Data M anagement in Distributed CAx Systems

Dipl.-Ing. Thomas Kilb, Dipl.-Inf orm. Florian Arnold

Research Group for Computer Application in Engineering Design

University of Kaiserslautern, Germany

Abstract

Interoperabilitybetween different CAx 1 system s involved in the developm ent process of cars is presentlyone of the m ost critical issues in the autom otive industry. None of the existing CAx system s m eets all requirem ents of the verycom plex process network of the lifecycle of a car. W ith this back ground, industrial engineers have to use various CAx system s to get an optim al support for their dailywork . T oday, the com m unication between different CAx system s is done via data files using special direct converters or neutral system independent standards lik e IGES, VDAFS, and recently

ST EP, the international standard for product data description.

T o reduce the dependencyon individual CAx system vendors, the Germ an autom otive industry developed an open CAx system architecture based on ST EP as guiding principle for CAx system developm ent.

T he central com ponent of this architecture is a com m on, system -independent access interface to CAx functions 2 and data of all involved CAx system s, which is under developm ent in the project ANICA 3 .

W ithin this project, a CAx object bus has been developed based on a ST EP data description using

CORBA 4 as an integration platform . T his new approach allows a transparent access to data and functions of the integrated CAx system s without file-based data exchange.

T he product developm ent process with various CAx system s concerns objects from different CAx system s. T hus, m echanism s are needed to handle the persistent storage of the CAx objects distributed over the CAx object bus to give the developing engineers a consistent view of the data m odel of their product. T he following paper discusses several possibilities to guarantee consistent data m anagem ent and storage of distributed CAx m odels. One of the m ost prom ising approaches is the enhancem ent of the CAx object bus bya ST EP-based object-oriented data server to realise a central data m anagem ent.

1 Industrial Background

T odaythe autom otive industryhas to react to an enorm ous pressure of the global m ark et. A continuouslyrising product com plexityin com bination with a drasticallyincreasing num ber of product variants has to be handled. T he answer to these rising dem ands are the classical four criteria Q, T , C,

I: Q uality, T im e to Mark et, C ost control and I nnovation in products. As a consequence, the autom otive

1 CAx: Generic term for various CA techniques, e.g. CAD, CAQ, CAE, CAM.

2 The term function is used here as an equivalent for `something with a certain functionality´. A function can therefore be a (simple) function, a procedure or (in object-oriented programming) a method of a class.

3 ANICA: AN alysis of access I nterfaces of various CA xsystems

4 CORBA: C ommon O bject R equest B roker A rchitecture industrydeveloped the sim ultaneous/ concurrent engineering concepts with various enterprises participating in the resulting process network using different CAx system s.

Besides direct converters, neutral interface form ats for data exchange becom e inevitable in this heterogeneous sceneryof system s. Problem s due to the data exchange have been reduced by different guidelines and standards (e.g. in Germ anydeveloped bythe VDA 5 ), but data exchange rem ains affected byloss of inform ation and the need of rework . T he urgent need to optim ise the CAx com m unication requires an open and m odular world of CAx system s. T his does not onlyconcern the

CAx system with m ainlygeom etric inform ation but also inform ation about product structure, process data and adm inistration.

Being aware of these problem s and trends, the work ing group "CAD/CAM strategies of the Germ an autom otive industry" developed a proposal of an open CAx architecture. In this architecture, the conventional concept of users work ing with just one system , respectivelythe sequential use of different system s with file based data exchange between them , was overcom e. T he one and onlyCAD/CAM system no longer exists in this new architecture [Dank wort et al. 1994]. T he user work s with a tool box and uses tools (CAx com ponents) from various suppliers. T he sim ple co-operation between these tools has to be realised byexisting standards, respectivelycom m on interfaces (industrial standards).

From the application point of view, there is a need to work interactivelywith "living" data, a data concept that goes far beyond data exchange with files. All CAx com ponents from product developm ent to m anufacturing can be integrated in this structure.

T he CAx system user has several dem ands on a CAx system architecture [Dank wort&Janocha1996].

T he m ost im portant are:

· portability

· openness

· perform ance

· interoperability

· security

T wo im portant standards can help to fulfil these dem ands: ST EP and CORBA.

