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Summary

The present Ph.D. thesis addresses the problem of knowledge-based engineering template update
in product design. The reuse of design knowledge has become a key asset for the company’s
competitiveness. Knowledge-based engineering templates allow to store best practices and know-
how via formulas, rules, scripts, etc. This design knowledge can then be reused by instantiating the
template. The instantiation results in the creation of an instance of the template in the specified
context.

In the scope of complex and large products, such as cars or aircrafts, the maintenance of
knowledge-based engineering templates is a challenging task. Several engineers from various disci-
plines work together and make evolve the templates in order to extend their capabilities or to fix
bugs. Furthermore, in some cases, the modifications applied to templates should be forwarded to
their instances in order that they benefit from the changes. These issues slow down the adoption
of template technologies at a large scale within companies. The objective of this work is to propose
an approach in order to support engineers in the template update related tasks.

In order to address these issues, a process supporting the template update related tasks is
defined. Then a framework is proposed that helps design engineers during the template update
process by providing a decision support system and a strategy for the update of template instances.
The former is a system designed to ease the collaboration between various experts in order to solve
template related problems. The latter aims at providing a sequence of updates to follow, in order
to forward the templates’ modifications to their instances. This sequence is computed with data
extracted from models and templates, which are stored in an ontology designed for this purpose.
The ontology is used to represent and to infer knowledge about templates, products and their
relations. This facilitates the construction of update sequences as it provides an efficient overview
of relationships, even implicit ones.

Keywords: Knowledge-Based Engineering, Knowledge Template, Update Strategy, Ontology,
Scheduling, Issue-Based Information System, Computer Supported Collaborative Work.
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Résumé

Les travaux de recherche présentés adressent des problemes de mises a jour de knowledge-based
engineering templates dans le cadre de la conception de produits. La réutilisation de connaissances
de conception est devenue un avantage clé pour la compétitivité des entreprises. Le savoir faire
ainsi que les bonnes pratiques peuvent étre stockés au sein de templates par le biais de formules,
regles, scripts, etc. Ces connaissances de conception peuvent alors étre réutilisées en instanciant
le template. L’instanciation résulte en la création d’une instance du template dans le contexte
spécifié.

Dans le cadre de produit complexes et imposants tels que des voitures ou des avions, la mainte-
nance des templates est une tache ambitieuse. Plusieurs ingénieurs de diverses disciplines travaillent
ensemble et font évoluer les templates pour augmenter leurs aptitudes ou pour corriger des prob-
lemes. De plus, dans certains cas, les modifications faites aux templates devraient étre appliquées
a leurs instances a fin qu’elles puissent bénéficier de ces modifications. Ces problémes ralentissent
I’adoption a grande envergure des templates au sein des entreprises. L’objectif de ce travail est de
proposer une approche a fin d’épauler les ingénieurs dans les taches relatives a la mise a jour des
templates.

Pour traiter ces problemes, un processus adressant les taches relatives a la mise a jour des
templates est défini. Ensuite, un framework est proposé dans le but d’aider les ingénieurs de
conception au cours du processus de mise a jour, en fournissant un systeme d’aide a la décision
ainsi qu’une stratégie de mise a jour des instances. Le premier est un systéme congu pour faciliter
la collaboration entre les différent experts dans le but de résoudre les problemes liés aux templates.
Le second a pour but d’élaborer une séquence de mise & jour a fin d’appliquer les modifications du
template a ses instances. La séquence est calculée avec les données extraites a partir des modeéles
CAD et des templates. Ces données sont stockées dans une ontologie congue spécialement a cet
effet. L’ontologie est utilisée pour représenter et inférer des connaissances sur les templates, les
produits et leur relations. Cela facilite la construction des séquences de mises a jour en fournissant
une vue d’ensemble sur les relations entre documents, méme implicites.

Mots clefs : Ingénierie a base de connaissances, Knowledge-based engineering template, Stratégie
de mise a jour, Ontologie, Ordonnancement, Systéeme d’information pour 'aide aux processus de
décision, Travail collaboratif.
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Introduction







General Introduction

Context and objectives

OWADAYS, high-end industries such as the automotive or aerospace industries are designing
N products that are more and more complex and that integrate various disciplines in their
design. The increasing sophistication of products, short development cycles and heavy competition
lead to an increased complexity in the product development.

Since few decades ago, computers are used to assist designers in several tasks, such as design
(Computer-Aided Design), manufacturing (Computer-Aided Manufacturing) or analysis (Computer-
Aided Engineering). Computers have given the opportunity to create more complex products and
to face new challenges.

One of these challenges concerns the collaboration between designers. The life cycle of industrial
products is complex and involves several engineers with different knowledge and expertises, who
are engaged in different activities for, under circumstances, a multitude of years. Furthermore they
have different views on the product design according to their functional concerns. These views are
translated into different models of a product, which need to be accommodated in a comprehensive
description of the design product. Moreover these engineers can be located at different places of
the world. This has led to the emergence of collaborative platforms that allow several stakeholders
(or even teams) to work efficiently together on a project from distant places. In the design domain,
collaboration is essential in order to successfully release a product in time and with good quality.
However, the interaction between several engineers with different points of view is a source of
conflicts and misunderstandings due to, for instance, differences between domains vocabulary.

