can be produced, which actions its presence must initiate, etc. (van Houten 

1991). 

This means that the concept of feature strictly depends on the application context, thus, 

different sets of features are necessary for describing a product from the different 

applications viewpoints. Moreover, considering multiple viewpoints, the same part of the 

object can be interested by more than one feature, thus, in general, these feature sets are not 

completely independent, in the sense that features identified in a specific domain may be 

partially or fully mappable to features in other domains (Shah 88). 

As an example, the object depicted in Figure l.a is described in terms of features partially 

overlapping, like slotl or slot2, meaningful in the machining context (see Figure I.e), which 

have some common boundary entities with the T -rib feature, meaningful for the assembly 

context (see Figure l.b ). 

(a) 

f2 
lot l f3 

j8 

(d) 

(b) 

(c) 

lot2 

Figure 1 An object (a), its features meaningful for assembling (b) and for machining 
operations (c) and the classification of feature boundary entities (d). 

The problem with the concurrent engineering design perspective is that all the features of 

interest should be represented at the same time in order to allow each expert to contribute at 

the right moment to the product design. 
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Crucial for the solution of this problem is a mechanism for mapping feature based models 

from one context to another, allowing the propagation of modifications between the different 

models and the communication between processes. 

In our opinion, the best solution is to define a common shape feature oriented model, where 

all the geometric and topological information about shape features are collected and organised 

in a way that allows dynamic management and easy updating. This representation can be 

considered the reference model for the product data base, since the context dependent 

technological information is externally stored and refers to the associated form features 

represented in the model. 

Concerning with the management of this structure, its application interface includes a 

mechanism that allows each expert to filter only the information of interest for his specific 

action and a mechanism of communication with all the other team members for the 

propagation of modifications. 

2.1 The reference geometric model 

A geometric model able to support concurrent design and virtual prototyping, must satisfy 

the following properties: 

o to be able to support multiple levels of geometric and functional abstraction with different 

amount of details in order to capture part information at different stages of the design 

process; 

o to be multiview, in order to be mapped into different application contexts; 

o to be general, in order to represent any kind of aggregation of geometric entities; 

o to be expressive enough to completely represent any information about feature structure 

(simple, compound, interacting, .. ); 

o to be independent from a specific solid modeler; 

o to be extensible in order to meet the requirements of future applications; 

• to be able to support different methods of feature-based modelling: the top-down 

approach, when feature information is directly available and can be used to design the part, 

but also the bottom-up approach necessary when features are the result of some modelling 

operations and have to be recognised and explicitly represented in the model. 

Based on these requirements, we have defined a new representation scheme for modelling 

with form features called Feature Kernel Model (FKM). 

The structure of this model is an adjacency graph, where each node corresponds to a set of 

boundary entities, and each arc connecting two nodes represents an adjacency relationship 
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between the corresponding object parts. In this structure, set of components can be grouped 

together in order to represent the features of the object. The components which belong to 

more than one feature, are labelled and express the intersection between overlapping features. 

The FKM is able to represent features of non-homogeneous dimensions, in particular volume 

and surface features, but also open face sets. In other words, it can handle non-manifold 

geometry, that allows to better satisfy the requirements of the different applications. For 

example, it is meaningful to represent features with volumes for machining analysis, since in 

this way they can be associated directly to the extent of material to be removed and to the 

corresponding machining processes. On the other side, surface features are more suitable for 

boundary-oriented applications, that is those applications that must associate information to 

a face, an edge or to a set of them. For example, in the handling context pairs of parallel faces 

can be relevant for robot arms, while in the assembling context, the mating features are the 

contacts among assembly components and can be represented by faces or edges of the object. 

This multiple choice for feature representation permits also to describe compound as well as 

intersecting features, keeping hierarchical relationships between components, where 

meaningful. 

The main advantage of the model is its dynamic structure that can be updated through the use 

of operators that insert or delete a feature, taking care of the model consistency and isolating 

the regions of interest for more than one viewpoint, where there can be conflict between 

different functional interpretations. 

