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Abstract. With their response to the market and regulatory challenges, modern 
enterprises have introduced and continuously improved processes, methods and 
tools to feed the individual needs of their business domains, multidisciplinary 
teams and supply chain, mastering the growing complexity of virtual product 
development. As far as product data are concerned, data exchange, 3D 
visualization and communication are key processes for reusing manufacturing 
intelligence across lifecycle stages. User-friendly access to the increasing amount 
of information plays an essential role in business and leisure. Several CAD 
interoperability and visualization formats meanwhile have been developed to 
support product development strategies. Such activities also include national and 
international associations and standardization bodies. The emerged methods and 
systems aim to increase the performance, acceptance, and user experience of 
graphical data representations for a broad range of users. This paper analyses 
methods and tools used in virtual product development to leverage 3D CAD data 
in the entire life cycle. It presents a set of versatile concepts for mastering 
exchange, aware and unaware visualization and collaboration from single technical 
packages fit purposely for various domains and disciplines.  
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Introduction 

The gradual cyberization of physical products and predominantly the introduction of 
Computer Aided Systems have triggered a digital transformation movement in 
Manufacturing. Applying 3D CAD and PLM strategies has fundamentally led to higher 
productivity, better quality and a simultaneous reduction of overall development time 
and costs [1]. 

Meanwhile, product development methods such as Concurrent Design, 
Simultaneous Engineering and Systems Enginnering have widely been adopted [2]. 
They tend to manage complex development tasks in such a way that independent units 
can be processed concurrently to build an optimal technical solution designed for a 
complex issue. They ensure inherent behavior of each unit as well as system-wide 
interactions according to weighted objectives [3] [4]. 

The principle advantages provided with above-mentioned methods and tools have 
likewise contributed to growing complexity. Combined with various domain- and 
organization-specific software applications available with new product development 
trends, the pace of changes, the amount of data and the quantity of knowledge inserted 
in virtual product data are now reaching exponential growth [5] [6] [7]. 
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Attaining better performance and accuracy while providing product data to the 
right party in the context of his current application is essential for greater time-to-
market. As de-facto reference of the physical product, from which downstream data are 
derived, the 3D product representation deserves a particular interoperability attention 
[8]. Modern organizations thus invest in activities required to achieve seamless 
experience with 3D data across applications, disciplins and supply chains [9]. These 
main activities are: the exchange of product relevant data across aforementioned layers; 
the visualization of cyberized products with purposely disclosure of source intents and 
the communication [10][11][12]. 

Mastering quality, product design and configurations, bill of materials, changes 
and releases requires an overall product and process integration, which takes care of 
differences in coordination workflows [13], engineering domains, methods and tools of 
the different parties participating at product life, while safegarding all current 
investments (Figure 1) [14][15][16]. 

The paper is organized as follows. In section 1, the business challenges in 
interoperability and visualization are briefly described. Section 2 discusses in more 
detail the current approaches for 3D-based collaboration. Deployment of JT and 
practical experiences is highlighted in section 3. Section 4 contains a summary and 
ideas for further research. 

1. Business challenges in interoperability and visualization 

In the past several interoperability data formats arose. There are basically two primary 
types of formats: proprietary and open formats. 

Proprietary formats are vendor-specific. They are used to describe product data in 
the majority of authoring tools in the marketplace. Descriptions of these formats are 
generally regarded as intellectual property by the software vendors and are suitably 
protected. Due to their lack of openness they are essentially less appropriate for 
collaboration in the extended enterprise. They will no longer be considerered in the 
context of this paper. 

 
Figure 1. Potential application of 3D formats during product lifecycle. 

On the other hand open formats are often designed to enable interoperability 
between applications. They provide descriptions which are openly specified and 
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accessible to third-parties (application vendors and customers), who wish to make data 
available from and to their own applications. Open formats and particularly standards 
ratified by a recognized international organization are stable by nature and may slowly 
evolve [17]. Open standards however, enable the reduction of total cost of ownership 
and ensure independence from specific vendors by making sure that the data they 
encapsulate is always capable of being leveraged downstream and recoverable from an 
archive repository [18]. 

It hereby goes without saying that formats such as IGES, DXF, STEP, 3D XML or 
JT are being widely accepted and have helped to improve dynamics in product 
development [19][20]. 

IGES defines a vendor-neutral file format by information structures for the digital 
representation and exchange of information like product definition data. It supports 
exchange of geometric, topological, and non-geometric product data beneath 
CAD/CAM systems such as: administrative identifications, design or analysis idealized 
models, shapes, processing and presentation information. It is used for applications 
such as traditional engineering drawings and design as well as models for simulation 
analysis. 