Besides collaboration, another key factor and challenge in modern product design is the ability
to reuse existing knowledge in design, products or processes. The standardisation and the use
of common parts and platforms is a key factor for efficiency in several high-end industries, such
as the automotive industry. Product diversification and the increase of the model range have
motivated new Information Technology (IT) tools and have impacted the product development
process. In this area, one major change during the last years is the emergence of Knowledge-Based
Engineering (KBE). KBE is a large field at the crossroads of Computer-Aided Design (CAD),
artificial intelligence and programming. KBE aims at facilitating the reuse of knowledge between
designs. It results in a speed-up of the design and thus leads to a reduction of product design time
and costs. From the various tools provided by KBE, this work is focussing on knowledge-based
engineering templates.

Knowledge or KBE templates are intelligent applications that aim at storing know-how and
facilitate its reuse. A knowledge template can be, for instance, a CAD model defined through KBE
elements like formulas or scripts, in order to create dynamic components that can adapt themselves
to various contexts. Templates are efficient solutions to share, for example, intelligent CAD models
between several assemblies like cars within a model range. KBE templates are a recent technology
that, in spite of their benefits, are currently used on a small scale by the industries. A hindrance
to their adoption concerns their maintenance.

The two major issues of this emerging technology were defined and investigated: the collabo-
rative search of design solutions for the update of a template, and the forwarding of the applied
modifications to the instances of templates, which are the result of the use of a template in an
assembly.

This work has been carried out in the scope of an industrial agreement for training through
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research! (CIFRE). This agreement resulted in a collaboration between PROSTEP AG?, a Ger-
man company and two French laboratories. On the one hand there is the Laboratory of Computer
Graphics, Images and Information Systems® (LIRIS) located in Lyon, wherein I was part of the
Service Oriented Computing* (SOC) team. On the other hand is the Image Sciences, Computer
Sciences and Remote Sensing Laboratory® (LSIIT) based near Strasbourg in which I was a mem-
ber of the Data Mining and Theoretical Biolnformatics® (FDBT) team. During this work I was
supervised by Prof. Parisa GHODOUS from the LIRIS laboratory and Prof. Pierre COLLET from
the LSIIT. Dr. Thomas Dusch was the industrial supervisor.

Contributions

This work resulted in the elaboration of a framework for the template update. A methodology and
corresponding tools are presented in order to support defined tasks related to the template update.

A process has been defined in order to guide the users during the different steps of the methodol-
ogy. The process is decomposed into three main parts, which contain the three main contributions.

The first part of the process supports engineers when looking for a design solution about
the evolution of a template. For this purpose an argumentation-based decision support system is
proposed. This system provides a structured decision process. It also allows to store and document
the evolution of each template. This whole part eases the collaboration and allows to seamlessly
document the template evolution.

The second part of the process is designed to create a computer processable and understandable
representation of CAD documents and their relations. For this purpose an application ontology
has been defined in order to represent and infer knowledge about CAD models, documents and
their relationships. A software has been developed in order to extract information from CAD
documents. The extracted information is then used to instantiate the ontology. The content of
the ontology can be visualised in a tool that has been developed for this purpose. Thanks to the
ontology and reasoning, explicit and implicit knowledge about documents are gathered in a unique
location and can be used for many purposes.

In the third part, an algorithm has been designed in order to generate sequences of updates,
which support engineers when forwarding the modifications applied to a template. This algorithm
uses the knowledge present within the ontology for the computation of the sequence. The under-
lying CAD system is abstracted through generic concepts that are instantiated via inference on
the ontology. The computed sequences allow to process documents concurrently if the necessary
resources are available. Three approaches for the update of a template are also proposed. By using
the generated sequence, the time consuming task of defining the update strategy is automated and
thus the precious engineers’ time is saved for more value-adding tasks.

The CATIA V5 CAD system has been used along this work for the illustration and as a
foundation for the concrete applications. An analysis of this system has also be realised in the
scope of this work.

Organisation of the manuscript

This manuscript is divided into six parts, for a total of thirteen chapters.
The first part is an introduction of the work.

e Chapter one presents the scope of the research work, describes knowledge templates, which
are the main concepts addressed in this work, and introduces the studied issues.