2 Fundamentals

2.1 ST EP

In 1984, the International Standardisation Organisation (ISO) started the developm ent of ST EP with the goal of:

An unambiguous representation of computer interpretable product information throughout the life of a product [ISO-10303-1-93].

ST EP is prim arilya data m odel description of a product. T he ST EP standard contains a set of rules including not onlym ere product m odel data but also description m ethods, im plem entation m ethods and conform ance testing m ethods.

T he description language for ST EP inform ation m odels is EXPRESS (ISO 10303-11). EXPRESS allows to describe the data m odel with entities and entitystructures including attributes and relationships between entities.

T he dem and on the scope of product data m odelling highlydepends on the industrial usage of specific applications. Because of this, product m odels for several application dom ains, the so called

Application Protocols (AP) have to be defined.

5 VDA: Germ an Autom otive IndustryAssociation ( V erband d er A utom obilindustrie e.V.)

T o im plem ent the ST EP-philosophyin autom otive industry, the Application Protocol "Core Data for

Autom otive Mechanical Design" (AP214) was defined. AP214 includes geom etrical and nongeom etrical data of parts as well as product data for m echanical parts and assem blies in the autom otive developm ent [HOLLA95].

2.2 Common Object Request Broker Architecture (CORBA)

Another international standard used for the realisation of the proposed CAx architecture is CORBA. It is an industrial consensus standard for distributed com puting from the Object Managem ent Group

(OMG) [OMG 1997] to define interfaces for interoperable software system s using object-oriented technology.

T he central com ponent of the specification is the Object Request Brok er (ORB). T he ORB is the m iddleware that enables and establishes the client-server relationships and interactions between objects, possiblyfrom different applications. Using an ORB, a client can transparentlyinvok e a m ethod on a server object which can be in the sam e software on the sam e work station or even som ewhere within a network . T he client does not have to be aware of where the object is located, its program m ing language, its operating system , or anyother im plem entation aspects that are not part of an object´s interface. In doing so, the ORB provides interoperabilitybetween applications in heterogeneous distributed environm ents and seam lesslyinterconnects m ultiple object system s.

T he interfaces of objects therefore are defined using the Interface Definition Language (IDL) which is a part of the CORBA standard and has becom e the universal notation for software interfaces. T here are standard language bindings for C, C++, Java and several other program m ing languages.

ORBs also allow the integration of existing system s. In an ORB-based solution, developers sim ply

"wrap" the legacysystem s using IDL. A "wrapper" code translates between the standardised interfaces and the legacyinterfaces, i.e. the Application Program m ing Interfaces (APIs) of the legacysystem s.

CORBA has gained widespread acceptance and is supported byseveral com m ercial products. T here are various im plem entations of the abstract CORBA standard from several vendors 6 . Version 2.0 of

CORBA, adopted in Decem ber 1994, defines interoperabilitybyspecifying how ORBs from different vendors can interoperate.

W hile CORBA does not directlysupport object persistence, its open architecture includes an object adapter which m ayprovide object persistence [ Reverbel 1997]. An object adapter is an interm ediary between an object im plem entation (the server) and the ORB core and can provide object persistence.

3 The CAx object bus

T o verifythe feasibilityof the proposed CAx architecture (com p. chapter 1), the project ANICA has been started. Figure 1 shows the system architecture of ANICA.

T he aim of the project is to analyse the interfaces of conventional CAx system s and CAx system k ernels in order to develop a concept for a com m on harm onised access interface.

T his com m on interface is the basis for the concept of distributed object-oriented CAx system s consisting of com ponents from various system suppliers and a com m on interface to these com ponents. In this architecture, the com ponents provide the necessaryCAx functionalityand the interface interlink s the com ponents, enabling the user to call functions across system and platform borders (Figure 1).

6 e.g. Orbixfrom IONA, Visi-Broker from Visigenic or CORBAplus from ExperSoft.

B n

A n

CORBA

user interface A user interface B

OLE

CAx system A CAx system B

ANICAlayer(harmonizedaccessinterface)

B

1

component 1

A

2

component 2

B i

A i

component i component n

B k

component k

COM/CORBA

B i

set of basic functionality

A i set of extended functionality component imports functionality component exports functionality

Figure 1 : System architecture of ANICA

Based upon the com parison of different peculiarities of sem anticallyequivalent or sim ilar functions, in the system -specific APIs, a norm alisation process leads to com m on harm onised interfaces. Hereby,

CORBA is not onlyunderstood as a m iddleware but also as an architectural principle for CAx objects co-operating via a standardised com m on interface. T herefore the com m on interface environm ent can also be called a ’CAx object bus’.

