N
N

N

HAL

open science

Advanced Engineering Visualization with Standardized
3D Formats
Christian Emmer, Arnulf Frohlich, Josip Stjepandic

» To cite this version:

Christian Emmer, Arnulf Frohlich, Josip Stjepandic. Advanced Engineering Visualization with Stan-
dardized 3D Formats. 10th Product Lifecycle Management for Society (PLM), Jul 2013, Nantes,

France. pp.584-595, 10.1007/978-3-642-41501-2 58 . hal-01461908

HAL Id: hal-01461908
https://inria.hal.science/hal-01461908
Submitted on 8 Feb 2017

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License


https://inria.hal.science/hal-01461908
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr

Advanced Engineering Visualization with Standar dized
3D Formats

Christian Emmer, Arnulf Fréhlich, Josip Stjeparidic
1 PROSTEP AG, Darmstadt, Germany

josip.stiepandic@opendesc.com

Abstract. When products are developed in 3D for the engingepplications,
the data is initially stored in the native formétloe used CAD software. If this
3D CAD data is to be made available to people whaatchave this software,
neutral 3D formats are needed. For visualizationpafduct data in the
engineering field - regardless of native CAD formatgarious 3D formats are
available. Among these are disclosed or standatdiaemats like PDF from
Adobe, JT and also X3D, Collada and STEP. The ehofa format has many
implications, including the options available faing the data and the resulting
follow-up costs. This paper illustrates an overvigithe state of development,
the committees’ activities, of current practicabeples and gives an outlook
for future developments too. The record is compléig examples from the
industrial practice in the automotive industry.

Keywords: Engineering Visualization, Interoperability, DataxdBange, JT
Standard, Supply Chain, Engineering Collaboration.

1 Introduction

Although the CAD translation technology has gatteadigh level of maturity and
robustness, there is still a strong need for furtthevelopment driven by crucial
business processes like digital mock-up (DMU) whiish established as core
validation process in the past years. Furthermtite, CAD models have already
reached a level at which where they are easy todespite a high level of complexity
behind that. Meanwhile, various 3D visualizationnfiats have entered the market on
the broad front by combining the high informatioontent with easy handling and
excellent performance. Thus, these formats canatippany process chains from
styling to product simulation, validation and pretan as well as downstream life
cycle phases. By the extensive penetration of limatagon formats in the market the
old discussion was reopened, whether the uniqueadbcan fulfill the requirements
of the engineering collaboration (internal and ex#. Finally, the users need the
recommendation too, which format meets their neéedse best way [1], [2]. Typical
use cases for functional evaluation of such fornaamésthe viewing of engineering
data, the design in context, the data exchangedegtywartners in the supply chain,
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the packaging and digital mock-up (DMU), the docuataion and archiving, and use
in the portable PLM document, i.e. use of 3D anditamhal information in domains
related to engineering (Figure 1).

» Validation of CAD/JT translation @ afg Er

'bro vetr'rf_\l;rtrini\ati%n res;ltsavalhdinog process htas to CATPart 4 LA LR > JT-File
e established and used as a standard process step (Source) (derived)

» Assembly of a car prototype ©

During car development processes atraining of workers e —— -
in assembling different parts of a car prototype has to be ;3& .

performed. To ease this process 3D-dataformats such as

JT and accompanying formats are used

« Geometrical search ®
Design processes of new products often use existing
parts-e.g. to reduce production costs. To find parts which
fit to the new needs e.g. a geometrical search has to be
performed. This could be done by using JT-datasets

Fig. 1. Typical use cases of JT [1].

After the rough evaluation of the technical speaifion of the visualization
formats an overall comparison can be drawn [3]{Feq?).
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Fig. 2. Comparison of four visualization formats [3].

However, in the automotive and aerospace indusiryfrdm Siemens PLM is
currently under heavy investigation to apply itdownstream processes, after it was
established as a leading format for the engineevisgalization in many global
companies [4]. For instance, there is the demamck¢bange exact geometry, product
data information and additional attributes. Morao¥€ is also a potential data format
for long-term data retention. Consequently, therdigh user interest in quality and
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robustness of the applications, the interfaces amtiqular. Thus, the further
explanation in this paper will be focused on JTthaigh other formats (STEP,
3DPDF, 3DXML) are in the different stages of standlilzation procedure.