The development of STEP started in 1984 as a worldwide collaboration. The initial 
plan was to define a mechanism that is capable of describing product data throughout 
the lifecycle of a product, independent from any particular system. This type of attempt 
was made for the very first time. By nature of its specification STEP is suitable not 
only for neutral file exchange, but also as a basis for implementing and sharing product 
databases and archiving. 

Typically STEP can be used to exchange data between CAD (computer-aided 
design, CAM (computer-aided manufacturing), CAE (computer-aided engineering), 
PDM (product data management)/EDM (engineering data management) and other CAx 
systems. STEP appeals product data from mechanical and electrical design, geometric 
dimensions and tolerances, analysis and manufacturing, with additional information 
specific to various industries such as automotive, aerospace, building construction [21], 
ship building [22], oil and gas, process plants and others. Unlike modern formats like 
e.g. JT, STEP has not the option “lightweight” representations of a product or object, 
nor does it concern itself with compression. This makes STEP not first choice for 
visualization in downstream processes. 

STEP is the most important and largest effort ever established in the engineering 
domain and has replaced various CAD exchange that were used prior to the widespread 
industrial acceptance of STEP. It is developed and maintained by the ISO technical 
committee TC 184. 

The JT format described in ISO 14306:2012 is used mainly in industrial use cases 
as the means for capturing and repurposing lightweight 3D product definition data [20]. 
The development of the binary file format JT started in 1990. It is used as both a data 
exchange format between design partners and manufacturers, as well as for 
visualization applications such as digital preassembly (also called digital mock-up or 
DMU) [23] and generalized visualization, more commonly referred to as 
view/measure/mark-up (VMM). 

Due to its container structure JT shows “duality”: it is able to be used in cases 
where data exchange from one application to a second, as well as in cases where 
visualization is desired.  

JT is actively used with fast rising trend. As of today several millions of JT files 
are managed in automotive PDM systems alone covering a multitude of engineering 
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use cases. It has emerged to a major 3D format in automotive collaboration, which 
requires a particular interoperability focus to maintain the stringent process and quality 
requirements of its different applications [24]. 

As a matter of fact, among all the aforementioned proprietary and open formats, 
none delivers overall versatility and capabilities by its own to equally sustain the varied 
demands of collaboration [25] in the extended enterprise and further, beyond product 
development stages of product lifecycle (Figure 2). Either they are not easily accessible 
or they do not have sufficient capacity for sharing dissimilar  representations of same 
product (e.g. 2D/3D CAD, CAM, BoM, etc) across different applications, domains and 
teams. Or they aren’t providing sufficient tools and SDKs to support and adapt the 
collaboration experience. Or their industrial use is very low or they just are not ratified 
by a recognized standards body, which makes them strategically unsustainable for 
modern organizations. 

 
Figure 2. Schematics for Use Case Structure. 

The industrial application of these 3D formats have moreover been around the 
transport of specific data sets mainly for the purpose of visualization, data exchange or 
bulk migration (Figure 2) in downstream processes, whose underlying goals are 
presentation and transformation of native 3D CAD geometry from an authoring 
application into an alternative format. The resulting data is finally translated into a 
proprietary format of a third party application for use in e.g. design, validation, and 
viewing or long term archiving. 

Normally and as far as engineering collaboration is concerned, different parts 
describing an affected request and their virtual product data are delivered through 
diverse channels and towards quite a lot of authoring systems; be it a request for 
information, work, change or approval. E-mail, CAD and various data exchange 
applications as well as a bunch of data communication channels are also used  [26]. 

Basically, this approach is a limitation to leveraging product data across lifecycle 
stages, domains and supply chains, because the necessary information is supplied in 
disconnected parcels. They have to be collected systematically, and re-aligned to each 
other on reception to effectively consume them. In many cases, they have to be 
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translated into the  workspace of the receiver. The missing link between these parcels, 
though, is an issue that leads for many organizations to unnecessary bureaucracy. As 
far as manufacturing is concerned, this means that the development partners must 
support several systems and configurations and are additionally busy adapting and 
integrating data instead of using them right away. 

2. Current approaches for 3D-based collaboration 

Lifecycle Collaboration should be more versatile than providing chunks of data [27]. It 
is more than disconnected product structure, visualization or 3D design! It is the logical 
combination of all relevant data flows put in context with a recipient consuming these 
data to better perform a set of product development tasks. Under this consideration, 
research and industrial communities are investigating approaches incorporating 
different types of information [25]. 