T here is an im portant difference between this approach and the conventional data exchange: Byusing the CAx object bus, there is no file transfer or file-based data exchange at all. Neither files in system specific data form ats nor in neutral form ats are transferred or even created. T he whole co-operation is carried out online and without m ultiple persistent storage of data.

Figure 2 : Design process of the CAx classes

T he com m on interface consists of a collection of CAx classes which are defined in IDL. In general, the definition of classes and relationships between them is a decisive point in the design of an objectoriented system . Applied to the CAx environm ent of the autom otive industry, the ST EP entities of subset CC1 (conform ance class 1) of the Application Protocol AP 214 have been chosen as a starting point. But since ST EP entities are m ainlydata descriptions, suitable m ethods for the m anipulation of the data have to be added to form com plete and reasonable CAx classes (figure 2).

In ANICA, the pragm atic approach of finding such suitable m ethods byanalysing the APIs of several existing CAx system s has been carried out. Details m aybe found in [ Janocha et al. 1998].

T he ANICA approach offers the following advantages:

· T he user is able to configure his own system in an optim al wayaccording to his purpose by com bining the best CAx com ponents available on the m ark et

· T he user will be charged onlyfor the com ponents he actuallyneeds

· Using optim al CAx com ponents, the effort for training m aybe reduced

· T he CAx data are com m on and accessible to all CAx com ponents and for all partners in the process chain

· T he user no longer depends on one single system supplier

But the ANICA approach doesn’t provide anym echanism to store the objects of the CAx object bus. If a distributed CAx system as proposed in the ANICA project should ever becom e reality, the problem to store the CAx data still have to be solved.

4 Persistence Mechanisms in Distributed CAx Systems

A distributed system is a "collection of (probablyheterogeneous) autom ata, whose distribution is transparent to the user so that the system appears to be on one local m achine. T his is in contrast to a network , where the user is aware that there are several m achines, and their location, storage replication ... and functionalityis not transparent." [FOLDOC98] T here are several possibilities of building a distributed CAx system and the presented concept of the CAx object bus is onlyone possibilityto realise such a environm ent. T he storage m echanism s presented in the following chapters are valid for several concepts of distributed CAx system s.

n a t i v e f i l e s y s t e m C n e u t r a l p o s t - p r o c e s s o r

d i r e c t c o n v e r t e r n e u t r a l p r e - p r o c e s s o r

n a t i v e f i l e s y s t e m B n e u t r a l f i l e

( I G E S , V D A F S o r S T E P )

n a t i v e f i l e s y s t e m A

S y s t e m A

S y s t e m C

p a s s e n g e r c o m p a r t m e n t s e a t

h u m a n m o d e l

( l o c a l s y s t e m )

( r e m o t e s y s t e m )

( r e m o t e s y s t e m )

Figure 3 : Passenger compartment including seat and human model merged using the conventional file based workflow

Figure 3 shows a typical application scenario of the synthesis of three different CAD m odels in one

CAD system (system A). T he partial m odels reside in different CAD system s: T he passenger com partm ent is designed in system A, the seat is developed with system B and the hum an m odel is generated in system C.

In the conventional work flow, the files containing the native data of system B and C will be transferred via neutral data interfaces or bydirect converters into native files of system A. If the data of system B or C have to be changed, the user has to repeat this transfer procedure.

In contrast, using a system based on the CAx object bus, there is no longer a need for file based data transfer between different integrated system s. Onlythe necessaryrepresentation inform ation of the data m odels has to be transm itted as CAx objects through the CAx object bus.

4.1 CAx Data in Distributed Systems

Byusing a distributed CAx system based on the concept of the CAx object bus, the user generates a data m odel of the product where different parts of this m odel are distributed via the object bus and exist on m ore than one CAx system . T his happens, when e.g. the local system is not able to create a special object (lik e a hum an m odel) but a rem ote system provides functionalityto solve this specific problem . After the creation of a rem ote object, onlythe necessarydata e.g. for visualisation, exists in the local system . T he com plete data, in this exam ple the hum an m odel, is onlyrepresented in the rem ote system .