Open standards enable reduction of total costs wheoship and ensure
independence from specific vendors and competitivith regard to visualization
data exchange there is a strong support to useadBaEP AP 242 (1ISO 10303-242)
as complementing standards for lightweight viswaion format for 3D industrial
data as well as for product structure, meta, andrkatic data [5].

The publication of the JT specification as an 19@lRly Available Specification
(PAS 14306) laid the foundation for establishinga¥Ta binding process format. The
ProSTEP iViP Association and the VDA (German Asation of the Automotive
Industry) subsequently launched three coordinat€espécific projects: the JT
Workflow Forum, the JT Implementor Forum and theApplication Benchmark.

2 Technical Background and Standardization

JT is a binary format whose data model support®uarrepresentations of CAD

geometry. The representations can be stored in fleJindividually or together [5]

[6].

 BREP (Boundary Representation): Offers the highest level of representational
precision. BREP data is compressed using diffeatgarithms and stored without
loss. In the current specification 9.5, two BREPresentations are permitted: the
traditional JT-BREP representation and XT-BREP,clths based on the Parasolid
boundary representation and will be preferred aftirther implementation of JT
based software.

» Tessellated Geometry: A faceted representation of solids and surfacéfferient
levels of detail (LOD) can be defined within a JIE.fA low LOD means a lower
level of precision but a smaller volume of datajlevila very high LOD means an
almost exact geometry but a large volume of data.

e ULP (Ultra-Lightweight Precise): The latest compression method is ULP. The
ULP format enables a lightweight, semi-precise espntation of the 3D geometry.
The level of precision that ULP offers is signifitly higher than for tessellated
geometry while the file size is significantly sneall The primary focus lies on
providing high quality surface geometry that extstonly minor deviations from
the original BREP geometry.

JT version 8.1 has been initially published by t8©® as a publicly available
specification (ISO PAS 14306). The 1SO standaréhinaprocess has been finished by
endorsing the ISO standard (ISO 14306) in Decer2B&® for the recently published
JT version 9.5, which has been expanded to incthdespecification for ULP and
semantic product manufacturing information (PMIpguct metadata) among other
things.

Generating data in a neutral 3D format results asthuse cases with a significant
reduction in volume. In order to compare the filresof the 3D formats, fifteen test
assemblies from different CAD systems were usegdetwerate different 3D formats
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[7]. As a result, the volume of data is determimegre by data content then by the
format itself.

The volume of exact BREP data after conversiodiltas approximately the same
as after conversion to 3D PDF. The same appligedsellated content, where the
result for both formats is about the same as forX3IL. In the case of simplified
BREP data, the volume of data for both JT and 3 RE2 approximately the same.
In the case of STEP data, use of an external cassipre algorithm achieves a marked
reduction in size. As a consequence, higher acgurires more storage space as a
general rule.

3 UseCases

An evaluation of the 22 use cases defined by aut@mananufacturers and their
suppliers indicated a particularly high priority four use cases, which are presented
below in more detail by way of example [7] (Fig&e

Usage of JT for...

Archiving Hybrid Design in Context

Bidding / Inguiry Installation Feasibility

CAE Data Visualization Material Specification

Digital Factory Building Planning Multibody Simulation

Digital Factory Manufacturing Planning Non-hybrid Design in Context

Digital Factory Matenal Handling Packaging

Digital Factory Plant Development Pressline Simulation

Drawingless Manufacturing Supplier Integration (OEM to Supplier) Req;ir_zei?ems
Factory DMU Supplier Integration (Supplier to OEM) derived yet
Finite Element Analysis (FEA/FEM) Tolerance Studies

High-end Visualization Viewing % ?

Fig. 3. Use cases for simplified formats [7].

Viewing: If the use of a CAD system is not desired, the aligation of engineering
data using 3D viewers comes into play in a numbedifferent situations: the
presentation of product data, the representation3Df models for information
purposes (e.g. for a design review or marketing) toe realistic representation in
virtual reality systems.

The use case can vary according to the concretécatipn context involved.
While the simple viewing of the geometry is suffict in many cases, in other cases
metadata or high-performance viewing of huge asiemplays a key role. The most
important requirements are:
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» Quality criteria for geometry accuracy must beifigid.

« Different level of details must be available.

» Detailed color information must be available fotienpart and single geometrical
features.

» Metadata like attributes must be stored.

