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Abstract

Exchange of procedural CAD models between
heterogeneous CAD systems is still a challenging issue
in CAD area. Previously we proposed an approach for
effectively  constructing synchronized collaborative
design environment based on heterogeneous CAD
systems. In this paper, we extend the synchronized
collaborative design environment that we have
developed to a web services based platform for
exchange of procedural CAD models between
heterogeneous CAD systems. First, the real-time
exchange of a single operation is extended to the
exchange of the complete procedural CAD model
between heterogeneous CAD systems. Furthermore,
web services technology is adopted to encapsulate the
procedural CAD model exchange functions, which are
then released on the Internet as a standard interface
and can be used by remote developers in their windows
applications, web applications, and so on. Finally, a
web service for exchange of procedural CAD models
between SolidWorks and Autodesk Mechanical Desktop
is realized.
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1. Introduction

In the modern world, the product data exchange is
playing its appealing importance along with abundance
cooperation carried on between enterprises, because
products are often developed via different CAD systems
by different enterprise.

The parametric information, such as features,
parameters, and constraints in the procedural CAD
models, needs to be transferred in the process of the
CAD data exchange since it includes the significant
design intents which have all along been designers’
main concern. The design intents are the functional
requirements provided by customers, ie. a set of
geometric and functional rules which the final products
have to satisfy. However the exchange of the parametric
information between heterogeneous CAD systems is
hitherto a tough problem in the field. In search of a

feasible way to exchange the information accurately,
though, there have been some efforts worldwide. These
works have their own characteristics, advantages and
also limits, which shall be described in section 2 of our
present paper.

We have constructed a synchronized collaborative
design platform based on heterogeneous CAD systems
recently !\ In this paper we extend the synchronized
collaborative design environment that we have
developed to a web services based platform for
exchange of procedural CAD models between
heterogeneous CAD systems.

2. Related Work

In recent years, the exchange of procedural CAD
models between heterogeneous CAD systems has
attracted increasingly great attention. Outlined here in
the Followings are some of the main works conducted
so far.

2.1 ENGEN Project

The ENGEN (Enabling Next GENeration mechanical
design) ' project proposed EDM (ENGEN data model),
which is a product data model with parameters, features,
design history, and constraints based on STEP Part 42.
The purpose of the ENGEN project is to verify
exchange capability of design intent, which is
represented by design parameters, constraints, and
features. The exchange experiments of product
information including the design intent are among CAD
systems such as Pro/E (PTC), I-DEAS (SDRC), and
CADDSS (CV). But EDM does not have a sufficient
number of entities for the design history because it
focuses on the exchanging of models with constraints.

2.2 Macro-Parametric Approach

Guk-Heon Choi et al. proposed a macro-parametric
approach ! to exchange CAD model between different
CAD systems. By analyzing the general commands of
several commercial CAD  systems (CATIA,
Pro/ENGINEER, UG, IDEADS, SolidWorks, and
SolidEdge), they set up a series of neutral commands.
The standard commands set is a common set of



modeling commands ' that are used in part modeling
modules of major commercial CAD systems. It does not
include commands of assembly or sheet metal modules.
The macro-parametric approach does not deal with
assembly level such as a mate condition or CAD
system’s specific and sophisticated commands e.g. the
ToroidalBend command of Pro/Engineer. Instead of
directly exchanging CAD models, their method
exchanges the macro command files between different
CAD systems through neutral commands.

This approach is dependent on the macro files of
CAD systems (Pro/E can not be achieved in this way
because its macro file could not provide sufficient
information). And in some cases, internal geometric
models are needed to achieve the translation.

2.3 Universal Product
Architecture

Representation

Besides academic research, there are also some
feature-based translators developed by the companies
such as ASPire3D [8], Proficiency [9], Theorem [10], TTI
(M etc., the most representative of which would be
Collaboration Gateway, the translator developed by
Proficiency. In Collaboration Gateway, the Universal
Product Representation (UPR) architecture is defined
and adopted to provide universal support for all data
levels employed by today’s CAD systems (It enables an
unprecedented level of CAD interoperability through
sharing of design intents including features, dimensions,
history, assemblies, metal data, and other information).
Currently, Collaboration Gateway has been able to
support four high-end CAD systems including IDEAS,
Pro/ENGINEER, CATIA and Unigraphics.