'http://wuw.anrt.asso.fr/fr/espace_cifre/accueil.jsp?r=3&p=1
2http://www.prostep.com
Shttp://liris.cnrs.fr/?set_language=en&-C=
4http://liris.cnrs.fr/~soc/doku.php?id=current
Shttp://1siit.u-strasbg.fr/
Shttps://lsiit-cnrs.unistra.fr/fdbt-en/index.php/Main_Page

’\/4f\/


http://www.anrt.asso.fr/fr/espace_cifre/accueil.jsp?r=3&p=1
http://www.prostep.com
http://liris.cnrs.fr/?set_language=en&-C=
http://liris.cnrs.fr/~soc/doku.php?id=current
http://lsiit.u-strasbg.fr/
https://lsiit-cnrs.unistra.fr/fdbt-en/index.php/Main_Page

The second part of the manuscript presents the state-of-the-art and related works.

e Chapter two presents different ways to represent knowledge. The focus is put on ontologies,
the methodologies that are used to design them and also the available representation lan-
guages. Among the ontology representation language, the Web Ontology Language has been
studied more extensively.

e Collaborative environments and decision support systems are presented in chapter three.

e Chapter four exposes some basics about graph theory, more especially about dependency
graphs, dependency management and related algorithms.

e Chapter five introduces the current research status and applications of knowledge templates.

Part three is dedicated to a case study.

e Chapter six presents a study of the CATIA V5 CAD system that has been realised. It
presents the template technologies, but also the links and relations within CATIA V5. A
section is also dedicated to the available APIs to manipulate this system and access to the
content of the CAD documents.

The contributions of this work are gathered in part four.

e Chapter seven provides an overview of the proposed approach to solve the templates update
related issues. The designed process of the global methodology is described. It also gives a
short introduction to each realised contribution.

e The proposed approach for collaborative issue solving is presented in chapter eight. In this
chapter the main concepts of the system are detailed as well as their use and benefits.

e Chapter nine addresses the designed ontology. The followed ontology design methodology
is presented as well as the result of each step of the methodology. Thereafter the resulting
ontology is presented.

e Chapter ten describes how the modifications forwarding problem is defined and how the
update sequences are computed. Two algorithms were tested in order to compute an update
sequence. An approach to smartly retrieve documents from Product Data Management
systems is also exposed. Finally three approaches for the actual template update task are
described and compared.

Part five presents the realised developments as well as a scenario wherein the methodology is
applied.

e Chapter eleven introduces the developed tools that support the methodology.

e Chapter twelve presents a scenario on which the methodology is applied and evaluated. In
this scenario a template requires an update. The process will be followed in order to find a
solution, apply it and forward the modifications to the instances of the modified templates.

Part six concludes the dissertation.
e Chapter thirteen summarises the realised work, explains the choices and points out the ex-

pected results from the application of this framework on real cases. Finally it opens perspec-
tives and specifies possible enhancements to this work.
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CHAPTER 1. KNOWLEDGE TEMPLATES UPDATE PROBLEMATIC

1.1 Knowledge in product design

1.1.1 Computer-aided design

Design is a creation process that in industry refers to the invention and development of a product
or a service. Computer-Aided Design (CAD) is the use of computer technologies and software to
assist persons in design activities, such as architecture, art or engineering. The engineering and
product design field are the focus of this work.

CAD software started being used in the industry during the 1970’s [MACULET AND DANIEL|
2004). At this time CAD software were mainly two dimensional drawing tools. Their objective was
to replace the drawings on drafting tables. CAD software provide graphical tools and component
libraries that speed up the design. Furthermore they allow computer supported archiving of product
models. The next step was the three dimensions design software that were the outcome of the
increase of computers’ processing power and research work in computer science fields like 3D
computer graphics. This volume modelling was pushed by aerospace and automotive industries in
the 1980’s. Today in addition to the 3D design approach, most CAD systems are feature-based,
which means that the design is based on the combination of sketches and operations enriched with
a functionality (features), such as holes, chamfers, extrusion, rotation, etc. instead of primitives
that can be added or subtracted.

Besides CAD, other technologies related to product design have to be mentioned:

Computer-Aided Engineering (CAE) is a domain that embraces CAD. Its aim is to support engi-
neers in various tasks that include design, analysis, manufacturing, simulation, etc.

Computer-Aided Manufacturing (CAM) consists in assisting engineers in the manufacturing pro-
cess. IMCLEAN [1993] described it as “the use of computerized tools in the application of
scientific and engineering methods to the problem of design and implementation of manufac-
turing systems.” The common process is that CAD models are transferred to a CAM system
that allows the designer to define a sequence of manufacturing processes or instructions that
can be understood by numerically controlled machines.

Digital Mock-Up (DMU) aims at reducing the number of physical product mock-ups in early de-
sign phases by providing digital ones. The DMU technology allows the virtual simulation
of products and their components at a lower cost and lead to a reduced time to market
[JACKSON, [2006].

Nowadays CAD software allow to integrate more than just geometrical concepts into the CAD
models. Within the two past decades, information about the product and its design intent, more
specifically knowledge, has been integrated and is now managed by design software. The use of
this knowledge has become popular in CAD and is referred to as Knowledge-Based Engineering.