Packaging / DM U: In digital mock-up (DMU), the spatial propertiesaproduct are
examined and checked. This can involve checkingteeall geometry with regard to
dimensions and shape, interference checks, calligibecks for assembly and
disassembly, as well as design space checks (Fgure

For these purposes, the geometry, product struanatenetadata are displayed and
analyzed in a DMU application. The result of the DMnalysis is subsequently
summarized and documented in a report. The mogiritiaupt requirements are:

e Use of models from different source systems (mDAD).

» High-quality examination of large assemblies.

e Transferability of kinematics from the original madto the target model for
dynamic DMU analysis.

ocreaxe structure @ @ Export JT with
and geometry in Set materials Set tolerances [ Create static structure,

native CAD. in native CAD in native CAD hull snapshot | metadata and
geometry

o}
&
£
=)
=
15
=
=]
@
3
a

Move Perform
assemblies geometry-based
and parts collision detection

@ Perform collision

detection incl.
View materials tolerances (JT for e

Tolerance Studies)

e Import JT with

structure,
metadata and
geometry

Create report

[Tessellate] based on JT

DMU engineer

@ Switch display

View between LODs
tolerances and exact
geometry

Perform exact Store views in
measurements ar

Analyze critical
areas (heat
source, etc.)

Fig. 4. Use case diagram “Packaging”

Design in Context: A typically used modeling method is the desigihia context of
the existing geometry. In that case existing CADdels (e.g. from previous design or
from partners) are loaded into the CAD system. désign engineer then references
new or existing JT-geometry to the loaded partsassemblies. References from
native CAD to JT are also in focus. These referencen be between auxiliary
geometry (point, axis, plane), geometrical elemesnish as edges, vertices or faces
and exact geometrical references like curves. drstibsequent downstream processes
it is required to use this assembled model as gedesingle unit. Hence, the creation
of technical drawings must be possible. The mogpbitant requirements are:

» Tessellated as well as exact B-Rep data must bedsto
 Links between JT and native data must be possible.
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e Technical drawings must be derivable from hybricdedls.

Partner Integration: The use case is divided into two sub-sections. diheof the
“OEM to Supplier” use case is to send validatedg&bmetry with all necessary
metadata to the supplier, whereas the “SupplielO&M” use case defines the
exchange of JT files to the OEM.

Common to both sections is that the use casesd@a@vbasis for further use cases.
This means that by the Supplier or the OEM moreifipaise cases (viewing, design
in context, etc.) will be applied subsequently. Ti@st important requirements are:

* Quality check of JT and validation against nativieDOmodel.
* Meta data must be contained in JT model.
» Removal of intellectual property (if necessary).

4 Evaluation and Testing

An important aspect in driving the application alelelopment of JT is a coordinated
approach between the different bodies on the ond had a coordinated approach of
the activities themselves on the other hand.

4.1 Involved Bodies

Basis for the standardization activities of JT wéne enormous efforts of many
international bodies. After the initial impact haden accomplished by SASIG [1],
the four bodies: ProSTEP iViP Association (PSlg tBerman Association of the
Automotive Industry (VDA), the Automotive CIO’s arttie Global Automotive

Advisory Group for PLM (GAAG) have played a leadirge (Figure 5). Therewith

ProSTEP iViP Wwww.prostep.orjyhas thoroughly pursued these activities.

/ Standardization of JT \
|
éc"i\s,I:Ep VDA Automotive oo n e

Clo

JTImplementor JT Translator JTWorkflow -
Forum Benchmark  Forum PLM -AK

Hr. Prof. Katzenbach <> | Single Point of Contact

1ISO IT-Service Providers
Hr. Ziemer <> Siemens PLM & n other CAD vendors
N 5

{ Relationship Management |
[ [
JT Open JT User Group

Fig. 5. International cooperation in the standardizatibdTo
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Last but not least, the MoU (Memorandum of Undewditag) between Siemens
PLM und ProSTEP iViP provides the basis betweeh Ipatties in the area of JT, in
order to foster a common understanding of goalsramdsures to establish JT as a
binding process format.

4.2 National and International Coordination

In 2009 the ProSTEP iViP Association, in a joinfoef with the VDA (German
Automotive Association), has started three differdat interacting world-wide
unique JT activities. Within the so-called JT Wdokf Forum, Use Cases for the
application of JT are specified, describing the swn view from industry. The JT
Implementor Forum provides support in JT translatevelopment and maintains a
platform for interoperability testing for the vendo Within the JT Application
Benchmark the requirements are comprehensivelgdesithin neutral environment.

The project plans of these three project groupsveteharmonized, for driving the
application of JT as a common effort.