This product has its fascinating web page but does
not provide a standard web service interface for
development, which application developers throughout
the world are interested in.

2.4 The Latest Extension of the STEP
Standard

Some work aiming at extending the international
standard ISO 10303 (STEP) ' to permit the exchange
of procedurally defined shape models between CAD
systems is being conducted. These types of models are
specified by the sequence of operations used to
construct the models rather than by the explicit elements
they contain, so that they are easy to edit in a receiving
system. The specific work includes:

e ISO 10303-55: “Procedural and
representation” — is out for ballot as
International Standard;

e ISO 10303-108: “Parameterization and constraints
for explicit geometric product models” —is in final
preparation for publication as an International Standard,;

hybrid
a Draft

e ISO 10303-109: “Kinematic and geometric
constraints for assembly models”—is out for ballot as a
Draft International Standard;

e ISO 10303-111: “Construction history features” —
has passed its Committee Draft ballot, and a Draft
International Standard version is in preparation.

3. Design of the Procedural CAD Model
Exchange Platform Based on Web
Services

3.1 Underground procedural CAD model

exchange system

We developed a Synchronized Collaborative Design
(SCD) platform based on heterogeneous CAD systems
earlier " It is a replicated architecture with a distinct
CAD system at each site which performs product
modeling. In each site there are two translators in
addition to an independent CAD system. One is the
SMO-to-NMC translator which is responsible for
translating each SMO just carried out locally into a
NMC that will be sent to other sites immediately.
Another translator, called NMC-to-SMO translator, is in
charge of translating each received NMC from other site
into one or more corresponding SMOs of the CAD
system. It is these two translators in each site that make
possible the real-time exchange of the modeling
operations between heterogeneous CAD systems and
thus enable the platform to support synchronized
collaborative design. In all, the key part of the platform
is using Neutral Modeling Commands and CAD
systems’ APIs to achieve the real-time exchange of
modeling operations.

In this work, we first extend the platform to make it
capable of supporting procedural CAD model exchange
between heterogeneous CAD systems. Fig.1 shows the
system structure of the procedural CAD model
exchange platform.

Although the core ideas and essential techniques are
similar between the synchronized collaborative design
platform and the procedural CAD model exchange
platform, i.e. using Neutral Modeling Commands and
CAD systems’ APIs to achieve the exchange of
modeling operations between heterogeneous CAD
systems, the implementation details are different. In the
procedural CAD model exchange platform, since all
heterogeneous CAD systems are on the same site, the
local NMC sequence is used to achieve the exchange of
modeling operations between different CAD systems in
this platform. Moreover, since the procedural CAD
model exchange platform deals with the whole model
rather than a real time modeling operation in the
synchronized collaborative design platform, the
translators and NMC set need to be modified as follows:
the SMOs are extracted by traversing and parsing the
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Fig.1. The procedural CAD model exchange platform

feature tree constructed from the part file of the CAD
system instead of capturing real time modeling
operation event; three new NMCs are added, which will
be given in 3.4.

3.2 SOA and Web Services

An SOA (Service-Oriented Architecture) is a
component model that inter-relates the different
functional units of an application, called services,
through well-defined interfaces and contracts between
these services. The interface is defined in a neutral
manner that should be independent of the hardware
platform, the operating system and the programming
language in which services are implemented. This
allows services, built on a variety of such systems, to
interact with each other in a uniform and universal
manner.

Web services is a technology that allows applications
to communicate with each other in a platform- and
programming language-independent manner. A Web
service is a software interface that describes a collection
of operations which can be accessed over the network
through standardized XML messaging. It uses protocols
based on the XML language to describe an operation for
execution or data for exchange with another Web
service. A group of Web services interacting together in
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this manner defines a particular Web service application
in a Service-Oriented Architecture (SOA).