2.3 Facilities for Collaborative Design 

The Kernel Feature Model is a good support for the complete description of the physical 

components of the product in the collaborative design activity. It is the means which relates 

the object geometric description to the domain-specific features, that incorporate process

related information that has not to be lost. 

In order to produce a neutral reference model, the technological information is stored in 

external structures and refers to the features represented in the model. In this way, the 

semantic, i.e. the high level interpretation of the part, is separated from the low level 

description, i.e. the geometric and topological information. 

In Figure 2, it is shown how the information related to the object depicted in Figure 1, is 

organised. The geometric and topological information is represented within the object B-rep 

and in the FKM graph, while the technological and functional information is separately 

stored and refers to the groups of components in the FKM. 
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APPLJCATIO 

Feature Kernel Model 

B·rep 

geome"ic and 
topological 
information 

Figure 2 The different levels of information for the object in Figure L 

Each application domain maintains visibility on the global model but it has access rights only 

to the features that derive from that domain. 

The set of geometric entities that are referred by more than one context, are fundamental for 

the communication between the different viewpoints. The intersection between feature are 

explicitly represented in the FKM and are associated to special nodes, which express an 

overlapping relationship between features. In Figure 2, for example, the nodes C2 and C4 

express respectively the boundary intersection between the slot 1 and the T -rib and between 

the slot 2 and the T -rib. 

When there is the need to modify a feature, a check on its components set is performed in 

order to see if the feature is fully or partially overlapping with other features . Through the 

components expressing the features intersection, it is possible to communicate the 

modification to the other contexts interested in the same part. During this phase, all the 

processes that are not involved in the negotiation can continue their work, if it does not 

influence the part proposed for modification. 

In Figure 3, some examples of modifications, which can be performed on the object depicted 

in Figure 1, are shown. From the context, where it is meaningful to describe the object in 
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terms of two slot features, as for machining processes, the expert can require to modify the 

dimensions of the width dl of the slots (Figure 3.b), or the depth d2 (Figure 3.c). In both 

cases, the proposed modifications affect the T -rib in a different point of view, the proposed 

changes should be validated in the other interested contexts, before their acceptance. As a 

matter of fact, an analysis for assembly will accept only the situation in Figure 3.b, since the 

situation in Figure 3.c does not fully satisfy assembly functional requirements. 

(a) (b) (c) 

Figure 3 Examples offeature modifications. 

3. CONCLUSIONS AND ONGOING RESEARCH 

In this paper a model for representing shape features of different dimension has been 

described. This model provides a good means for sharing product information and for 

supporting the propagation of modifications in concurrent design and virtual prototyping . It 

has been implemented in C++ language on the top of the non manifold boundary model 

provided by ACIS™ geometric modeler tool kit (ACIS 1994). The implementation is 

currently in progress. 

The model interface supports operations like creation, deletion and modification of the 

feature entities, it also provides tools to calculate feature intersection and dependencies. 

Through this model it is possible to define a mechanism that permits each application to have 

visibility on the global model and to have access rights only on what is meaningful in the 

specific context. The access on the information can be performed at different levels of 

specification, from the functional interpretation to the low level geometric description. 

A modifications proposed by one viewpoint is immediately highlighted to the other 

viewpoints, through a propagation mechanism that works on the structure, and then 

performed only after the acceptance of all the other experts. 

Since this model has been developed with the aim to be extensible by applications, an 

attribute handling mechanism is available, that gives the possibility to each application to 
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define its own set of attributes and to associate them to the shape features in the model (De 

Martino eta!. 1994a). 

Our future work will mostly focus on the integration of the FKM in a system that combines 

different feature modelling techniques (i.e. design by features and automatic feature 

recognition) sharing the same product database (De Martino et a!. 1994b), and on the 

extension of the model for better representing parametric information. 
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