1.1.2 Knowledge-based engineering

1.1.2.1 Definition of knowledge

In the literature various definitions of the term “knowledge” can be found. Some are philosophical
such as “justified true belief” from Plato. Others are more recent and were proposed in the scope
of knowledge-based systems. [FROST| [1986] defined knowledge as “the symbolic representation of
aspects of some named universe of discourse.” [MILTON| [2008] proposed a more narrowed definition
that focuses on tasks and on the context where it is used. His definition is condensed in a sentence
that is presented in figure [I.1]

The Oxford English Dictionary’s definition of knowledge is defined by the three following state-
ments:

e The expertise and skills acquired by a person through experience or education: the theoretical
or practical understanding of a subject.
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ability manipulate data perform skilfully
Knowledge is the skill to ¢ transform information » to ¢ make decisions
expertise create ideas solve problems

Figure 1.1 — Definition of knowledge 2008|.

e What is known in a particular field or in total: facts and information.
e Awareness or familiarity gained by experience of a fact or situation: “He denied all knowledge
of the incident.”

As you can see, there is no single agreed definition of knowledge.

In the design domain, the knowledge are the know-how and best practices. It usually comes
from the experience and is a strategic resource.

Knowledge-based Engineering (KBE) is a large field at the crossroads of Computer-Aided De-
sign, artificial intelligence and programming. It aims at the capture, the storage and the reuse/-
transfer of domain expert design knowledge, design intent, best practices and know-how. As the
engineering process becomes increasingly more complex and the competition requires shortened
time to market and cost reductions in developments, KBE has become usual for the design of com-
plex systems. defined KBE as “the use of advanced software techniques to capture
and reuse product and process knowledge in an integrated way.” To this definition, KBE can be
seen as the meeting of design automation and knowledge management.

1.1.2.2 Design automation

Automation is the action of making “a process in a factory or an office operated by machines or
computers, in order to reduce the amount of work done by humans and the time taken to do the
work.”? In mechanical design, the increase of the product complexity during the last decades has led
to the automation of many tasks in manufacturing but also in design. In this domain, automation
is the combination of parametric design, formulas, rules, scripts and software programs. With
automation it is possible to create dynamic CAD models that react on parameter change and, for
instance, modifying the contained geometry. The process of generating geometry by using a set
of rules or algorithms is referred to as generative design [1997]. It allows to rapidly
and easily create various design variants. The figure [[.2) presents three different configurations of a
platform and its staircase created through automation. Nowadays automation aspects are included
in most CAD software.

(b)

Figure 1.2 — Design variants generated by parameter changes within CATTA V5 CAD system.

IDefinition from Cambridge dictionary
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However [PRASAD]| [2005] considered that some KBE applications are not “true” KBE applica-
tions. He pointed out five qualities that describe “true” KBE application:

Dynamic: data is updated based on input changes.
Generic: it can be adapted to various situations.

Generative: new geometry or bodies can be created automatically from old ones based on changes
in the input specifications.

High-level: a small amount of KBE code produces significant impact on objects.

Demand driven: the system is aware of the sequence in which the rules are triggered (the user has
not to worry about it).

ALVARADO et al.| [2007] talked about intelligent automation within companies. Intelligent au-
tomation is a trend in industrial automation that needs systems that are able to handle knowledge
and information more efficiently. This trend comes from numerous factors like competitive pres-
sure, reduced time, complexity, flexibility, etc. It has an impact on CAD systems, process control,
management, etc. and goes by knowledge management aspects. The application of intelligent
automation in design is considered as KBE.

1.1.2.3 Knowledge management

In the automotive and aeronautic fields, manufacturers have been faced to several changes in their
environment since several years. They have to adapt to the market where products become more
and more complex and innovative. At the same time the products’ time to market gets shorter and
the amount of data to handle keeps on growing. All these changes have brought about the age of
industrial automation where knowledge and know-how has become a key business asset [ALVARADO
et all [2007].

Knowledge Management is a topic that gathers techniques and tools in order to take advantage
of intellectual assets in the company |[GRUNDSTEIN, [2000]. It aims at identify relevant knowledge,
extract it, then store and represent it in a suitable way, and finally facilitate its reuse. Companies
introduce comprehensive knowledge management at the end of the 90’s for its various benefits:

Prevent knowledge loss (retirement, turnover. . .)

Facilitate knowledge sharing, transfer within the organisation
Improve/support training

Automate tasks

Future knowledge reuse

Another aspect of knowledge management is the protection of this knowledge. As knowledge
has become a key asset, companies need to protect it and prevent knowledge leaks. Today, large
companies outsource parts of their production or development to companies that can be located
anywhere in the world. Within this collaborative environment, documents containing company’s
know-how are exchanged. This can lead to knowledge leaks or plagiarism. To prevent company’s
intellectual property from being “stolen,” it has to be protected. This is called Intellectual Property
Protection (IPP). It has become a hot topic within KBE field. Examples of IPP solutions are access
protection or knowledge filtering [ANTEGNARD et al, 2006].