Web services uses XML that can describe any and all
data in a truly platform-independent manner for
exchange across systems, thus moving towards
loosely-coupled  applications. ~ Furthermore, =~ Web
services can function on a more abstract level that can
reevaluate, modify or handle data types dynamically on
demand. So, on a technical level, Web services can
handle data much more easily and allow software to
communicate more freely.

SOA itself is an abstract concept of how software
should be put together. It relies on the more concrete
ideas and technologies implemented in XML and Web
services, to exist in the software form.

The distinction between SOA services and Web
services lies in their designs. The SOA concept does not
exactly define how services are specifically to interact,
but just how services can understand each other and
how they can interact. Web services, on the other hand,
has specific guidelines on how messaging between
services needs to interact; i.e. the tactical
implementation of an SOA model is most commonly
seen in SOAP messages delivered over HTTP. Thus,
Web services is essentially a specific subset of how an
SOA can be implemented.

Through the analysis above, we recognize the

Web service Interface

suoneosrddy
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Fig.2. Architecture of procedural CAD model exchange platform based on web services



significance of SOA and decide to develop a web
service to encapsulate our procedural CAD model
exchange system. Once our web service is published on
the internet, any developers are supposed to find this
service through UDDI (Universal Description,
Discovery and Integration) and wuse it in their
applications or services to exchange their procedural
CAD model. In fact, they could simply use it without
knowing the details of our procedural CAD model
exchange system.

3.3 Architecture of the Web Services Based
Platform

Fig.2 shows the architecture of the procedural CAD
model exchange platform based on web services. The
left part is the underground exchange platform, while
the right part is the web service module which provides
a service interface without revealing the implementing
details of the data exchanging.

The Data Exchange Agent module takes charge of
dispatching NMCs to a suitable CAD system after the
source CAD part file has been uploaded. And then this
agent will listen to detect whether the translating work
has been done and will send out the transformed CAD
part file when assured.

Actually, the application module is not a part of this
platform. The user application is any module that needs
our service and could use it through the interface we
defined. It can be a windows application, a web
application, or even an alternative web service, if the
developers prefer it.

3.4 Construction Details of the NMC set and
the Web Service Interface

The original NMC set used in the synchronized
collaborative design platform can not completely satisfy
the needs of our procedural CAD model exchange
platform. So we extend the NMC set to have three new
NMCs: NewCADFile, OpenCADFile and
SaveCADFile. Now let us see the specific data flow.

First, when the source CAD part file has been
uploaded to the translating system, the data exchange
agent will dispatch an OpenCADFile NMC to the
suitable CAD system (according to the source CAD part
file’s type).

Then, in this CAD system, we need to:

1) Open the part file and broadcast a NewCADFile

NMC to other CAD systems;

2) Traverse the feature tree of the part and extract
the SMO sequence and translate each SMO to its
corresponding NMC to broadcast;

3) Broadcast a SaveCADFile NMC and
CloseCADFile NMC to other CAD systems in

the procedural CAD model exchange platform;

4) Close the part file after receiving all
acknowledgement messages.

On the other hand, in other CAD systems of the

platform, we need to:

1) Create a new part file when receiving a
NewCADFile NMC;

2) Translate each modeling NMC to its
corresponding SMO;

3) Save the reconstructed part model as a native
CAD part file when receiving a SaveCADFile

NMC;
4) Close the part file when receiving a
CloseCADFile NMC and send an

acknowledgement message back to the CAD
system which sends this NMC.
Fig.3 and Fig.4 are the two sample NMC output files
(record the NMCs the CAD systems send):
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% EditPlus - [IDT_Output. txt] BEX|
Brojet T R