Regarding the exam ple in figure 3, the seat and the hum an m odel m ayreside in the rem ote CAx system s B and C. T o allow the user to work with all m odels in his local CAx system (A), the necessary data of the rem ote m odels have to be transm itted to this system (A) and are visualised on his work ing screen. T he user should be able to m odifyall (local and rem ote) m odels using the user interface of his local system . After finishing this work , the user should be able to store both the local and the rem ote data. In the case of sim ple geom etries, the rem ote data m aybe transm itted from the rem ote system to the local system , but in som e cases the local system m aynot be able to process these data. At least in this case, a concept of handling data and persistence in a distributed CAx system environm ent is absolutelynecessary.

T he following chapters describe several m echanism s to guarantee consistent data storage of CAx m odels existing in an distributed CAx system environm ent without file based data exchange.

4.2 Storage of Distributed CAx objects Using Native Formats

T o store a product data m odel with parts residing in different CAx system s, the native data descriptions of this parts can be used. T here are two possibilities (Figure 4):

· Each system stores its own objects in its native database

· T he whole distributed m odel is saved in the native database of the local system

T he first approach to a distributed data m anagem ent stronglycontradicts the dem ands of the user.

Because of process dem ands such as responsibility, release policyor warranty, a CAD system user m ust be able to save and to archive the actual status of the com plete m odel at a central server after finishing respectivelyinterrupting his work .

S y s t e m A

( l o c a l s y s t e m )

S y s t e m B

( r e m o t e s y s t e m )

S y s t e m C

( r e m o t e s y s t e m ) d i s t r i b u t e d d a t a s t o r a g e

C A x o b j e c t b u s ( S T E P e n t it i e s + g e n e r a l i s e d m e t h o d s )

� c e n t r a l d a t a s t o r a g e n a t i v e d a t a s y s t e m a n a t i v e d a t a s y s t e m b n a t i v e d a t a s y s t e m c

Figure 4 : Storage of distributed CAx-objects in native format

T he second approach presented in figure 4 fulfils the user dem ands for a central data m anagem ent

using the native form at of one dedicated system as a data integration platform . After finishing his work ,

all link ed geom etries are stored in the native data form at of the local system and the user is able to

save his distributed data m odel in the sam e wayas saving local m odels. T his persistence m echanism

offers the possibilityto save the whole distributed data m odel at a central place. But after leaving the

local CAx system , the connection to the rem ote m odels will get lost.

Based on the second approach, the project ProDMU 7 was started. T he aim of this project is to realise

Digital Mock -Up between CAT IA and Pro/Engineer m odels using CAT IA as local system . T he results of

the exam ination containing the colliding faces of both data m odels plus the intersecting curves are

saved in one native file. Regarding the lim ited applicabilityof this prototype, the solution to store the

results of the exam ination (in our case the distributed m odel) in one native file is well suited to support

the requirem ents.

But in a general, the needs regarding the used CAx system to m anage the distributed data are very

high. T he CAx system selected to store the distributed m odel m ust be able to handle all data structures

appearing in the distributed system in its own data form at. But instantaneously, no available

com m ercial CAx system which m eets this requirem ent is k nown to the authors.

In addition, the native form at of a specific system is not suitable to archive CAD data for a longer

period of tim e (e.g. 25 years as recom m ended for the autom otive industry) since system versions and

native file form ats usuallychange in m uch shorter intervals.

4.3 Storage Of Distributed CAx Objects Using AST EP-Based Data Server

Due to these com plex user needs, a concept of a ST EP-based data server directlyconnected to the

ANICA object bus has been developed. W hile using a central data server based upon a neutral data

form at, m ost of the system and user dem ands could be satisfied. T he functional principle of this data

server is shown in figure 5.

7 ProDMU: Development of a prototype to connect the CAD systems CATIA and Pro/Engineer via the ANICA CAx

object bus, carried out by RKK/University of Kaiserslautern and an automotive company.

A N I C A o b j e c t b u s

S y s t e m A

S y s t e m B S y s t e m C

( l o c a l s y s t e m )

( r e m o t e s y s t e m )

( r e m o t e s y s t e m )

D a t a s e r v e r

C A x o b j e c t b u s ( S T E P e n t it i e s + g e n e r a l i z e d m e t h o d s )