However knowledge management is a complex task, especially the capture of experts’ knowl-
edge. It is hard to acquire and formalise implicit, or also called tacit knowledge, which is knowledge
difficult to express as it can come from experience, know-how, intuition or automatisms. Ex-
plicit knowledge is, contrary to tacit knowledge, what can be written down, shared or expressed.
POLANYI [1967] calls “tacit knowing” as the fact that “we can know more that we can tell” To
support knowledge management steps, some methodologies and tools were developed.
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1.1.2.4 Knowledge management methodologies in engineering design

In order to provide a structured way to identify, collect, structure and formalize engineering knowl-
edge, several methodologies where created. These methodologies provide tools and define processes
to guide and to allow the development of Knowledge-Based Systems (KBS). KBS are computer sys-
tems that can infer, explain or support decision by using artificial intelligence tools on knowledge.
The main challenge remains to efficiently capture and represent the information.

One of these methodologies is the Knowledge Acquisition and Documentation Structuring
(KADS) [WIELINGA et al.,|{1992]. It is a knowledge acquisition methodology to support knowledge-
based systems development, whose origins are in the European ESPRIT project P1098a [ESPRIT].
CommonKADS [SCHREIBER et al. [1999] is a new methodology that has grown out of KADS and
that aims at covering the entire knowledge-based system life cycle.

Protégé-I1I [MUSEN et all [1995] is a framework that supports KBS creation. It is composed
of two main tools, MAITRE that allows to browse and edit domain ontologies, and DASH that
generates a specific graphical knowledge acquisition tool. A library of problem-solving methods is
also provided in order to solve application tasks with the acquired knowledge.

Another available methodology is the Model-based and Incremental Knowledge Engineering
(MIKE) |[ANGELE et al.,[1998]. It is an incremental process that integrates a formal, a semi-formal
and an operational description formalism. The formal and executable model is specified with the
Knowledge Acquisition and Representation Language (KARL).

However these methodologies are considered as too generic to address KBE and, except Com-
monKADS, are not much used to build KBE applications. Thus more specific methodologies to
address KBE were developed. The leading KBE methodology is called MOKA which stands for
“Methodology and tools Oriented to KBE Applications” MOKA [OLDHAM et al.,|{1998; |STOKES),
2001] is the result of an European project, started in 1998 with a duration of 30 months, which
the main goal was to provide a methodology for developing and maintaining KBE applications.
It also aims at reducing the cost and time of developing KBE systems as well as to provide tools
to support the methodology. Figure [I.3] presents the life cycle of KBE as it was identified in the
MOKA methodology. The life cycle is composed of six phases:

1. Identify and define the requirements, aims, the scope, and knowledge sources for the KBE
system.

2. Estimate the costs, resources requirements and the project risks.

3. Capture and model knowledge from domain experts by using ICARE (Illustration, Con-
straints, Activities, Rules, and Entities) forms to create an informal model [CARE FORMS].

4. Convert the knowledge into a formal model based on the MOKA Modelling Language which
is based on UML.

5. Develop software applications for the system based on the formal model.

6. Distribute and support the KBE system to end users.

More focussed on the storage, [LIESE| [2003] proposed an object-oriented 3D-CAD representation
for design knowledge. Knowledge relative to the function, shape, behaviour and methods are
addressed. A matrix, called WA-RE matrix, organising in a hierarchy and classifying knowledge
types and knowledge representations has been defined. It is a central component of this approach
in order to represent each type of knowledge the right way. Then knowledge can then be stored into
CAD models and parametrised CAD models by using the different tools provided by the various
CAD software, in order to reuse knowledge.

1.1.3 Applications of KBE

CRABB| [1998] has predicted that KBE will have as much importance in 2010 for companies as
CAD/CAM/CAE had in the 1990’s decade. The numerous applications that use and show the
benefits of KBE confirm this statement.

Thttp://webl.eng.coventry.ac.uk/moka/lifecycle.htm
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Figure 1.3 — KBE application life cycle as identified in MOKA®.

CHAPMAN AND PINFOLD| [2001] presented a KBE system able to generate adequate models for
the analysis of CAD models. An application on “Body in White” was presented, which is the metal
sheet structure of a car, wherein finite elements analyses are undertaken to test the structure. By
generating adequate models, the KBE system avoids the duplication of models and speeds up the
response time after design changes. VAN DER ELST AND VAN TOOREN [2008] presented a KBE
application coupled with optimisation that reduced the reassignment time of aircraft electrical wire
pins by 80%. This has been achieved through the reduction of recurring tasks.

More generally, KBE shows its advantages for reducing design time and thus saves time for
creative or innovative tasks, but also gives the possibility to generate an increased number of
design concepts with the same model. Figure presents different configurations of a platform
and its corresponding staircase. Configuration (a) shows the platform at three meters height. In
configuration (b) the height is changed to two meters and also the type of the guardrail. From
configuration (b) to (c), the spacing between the steps has been increased, the angle of the stair
changed from 45° to 38° and the guardrail fixation was modified. Changing the configuration took
only a few seconds to be effective whereas designing a new platform or modifying an existing one
could take hours. Furthermore the validity of the models is checked by rules.