NMC Start<?xml version="1.0" encodlng UTF 8" standalone "yes" ’7>
<IDOCTYPE boost_serialization>
<boost_serialization sighature="serialization::archive" version="3">
<cloneNcData class_id="1" class, name:“NcF‘\IeOperatianData“ tracking_level="1" object
<NcData class _id="0" tracklng_level " object id="_1">
<|dent\f|er systemld>2</|dent|f|er _systemld>
<identifier._id>1103620220</identifier. _id>
<identifier._subld>96</identifier._subld>
g </ncData.id>
<ncData.state class_id="3" tracking_level="0">
<NamedEntity class_id="4" tracking_level="0">
<nameEntity.name>Creation</nameEntity.name>
</NamedEntity>
</ncData state>
<ncData.objectld>
<identifier._systemld>0</identifier._systemld>
<identifier._id>0</identifier._id>
<identifier._subld>0</identifier._subld>
</ncData.objectld>
</NcData>
<ncF|IeOperat|onData operType>3</ncF||eOperat|onData operType>
E A ok - o Pt bt
D1 oMIm_outpat. tat
For tielp press P mi wm | ® W] K s

Fig.4. NMC output of the destination CAD system

The web service open interface is as follows:

[WebMethod (Description="send the file to server
and get the new file back")]

public string TransformFile(string fileName, string
fileStr, int srcID, int desID)



{

/

The WSDL.:

<?xml version="1.0" encoding="utf-8" ?>
<definitions

>
<types>
<s:schema elementFormDefault="qualified"
targetNamespace="http://
www.cad.zju.edu.cn/">
<s:element name="SendFile">
<s:complexType>
<s:sequence>
<s:element minOccurs="0"
maxOccurs="1" name="fileName"
type="s:string" />
<s:element minOccurs="0"
maxOccurs="1" name="fileStr"
type="s:string" />
<s:element minOccurs="1"
maxOccurs="1" name="srcID"
type="s:int" />
<s:element minOccurs="1"
maxOccurs="1" name="desID"
type="s:int" />
</s:sequence>
</s:complexType>
</s:element>
<s:element name="SendFileResponse">
<s:complexType>
<s:sequence>
<s:element minOccurs="0"
maxOccurs="1"
name="SendFileResult"
type="s:string" />
</s:sequence>
</s:complexType>
</s:element>
</s:schema>
</types>
Parameters:
fileName: the name of the source CAD part file (e.g.
a MDT file named example partfile.dwg).
fileStr: the content of the source CAD part file (in
base64string format).
srcID: an integer number representing the type of the
source CAD part file.
desID: an integer number representing the type of the
destination CAD part file.
Return:
The content of the destination CAD part file (also in
base64string format).
Function:
Take in the parameters and transform the source CAD
part file to a new CAD part file (the user defines the
new file’s type in parameter desID), then return it
back.

The data exchanging between the web service and the
underground system is achieved in TCP/IP protocol as
we take into account its high efficiency.

4. Implementation

A web service for exchange of procedural CAD
models between SolidWorks and Autodesk Mechanical
Desktop is realized. For each of the two CAD systems,
both SMO-to-NMC and NMC-to-SMO translators are
implemented with Visual C++ 6.0 and the open
programming APIs of the CAD systems (SolidWorks
2003 and MDT6.0). The web-service part of the
platform is implemented with Microsoft C#. And a
web application is also developed to invoke the web
service with a view to checking whether it works well.
It is implemented with Microsoft C# too.

Now let us have a look at how all these modules work
together appropriately.

First, the user uploads a CAD part file (push the
upload button) on the web end (Fig.5) and pushes the
suitable transform button to get the specific CAD file
that he wants (e.g. push the Get MDTFile button to get
the transformed MDT file).

When a transform button is pushed down, the web
service is invoked and then it starts the underground
exchange platform (the communication between web
service module and the underground exchange platform
is built on TCP/IP). Next, the underground exchange
platform produces a new CAD file and transfers it back
to the web service module.

At last, the web end gets the transformed CAD part
file returned from the web service (Fig.6).

The SolidWorks before transforming and the MDT
part file after transforming are respectively shown in
Fig.7 and Fig.8.

5. Conclusion and Future Work

In this paper, we present a web services based
platform for exchange of procedural CAD models
between heterogeneous CAD systems. The features of
the platform are:

1) The exchange of procedural CAD models
between heterogeneous CAD systems is achieved
based on Neutral Modeling Commands and the
APIs of CAD systems.