Pushing the practical penetration of JT in engineering downstream has enormous 
potential for manufacturing. Regarding this, there is one effort – the first of its kind – 
aiming at the smart combination of the two international standards STEP and JT to 
establish a process oriented solution for supporting automotive data exchange 
requirements, which incorporates not only 3D visualization but also process relevant 
capabilities. The manufacturing community has recognized that JT itself can only reach 
its full potential by applying it in combination with smart XML functionalities of the 
Application Protocol (AP) 242 of the STEP standard [24]. In this perspective, STEP 
AP 242 should become the process backbone for e.g. assembly, metadata and kinetic, 
whereas JT is enabler for lightweight visualization of 3D data. 

Detailed information hereto can be found within the JT Workflow Forum (JT-WF) 
[28], a joint project group established by the ProSTEP iViP Association and the VDA 
(German Association of the Automotive Industry) in 2005. The objective of the forum 
is to drive the requirements relating to the application of JT and the accompanying 
format STEP AP242 XML, to validate them, to document the processes in use cases 
and to harmonize the necessary characteristic of the used JT as well STEP AP242 
XML data content. JT Workflow Forum has already described 32 use cases for 
implementation [28]. One of the most important drivers for future development and 
deployment of JT is Daimler, where JT is the central resource for provision of 3D data 
(Figure 3). 

The advantages provided with JT however do not have a life cycle coverage yet. 
Still today, most organizations are seeking for concepts and best practices in reusing 
their product data not only in product engineering but e.g. also in facility, product 
planning and manufacturing execution, where STEP and other formats for instance are 
already applicable. This situation is enforced with lack of standards for data exchange 
and interfaces between cross-domain systems used there, which are fundamental for 
collaboration with external partners in production (digital manufacturing). 

The lack of direct support for JT causes for instance requests for translation to 
perform machining operations. 

The recommendation 4953-2 is an implementation proposal of the German 
Automotive Association (VDA), which describes concepts and means to replace the 
conventional 2D drawing (as a leading carrier of product information) by 
documentations on the basis of a technical data container [29]. The scope of this 
recommendation is a document-based container, which includes mandatory and 
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optional contents with 3D data streams and their linked technical metadata. The aim is 
to eliminate the need existing in many areas of derivation and management of 2D-
based collaboration and technical documentation. 

This guideline describes the structure and management of product data embedded 
in a technical container as well as its architecture. A 3D content with annotated 
geometry representation is one of the main compulsory content having attached JT 
(ISO 14306) files as recommended 3D carrier. A structured metadata content, which 
isn’t embedded into but linked with the 3D content, is building a second mandatory 
part of the proposal. VDA 4953-2 recommends STEP AP242 BO XML-Format (ISO 
10303-242) for storing metadata and PDF/A (ISO 19005) for presentation inside the 
container. Optional contents can be embedded and should be of any file format that can 
be used for long-term archiving.  

 
Figure 3. Scenarios and processes for JT deployment at Daimler. 

Based on a similar concept, a further German automotive OEM Volkswagen has 
published and presented such a container using PDF as container and JT for storing 3D 
product data. An external viewer is launched interactively to present and query 3D JT 
objects such as PMI and technical descriptions from the PDF/A presentation layer. 
Meanwhile, it is used as a basic tool for various internal downstream processes. 

One development approach alongside PLM, which declares the 3D CAD model as 
the record of authority and the source for which all other documentation flows is 
Model-Based-Design (MBD). By emphasizing digital CAD file use for collaboration at 
the beginning of development, it is the ground for a fully integrated and collaborative 
environment founded on a 3D model based definition detailed, documented and shared 
across the enterprise to enable rapid, seamless, and affordable deployment of products 
from concept to disposal [30]. Thus, Model-Based Definition (MBD) is a concept of 
managing engineering and manufacturing information using 3D models as primary 
source and record of authority of all other product data related to design, process 
planning, manufacturing, test, services and overall product lifecycle [18] [31]. MBE in 
its core is truly not pushing a format or a tool [32]. It is rather defining a “3D Master” 
with its associated descriptions and technical files to push interoperability one step 
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further. It thus can be implemented with various standard formats such as STEP, JT or 
PDF.  

These particular interoperability formats are selected by various manufacturing 
organizations to achieve the vision of a Model Based Enterprise at numerous levels: 
which basically is reducing the significant manual intervention in the supply chain to 
go from product design through product lifecycle downstream such as manufacturing 
or quality inspection.  