Figure shows the theoretical influence of KBE on design tasks, where one can see that
routine design tasks take a shorter time. This time reduction profits to creative design and to
the reduction of global project duration. The efficiency of KBE is obviously depending on each
applications and their knowledge reuse possibilities.

KBE also allows to represent the multidisciplinary aspects of products [LA ROCCA AND VAN
TOOREN, [2005]. KBE started to be used in design but it has rapidly reached other fields like
manufacturing or analysis such as for the Finite Element Method [KULON et al., [2006].

Thanks to KBE it is also possible to create intelligent CAD models in a generic way so they can
be used in various contexts. For instance, | SKARKA|[2007] applied the MOKA methodology to ease
the creation of generative models in CATIA V5. MOKA’s forms were used to capture knowledge
whereas the formalisation and the packaging of the knowledge was realised within CATIA V5.

1.1.4 Summary

The main usage of KBE is to support and improve the design of complex mechanical systems by
automating repetitive and non-productive activities. It also allows to enhance the product quality
and to reduce time to market and costs. Hence KBE allows to take a competitive advantage [GAY,
2000]. This is achieved through the capture and the reuse of knowledge. Strength of KBE in
product development is provided by automation tools like scripts or rules, which bring intelligence
and a knowledge storage solution. By using automation, KBE also allows to easily generate various
design variants from a single model.



1.2. KBE TEMPLATES

20 % 80 %
CAD
Innovative
design Routine design
-+ : >
Overall scope (time) of the project 100% _
- ) >
1 n
e ----
——— >
1
--------- -l -
AEee
I
KBE !
)
R
Minimized
) routine
Increased creative design design
time time

Figure 1.4 — Benefits of KBE use on main design tasks [SKARKA) [2007].

SANDBERG| [2003] listed benefits and drawback of KBE. The major benefit is the reduction
of the lead time for product development. The time reduction concerns products that own the
three following properties: high degree of similarity to reuse knowledge, large amount of design
configurations and large number of design processes that can be automated. Product optimisation
is also easier because better configurations can be found within a shorter time. The knowledge
captured within models reduces the risks related to staff turnover. The last listed benefit is re-
lated to the automation of repetitive work leading to an increase of time available for innovative
tasks. As drawback SANDBERG| [2003| pointed out the time needed to build correctly KBE mod-
els. The added value of resorting to KBE should be evaluated regarding the time needed for its
implementation. KBE should be avoided in some circumstances like when the design is too simple,
when technologies are continuously changing or when it is not possible to access or isolate product
knowledge [STOKES| 2001]. Regarding knowledge transfer efficiency, KBE users should still be able
to access the definition and not use KBE elements as “black boxes.”

As introduced in this section, KBE is a large domain that can not be comprehensively presented
here. In the scope of this work, the focus is oriented towards KBE templates, which are generative
and intelligent applications.

1.2 KBE templates

1.2.1 Template concept

Knowledge-based engineering templates are intelligent and generative applications that aim at
storing design knowledge and restore it in an easy, fast and convenient way. They have the capa-
bility to adapt themselves to a given context regarding some provided inputs from the context, in
order to fulfil a function, such as provide geometry or do some calculus. This is achieved thanks
to KBE elements, e.g., formulas, rules, scripts, etc. Templates can be considered as ready to use
models that can be referenced and used from libraries in the same way as CAD design features.
An example of KBE template could be a car wheel CAD model that takes as input the diameter,
the width and the type of rim. With one model it is possible to generate multiple wheels for one



CHAPTER 1. KNOWLEDGE TEMPLATES UPDATE PROBLEMATIC

or more cars with different configurations in a few seconds. In this way, future developments will
be faster and of a better quality as previous mistakes would be avoided.

The template concept is referred to by several terms in the literature: “High Level Primitives”
|[ILA RoccA AND VAN TOOREN, 2005], “CAD/knowledge/KBE templates” [ALANI, 2007; ARNDT),
2007; [KATZENBACH et al., [2007] or simpler, “generative models” [SKARKA, [2007]. All these des-
ignations are valid and it has been decided to refer to them as “KBE templates” as it is self
explanatory. The term “template” refers to a generic and reusable element like text processor doc-
ument template, which has a predefined and ready to use style. The acronym “KBE” defines the
domain of the template as well as its foundations. KBE templates are also referred to as knowledge
templates or simply templates in the rest of this manuscript.