2) Web services technique is used to construct a
standard interface for the procedural CAD model
exchange platform so that it can be used by
remote developers in their windows applications,
web applications, etc.

In the future, we will add more CAD systems such as
Pro/ENGINEER, UG, etc. into this platform and adjust
the web-service structure to provide more powerful
functions.



@

& WebForml - Nozilla Firefox [;][E]EI

File Edit Yier Go Bookmarks Tools Help

&> &

> Getting Started [ Latest Headlines

@7 L] hetp:/fTocalhost/Mebhpplication2/WebTornl . asp v| E.

Get_FroeFile
Got_SwEile
et JDTFile

Browse...-

1B/ x|
idworks_Agent Window _Help =18 I}
[eEvI»? [[oo [esl@aqaalcs 80992008088
0 3§
[ @
6 g
B Solid Bodies(1) ™~ (4
2o msontess 2
@
&
@
el B
G]
ul
L
@
|
& | @ corestnes
®
*
:
< [FE 1] 2
s nue et
[ [ediingpart [

Fig.5. View of the web application

Edit View Go Boamerks Tools lelp

£z [

- & 2) |1 ttp://Locelhost Mebhppli cation2/YebPoral. aspe vl G

@ Getting Started [ Latest Headlines

Get_ProeFile
[rouee... | Tpload et vriLe
Opening model_to_sxzchange. dwg

Get _HDTFile

What should Firefox do with this file?

) Open with | AutoCAD (default) v
©

[]Ds this sutenatically for £iles like this from now on.

Tizk

3 Cancel

Fig.7. View of the source SolidWorks part file

StEedlls |8

Hosel | scns | vaving |
5 B

DREEINTREREFN| BR

SN

X s [iEoRY

SNAP, GRID| 0RTHO|[PoLAR 0SNAP[oTRACK LWT/MODEL

[Target: DRAWING2 -0.0955, 02169, 0.0000

Fig.6. Get the transformed MDT part file
Acknowledgments

The authors feel greatly indebted to the financial
support from NSF of China (N0.60273057) and the
Trans-Century Training Programme Foundation for
Talents by the Education Ministry of China.

References

[1] Min Li, Shuming Gao, Jie Li, Youdong Yang, “An
approach to supporting synchronized collaborative design
within heterogeneous CAD systems”, Proceedings, ASME
CIE/DETC, 2004.

[2] Min Li, Youdong Yang, Jie Li, Shuming Gao, “A
preliminary study on synchronized collaborative design based
on heterogeneous CAD systems”, Proceedings, CSCWD 2004,
Conference on Computer Supported
Cooperative Work in Design, May 2004, Xiamen, China

[3] Guk-Heon Choi, Duhwan Mun, Soonhung Han.
of CAD part models based on the
macro-parametric  approach”, Journal  of
CAD/CAM 2(2002), 23-31.

8th  International

“Exchange
International

Fig.8. View of the destination MDT part file

[4] Duhwan Mun, Soonhung Han, Junhwan Kim, Youchon
Oh. “A set of standard modeling commands for the
history-based parametric approach”, Computer-Aided Design
35(2003) 1171-1179.

[5] Ari Rappoport. “An Architecture for Universal CAD
Data Exchange”, Proceedings, Solid Modeling *03, June 2003,
Seattle, Washington, ACM Press.

[6] Anderson B. “ENGEN data model: a neutral model to
capture design intent”, PROLAMAT98; 1998.

[71 Michael J. Pratt. “Extension of ISO 10303, the STEP
Standard, for the Exchange of Procedural Shape Models”,
International Conference on Shape Modeling and Applications
2004, Genova, Italy.

[8] ASPire3D. http://www.aspire3d.com.

[9] Proficiency. http://www.proficiency.com.

[10] Theorem. http://www.theorem.co.uk.

[11] TTL http://www.translationtech.com.

[12] IBM. http://www.ibm.com/developerworks.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