JT Workflow Forum: Aim of the project is to define and prioritize kege cases and
to identify relevant downstream processes for théaked data exchange. For all use
cases, requirements are collected and test critieffimed, e.g. under the aspects of
exchanging of visualization data, the validation3&f geometry, GD&T (Geometric
Dimensions and Tolerances) and - last but not leahslator quality.

These tasks are supported by the Content Harmamzaubgroup, which is
responsible for providing a clear definition of whirequirements should be satisfied
by the JT format and which by STEP AP242 as backlformat.

JT Implementor Forum: Within the framework of the JT Implementor Forum
Project Group, a platform for interoperability fegtfor the vendors is maintained. It
is a forum where participating vendors can testraeslators that they are developing
“behind closed doors”. The JT Implementor Forunaigseutral forum for software
vendors, where they can perform tests in an atneyspdif mutual trust and exchange
information on experience already gained.

In addition, from the vendor perspective, the aiéis within the JT Implementor
Forum can be seen as a kind of preparation fod Thapplication Benchmark.

JT Application Benchmark: Based on the recent standardization activitiesTodirad
also STEP AP 242, it is of importance to assura dathange quality within a neutral
Benchmark and to provide support in JT translaévetbpment.

The ProSTEP iViP Association, together with the VIPAM working group, has
initiated a first JT translator benchmark in 2088bsequently, the second translator
benchmark was conducted in 2010. The third benckmvas completed by the end of
2012. Thereby the focus will be laid on three ntajics:

1. CAD to JT export, focus on LOD and PMI
2. JT viewing, focus on performance and functionality
3. Assembly conversion with STEP AP 242 XML and JT

Vendors participating in the benchmark are invited present their latest
functionalities in form of Showcases to the JT Wiak Forum members. In focus
are cutting-edge solutions that demonstrate thesilpities of the JT format and
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applications. There are still small functional esroand therefore a need for
improvement (Figure 6).
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Fig. 6. Results of recent JT benchmark

5 Pilot Projects

As a further step towards the productive usage TofinJ automotive downstream
processes, first pilot projects are establishedlk&/eagen decided to use JT for
internal downstream processes to eliminate the faredrawings [7] [8] (Figure 7).
This application is limited to the use case “singlts” and shall be subsequently
extended to the full assemblies to avoid the usdgeige JT monolithic files.
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Fig. 7. Usage of JT within the Volkswagen Group

One of the most challenging project is the Dain@eritinental JT pilot project by
exchanging an ESP Electronic Control Unit.

In the following the process landscape (Use CaSepplier to OEM") of the
Daimler/Continental JT-pilot project is shown (Fig\8).

In order to fulfill the OEM needs (e. g. in casedata quality) it has to be ensured
that the JT and the accompanying structure forar@<reated properly. In a first step
the configuration settings of the JT-translatorénéty be adjusted to the OEM needs.
Therefore, the mentioned ProSTEP iViP JT Contentmdaization workgroup
(JTCH) has created a first best practice docum@ntifi the second step, the OEM
specific data preparation has to be done. Theref@éaimler JT Supplier Package
(JTSP) is available for all Daimler suppliers [7].

Diafa supoly/ -release bessdon T/ Assemibly Sirudus Dovngresm processes

i 4D

Joint Venture [JV) JT Tool Landscape (

U R |

i provess. O process 3B

S o
B

Fig. 8. Usage of JT in partner integration [7]
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The Daimler JTSP offers the opportunity to edit #fieinternal attributes and to
prepare XML based structure formats to meet the QBdlirements. The third step
in the process landscape is the data exchange tOEM. In case of the Daimler AG
the OFTP based SWAN system is used.

The final step of this process is the data impotb ithe Daimler PDM system
Smaragd. At this point in time the externally ceeat)IT datasets are released and
available to all Daimler downstream processes sisciewing, DMU or Design in
Context [10].

Meanwhile the full CAD data exchange by using JWaéng to be adopted as a
base CAD translation technology by supplier portdilske OpenDESC.com
(www.opendesc.cojr11].

6 Conclusions and Outlook

This contribution addresses the state of the divities in order to establish JT as a
universal process format. Industry needs simplatsols for the efficient use of IT

technology, including consistency in processes.r@tae strong requirements for
lightweight 3D formats for the visualization and wdwstream processes,
complementary formats in order to exchange mefa, datucture data and kinematics
data as well as open and standardized formatsltaeetotal cost of ownership and to
minimize dependency of single vendors [8], [9],][10

ISOJT, V1

pred Intemational i ! * ' * T
j {10 Organization for ! !