The use of knowledge templates has been pushed by numerous factors. Templates are used
to store and reuse specific know-how or best practices within a company. This knowledge can
concern a component or a process. Production process related aspects can also be integrated
into the template. Another aspect is that templates can contain workarounds to specific design
problems that can appear in specific configuration. These workarounds can be triggered thanks
to rules and thus avoid engineers to fall into common issues. The templates mechanisms can also
be used to provide standardised models. The standardisation and the use of common parts and
platforms is a key factor for efficiency in the automotive industry [DUDENHOFFER), 2000]. So one
template document can contain several standardised configurations of a part. This will simplify
the maintenance of the set of standard models of the same type as all variants will be gathered
within a single model.

KBE Template

Inputs of the template === Adapter

Publications

-~ Functionality

Publications

- Output

(Publications J=====> Outputs of the template

Figure 1.5 — Generic structure of a KBE template with data flow.

Figure [I.5] presents the generic structure of KBE templates. A template can be seen as a box
with inputs that are set during the instantiation process (detailed in section and outputs.
The inputs and outputs can be of various types like geometry elements or parameters. Basically
the content of the template can be divided into three parts. First the “adapter” that gathers
the inputs of the template. The adapter model, which is also sometimes referred to as skeleton,
is composed of basic geometry elements (point, lines, planes...) that drives the “functionality”
part of the template. An example of an adapter model is depicted in figure [[.6] which presents
a skeleton driven by KBE elements and some geometrical inputs. The main components of a
template is the “functionality” part, which implements the function of the template, e.g., calculus
or geometry generation for a CAD template. It is driven by references on the adapter model and
thus morphs with it. The “output” part is an interface, which provides references to specified
elements within the functionality part. The template designer can expose important component or
data of the template, so they can be quickly identified be the template users. Data flow (arrows)
is based on “publications,” which are formal outputs. The aim of using publications is to provide
a named reference of an element within the document, that can be easily recognised and referred
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Figure 1.6 — Adapter model/skeleton example within CATIA V5 showing KBE elements and
some inputs.

to. So if the content of a document changes, the links between documents will not be broken as
the elements inside the document are not directly referred to. Figure[L.5also shows that templates
have a hierarchical structure.

Templates are “living elements,” which evolve during their life cycle. Figure shows the
various phase of a knowledge template life cycle. Templates are designed to fulfil a function. They
are an appropriate approach in order to integrate proven concepts into new products
. So the first step is to design the template structure and content in order to provide the
functionality. Once created, it is tested in order to fix any issue before putting it into production.
The package step aims at gathering template resources that are elements related to the template
design, such as testing contexts or the template’s documentation. Then comes the deployment step
where the template is made available to engineers who can use it in their design. The following
step concerns template maintenance. Templates can be updated for various purposes such as to fix

@—>| Design

repgace
template?

o Do)

Figure 1.7 — Knowledge template life cycle.
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Table 1.1 — Detail level classes of templates according to [ARNDT et al.| [2006).

Template class Detail level Examples
Function template 10% Automotive
Concept template Limousine, Cabriolet, SUV
Version template + Class C, Class S
Model 100% Mercedes S 350

bugs or to fulfil new requirements. For each update a new version of the template is created. After
the update, the template goes one more time through the test and package phases before being
deployed. The last step of a template life cycle is its depreciation. Within this step, the template
is removed from production and may be replaced by a new one.

Before deploying a template, it has to be packaged. A template package contains the template
with a set of resources that are needed or used by the template during its life cycle. The package
contains tests resources like specific contexts used to validate the template, the template documen-
tation and scripts. Template resources can also be shared between several templates, for example,
the same validation script can be used by various templates.

1.2.2 Classification of template types

Design templates can be utilised for a broad range of CAE/CAD/CAM design tasks. This section
summarises the various template classifications found in the literature.

ARNDT et al|[2007] defined three main template types. Geometrical templates or CAD tem-
plates that are parametric CAD models. Study templates that are CAx models for validation.
Downstream or process templates that are CAx models based on reliable computation and manu-
facturing principles.

Another classification proposed by [MBANG| [2008] focused on feature templates. Feature tem-
plates are small construction elements that have the same purpose as templates. These feature
templates are used to raise the detail level of models or other templates. |MBANG| [2008] differ-
entiated two categories of feature templates. First, functional features that are features having a
direct relationship with the design process, such as standardised holes or a flange. Second, forma-
tion features that are related to the forming process, e.g., flanges or corrugations. Both categories
are created according to the design process information stored in the template.

ARNDT et al.| [2006] introduced a classification according to the detail level of templates. This
concerns especially geometrical templates. They defined four classes that are presented in table
The higher level class, called function template, provides few details, but a basic product
structure and function elements. An automotive template with the position of the four wheels,
the engine position at the front, etc. is given as example. The concept templates provide a more
detailed version and variant of function concepts. For the car example, concept templates could
be a type of car, such as a cabriolet or a SUV. Finally there are the implementation templates.
They are assemblies or models that provide a high level of details, close to the complete geometry
representation.