Despite the industry MBE vision to become model-centric, 2D drawings is still 
playing a fundamental role for technical documentation between OEMs and their 
suppliers. Many among them still exchange design data in the form of full-annotated-
2D drawings combined with 3D-shape-geometry model. Only a small percentage of the 
manufacturing actors use just a 3D model with embedded 3D-PMI partly due to 
following barriers [33]: 

• 2D Drawing is still considered the master versus the 3D Model by many in 
industry. 

• There is a significant learning curve to effectively embed PMI into a 3D CAD.  
• There is an overall supply chain work to consider before adopting 3D PMI in 

the development process. 
• Many application program interfaces (API’s) do not adequately support 

downstream processes due to lack of PMI. 
VDA recommendation 4953-2 in chapter [29] is an instantiation of the model-

based design principles. 

3. Deployment of JT and practical experiences 

 
In the past few years JT was widely adopted by many global enterprises, in particular 
in the automotive industry. They have built a JT-based infrastructure which allows that 
each authorized user can access the JT data during the product lifecycle. Large 
enterprises report on successful implementation and deployment [34]. Among others, 
JT is primarily used in the following downstream processes: Design in Context, Data 
analysis, Multi-CAD, High-end visualization, Supplier Integration, Geometrical search, 
Assembly validation/DMU, Archiving. 

In combination with STEP AP242 XML, JT has become a powerful means for 
support of many engineering tasks, as reported from interviewed users (Figure 4) [28].  

Users are unanimous in their assumption that approximately 30 percent of the costs 
currently incurred for CAD licenses can be saved permanently as the result of 
introducing the neutral standard format. This is especially true for companies who are 
forced, for various reasons, to implement a number of different CAD systems. Some of 
these implementations may then no longer be needed, provided the exchange of data 
with partners and customers for certain purposes can be changed over entirely to JT. 

Data exchange between native formats often results in the need for reconditioning 
to correct any transfer errors. Once an agreement regarding the use of JT has been 
reached, the number of transfers required between native formats will be subject to a 
significant decrease. This means that the amount of work currently required for 
reconditioning the data from internal and external partners will also decrease markedly. 

The smaller size of the JT files and the simple, often automatic, conversion make it 
much easier and at the same time faster to exchange data between different CAD 
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systems, for instance for design in context. However, the size of the JT file heavily 
depends on its configuration. 

 
Figure 4. Exchange of kinematics data via STEP AP242 XML. 

All those involved expect the processes that can be supported in the future as a 
result of the availability of JT to improve dramatically and, above all, be easier to use. 
The ability to rely on not words but visual support across departmental borders, in non-
technical process and via the Internet will release a considerable amount of energy that 
was previously inevitably required to search for data, explain documents and 
disseminate information. In the same way that NetMeeting supports telephone and 
video conferences and 3D-PDF allows the creation and processing of a wide variety of 
documents, so can JT become a core element in collaboration scenarios that involve 
engineering data. 

4. Conclusions and outlook 

This contribution has addressed the state of the art activities for establishing JT as 
universal process format for interoperability and visualization of complex products. 3D 
interoperability is an important contribution to engineering collaboration. Several 
formats made to for this purpose successively deal with challenges of their time. Some 
of these such as STEP are very detailed formats, which gradually encapsulate all 
information necessary to define a product, its manufacture, and lifecycle support. 
Others focus mainly on lightweight visualization use cases and endure better with 
increasing size and complexity of data. The status of JT is very promising. Its 
application has reached high level of maturity with a eco-system consisting of 
developers, adopters and users. However, in the era of lean and agile, seamless 
collaboration needs continuous planning [35]. 

There are further requirements for 3D formats for the visualization and 
downstream processes, and complementary formats in order to exchange meta-data, 
structure data and kinematics data as well as open and standardized formats to reduce 
total cost of ownership and to minimize dependency of single vendors. As shown in 
Figure 5, the exemplary scenario for exchange of product structure, geometry and 
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meta-data expresses that the data exchange based on JT and STEP AP242 XML is 
possible with few weak points (translation and proper interpretation of attributes).  

 
Figure 5. Data exchange scenario with JT and STEP AP242 XML. 

Further implementation and integration of remaining use cases with the 
accompanying format STEP AP242 is the major forthcoming task for JT development. 
In version 2.0 JT will adopt further representations of geometry model. Further 
development is preserved by international bodies which include implementer fora.  
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