Rl Standardization N ! s &
Standardization E ’ . ’ ' ; :
Roadmap at 1SO i ; / ./ i /

; : : i "
Q3/2009 Q3/2010 Q4/2011  Q4/2012 Q4/2013* Q4/2015*
Legend: *:to be confirmed

PAS: Publicly Availablg | NWI: New Wark

€0: Committee

Fig. 9. The schedule of JT and STEP AP 242

After these very promising pilot projects mentioredobve, the activities on the
subject of lightweight visualization based on JVéalready reached a good level of
maturity, encouraging the wide range of companied asers, whereas it is a
forthcoming task to push the integration with tleeampanying format STEP AP242
(Figure 9). Although first applications creatingusing STEP AP242 XML as an out-
or input format are already available today, thdemisage will be announced in the
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next years. The future data exchange process @opJT as well as STEP AP242,
ensuring the exchange of whole complex produc#dl atages of product and process
development (Figure 10).

/Today‘s Industrial N (Future Scenario
Assembly Data Exchange Assembly Data Exchange

(AssembiyMets)
Dala (AP242),

m ‘@ Data (AP242) Data(AP242)
v v + 1 v GeometryY (Geometry (Geometry) (‘Geometry
m .@ @ (AP242) T) () =)

- Additional Possibility for
Kasemblyiet) Assembly Data Exchange

Data (STEP)
(Assembly/Meta)
Data (242XML)

| DatasTER) J U DatastER) )
Data (242XML) Data (242XML
 E@EDEDE

Fig. 10. Assembly data exchange with JT and STEP AP 242

References

1. N. N.: Digital Engineering Visualization, SASIGASIG Guideline, (2005), source:
http://www.aiag.org/source/Orders/index.cfm?seaixi24

2. N. N.: Collaborative Product Visualisation - Gealeissues and use case description,
Frankfurt, VDA, VDA Empfehlung 4966, (2007), source
http://www.prostep.org/fileadmin/freie_downloads/iehlungen-
Standards/VDA/VDA_4966_Collaborative-Product-Visaation_1.0.pdf

3. Frohlich, A.: White Paper 3D Formats in the &iaf Engineering — a Comparison,
PROSTEP AG, Darmstadt, source: http://www.pdfgenedatcom/nc/en/product/white-
paper.html

4. Biahmou, A., Fréhlich, A., Stjepandic, J.: Uniselte Formate fur Visualisierung und
Konvertierung in der Engineering-Kollaboration.dmational Conference GO 3D, Rostock
(2009)

5. Handschuh S.: Wertextrahierende Nutzung vaeneffi leichtgewichtigen Datenformaten in
automobilen Kollaborations- und Entwicklungsprokesten, Technische Universitét
Kaiserslautern, PhD thesis (2011)

6. Beckers, R., Fréhlich, A., Stjepandic, J.. Anwemgluund Potenziale universeller
Visualisierungsformate, 9. Paderborner WorkshopgtAanted & Virtual Reality in der
Produktentstehung®, Paderborn (2010), source:
http://www.transmechatronic.de/uploads/tx_vitramenablmin/literature/Anwendung_und_
Potenziale_universeller_Visualisierungsformate.pdf

7. Handschuh, S., Dotzauer, R.: ProSTEP Symposiur:2IT on the Path of Enlightenment —
Report of the JT working groups, 10.05.2012, Hamburg

Nantes, France,®— 10" July 2013



The IFIP WG5.1 10th International Conference ondrret Lifecycle Management — PLM13

8. Rohl, H., Frohlich, A., S.: Einsatz des JT-Fomsain der Digitalen Fabrik. VDI Kongress
.Digitale Fabrik“, Regensburg, (2012)

9. ProSTEP iViP (2010) Whitepaper Applying JT — @arice for Using JT in Practice Version
2, source: http://www.prostep.org/de/mediathek/géfemtlichungen/white-paper-
studien.html

10. Handschuh, S., Dotzauer, R., Frohlich, A.: Saatdided formats for visualization -
application and development of JT."™9SPE International Conference on Concurrent
Engineering, Trier, (2012)

11. Bondar, S., Potjewijd, L., Stjepandic, J.: Gliited OEM and Tier-1 Processes at SKR? 19
ISPE International Conference on Concurrent Enginggeflrier, (2012)

Nantes, France,®— 10" July 2013