KATZENBACH et al| [2007] presented another view that makes the correspondence between
external factors and a template-based design phases (see figure . The concentric layers present
the template-based design phases with the corresponding template types. These template types are
close to those presented by |ARNDT et al.| [2006]. The evolution of the phases goes from the outer
ring towards the center. The first phase at the periphery corresponds to the function-template.
Like the previous definition it is a model providing rough geometry. Then comes the concepts
template that includes specific characteristics. Study-templates are used to validate the functional
principles put in place in the previous phase. The part-template phase corresponds to a detailed
geometry based on the previous implemented concepts within the model. Like in table [[.I] the
degree of detail increases when going towards the centre. All over the figure are reported the
external factors that should be taken into account for each phase.
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Figure 1.8 — Template-based design phases represented by the rings with their corresponding
template types, levels of detail and external factors [KATZENBACH et al., 2007].

The process of using a template is called instantiation and results in the creation of a template
instance.

1.2.3 Template instances

Instantiation is the process that consists in creating a copy of the template and of putting it into
a specific context. The context defines where the template is used. It can be an assembly, a part,
a process or even another template, where the latter would lead to template interweaving. During
the instantiation process the inputs of the template instance are assigned. Figure [1.9] presents the
structure resulting of the instantiation of a template. The result obtained is a template instance
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Figure 1.9 — CAD template in its context with link flow MARNDT et al.]7 |2006ﬂ.
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that receives input data from various sources, called “external specifications.” Data sources are
the concept model, which is a very high level model containing the global product structure. The
design specifications are related to the requirements, for example, the length of a part. Components
are other elements present in the context such as CAD parts. Once the instance is in the context
and the inputs are assigned, it adapts itself according to the inputs. The link flow represents how
the data is exchanged between the different parts. Thanks to KBE elements, such as formulas and
rules, the adapter model containing basic geometry will be configured. Then elements present in
the construction part will follow the modifications of the adapter model by reading data from the
published elements they refer to and this way, generate or adapt their geometry in the case of CAD
template instance.

Figure illustrates the process. The figure presents a clamp template, which was
designed with CATIA V5 that is a CAD software from Dassault Systemes. The result of the
instantiation can be see in the figure Three instances of the template can be seen that
are present in an assembly, which is here the context. The instances are holding a metal sheet and
present various configurations. Fach instance has been created from the template in less than a
minute by giving as input the table surface and the clamping point.

(a) Example of KBE template in CATIA (b) Three template instances from the same tem-
V5 CAD software plate with various configurations holding a metal
sheet

Figure 1.10 — Example of a template and three of its instances in a context.

1.3 Addressed template update issues

In this dissertation issues related to template maintenance and update are investigated and solved.
In large and complex assemblies like those present in automotive or aerospace industries, the
number of templates and template instances can reach several thousands and even more. This
implies a huge effort to manage and maintain templates as they become even more complex by
incorporating new potential variants for future design [KATZENBACH et al., 2007]. To support
engineers in template update management, two issues are addressed. First the decision support
regarding the template updates, second the update of the template’s instances.

1.3.1 Template evolution decision support
The template development is an incremental and collaborative process in which templates are

continuously refined. As shown in figure knowledge templates follow an incremental process
during their life cycle. Templates undergo modifications in order to solve an issue or enhance the
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template. For instance, a reason of modification could be a bug report of the request for additional
capabilities.

The template update is a complex process. It involves various stakeholders whose goal is to
find the best solution to the reported issue or the feature request. The stakeholders have their own
point of view on the template design which can be related to a domain (like electrical requirements
or costs) or the template ease to use. Due to the heterogeneity of competence fields involved in the
design of a product, possible conflicts are evident and thus a trade-off has to be found. Finding
a solution to repair or to enhance the template while taking into account the various constraints
and aspects involved in its design is quite a complex task.

The situation of template update decision support in a collaborative and multi-disciplinary
environment is studied. The objective is to propose a solution that supports the decision process
and to provide new ideas that could enhance the template update task.

1.3.2 Template updates propagation support

A current problem when using templates is the synchronisation between the template definition and
its instances. That means that the latest modifications made to the template should be forwarded
to the instances. In this way instances can benefit of new functionalities and bug fixes. It also
facilitates the management of template instances as they will all have the same definition, i.e.
their content is the same as the content of the corresponding template. So template managers will
not have to handle several versions at the same time. Thus the consistency between the template
instances and their definition has to be assured.

However this synchronisation between templates and their instances is not fully handled by
current Product Data Management systems |[LUKIBANOV|, 2005]. Hence the modifications have to
be applied by hand to the instances of the template. When working with large assemblies that
can contain several thousands of template instances, finding a feasible strategy to update them
all is a challenging and time consuming task. The complexity of the interdependencies network
within KBE assemblies make this task even harder as the order in which instances are updated has
a significant impact on the result and might generate time consuming redundant updates. Hence
the establishment of the order in which the instances have to be updated is a difficult task that
requires a lot of time that can lead to errors. Moreover a template can contain instances from
other templates creating a complex interweaving that has to be taken into account. Figure [I.1