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ABSTRACT

Operational Collaboration Model (OCM) has been developed to provide net based, location and
discipline independent solution for the exchange of design technology, service and information. Its
development was preceded by the exploration of the state-of-the-art in the collaborative engineering
design to provide the theoretical basis for the research, and the research of the current practices in
European maritime sector. The OCM is facilitated through the Technology Collaboration Platform
which provides the distributed integrated design capabilities and European Maritime Collaboration
Platform which supports the collaborative capabilities for knowledge exchange. OCM allows for a
variety of different modes of collaboration, provided by the integrated design framework. Six case
studies are to be used for demonstration in engineering design environment and testing are currently in
the initial stages of execution, and aim to demonstrate the capabilities of the model but also identify
areas for improvement and potential issues in its implementation. Once thoroughly tested and
validated in the maritime sector the OCM will be fit for wider implementation in engineering design
community.
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1 INTRODUCTION

The need for more extensive technology transfer and dissemination of innovative practices has been
identified in the European maritime sector. The sector still largely operates without utilising all of the
available technologies holding great potential to improve the networking, information, service and
technology exchange, relying instead on old fashioned and location based services which severely
limit each entities reach. The solution for this problem is explored in the EuroVIP project, an FP7
funded project the University of Strathclyde is coordinating,

Our solution for a net-based, location independent collaboration platform for the exchange of design
based technology, services an information builds on the current modes of operation in the community
and allows it to utilise state of the art collaborative practices in order to support the integration of new
technology and innovative practices dissemination. It is conceptually based on an Operational
Collaboration Model (referred to as the “Model” in this paper) which is implemented through the
European Maritime Collaboration Portal (EMCP, referred to as the “Portal”) to support operational
collaboration as well as the Virtual Integration Platform (VIP, referred to as the “Platform™) to support
technology collaboration (Whitfield et al. 2012).

The model development and its application were informed by the collaboration requirements that
SMEs in the Maritime sector have, collected using a survey to identify the current practices in the
sector and the existing modes of collaboration and further supported by additional requirements
collection from the EuroVIP project partners. Literature covering state-of-the-art developments in
collaborative efforts in the CAD/CAE, PLM, exploring different modes of collaboration and models
supporting them was reviewed. The collaboration solution will be tested in six case studies which are
to be performed during 2013, and the case studies description is included later on in this paper.
Currently this solution is focused on the maritime sector, but it is generic in nature and applicable to
any domain.

2 LITERATURE REVIEW AND THE CONTEXT OF THE RESEARCH

2.1 Collaboration models and their requirements and issues

Strategic collaboration comes in three fundamental forms (Peterson, 1991): cooperation, coordination,
and collaboration. Koney et al. (2000) add the coadunation to this list - relinquishment of autonomy of
at least one partnering entity in an effort to attain the goal of the work performed. Collaboration often
develops or is implemented in stages (Gajda, 2004). Partners collaborating in a virtual enterprise may
work together to attain the same goal, sharing the risks, resources and rewards; but they may at the
same time be competitors and work independently to improve their own performance and market
attractiveness (Larsson et al., 2010; Thomson and Perry, 2006). Based on who/what makes decisions,
initiates actions and performs matching for the collaborations four different realms of collaboration are
identified: human-human; human-system; system-human and system-system (Horvath, 2012; Thimm
and Rasmussen, 2009). Balanced provision of all design management competencies and co-ordination
of roles (Katzy and Dissel, 2001) is a multi-criteria decision-making problem. State- of-the-art in
design collaboration are network based models (Germani et al., 2012), ideally platform independent
(Tay and Roy, 2003) and built on a modular structure (Tounsi, et al., 2011). Most collaboration models
are supported by knowledge organised in the form of databases. Contextually categorising the
structured, unstructured, explicit or implicit knowledge using a shared terminology enables its usage in
a structured way (Meyer and Thieme, 2010; Zimmerman, et al., 2005; Wulan et al., 2010).
Experiential knowledge and “knowing who knows” can be valuable, particularly in engineering design
related disciplines, however it is hard to capture and becomes obsolete easily (Larsson et al., 2010).
Our Model touches on all of these premises. It is modular in nature, human-system collaboration
accounting for competencies and role-coordination decision making. It is platform independent and
supported by structured knowledge collected and linked to the implementation facilities (the Portal and
the Platform). The Model we are proposing would allow its users to start collaborating with previously
unfamiliar partners with a high level of certainty that the collaboration outcome will be beneficial for
both entities. Choice of collaboration partners can be influenced by the prior experiences for familiar
partners (Thimm, et al., 2009). For previously unknown entities, the trust and identification with the
community (Garisson, 2009) reduce risk and uncertainty and support the belief that the partner will not
act opportunistically (Jeoungkun, et al., 2011). Trust is fleeting, hard to establish and perhaps even



harder to maintain (Gambetta, 2000) and to relieve the effect of the lack of trust each partner should
know what they both bring to and take from the partnership (Larsson et al., 2010). In a virtual
community post collaboration evaluation is often used to rate the trustworthiness of the potential
collaboration partners (Xiong, et al., 2002; Lander, et al., 2004; Thomson, et al., 2006; Swoboda, et al.,
2011).

Collaboration patterns can be identified manually from best practice data, by detecting prominent
usage patterns trough recording and scanning communication channels for instance or by observing
how community members either modify existing patterns or generate new ones (Tay and Roy, 2003)
(Larsson et al., 2010; Popplewell, et al., 2008). As new collaboration patterns emerge our Model will
be updated to include or address them. Finally the legal precursors to the collaboration need to be
taken into account, as it might take a variety of forms, ranging from networking to a joint venture
(Cagliano, et al., 2000).

2.2 Types of collaborative efforts involving CAD/CAE/PLM

Most of the established design collaboration solutions are aimed at closed communities with very little
public file sharing anticipated (Rama and Bishop, 2006). In computer supported cooperative work in
design the trend is the integration of technologies (Horvath, 2012), supported by the development of
advanced design and engineering systems, often extended with VR. Any portal supporting design
based collaboration is typically a general entry point into the software framework used during the
entire lifetime of the collaboration lifecycle, including collaboration brokering, orchestration of task,
set-up and closure of collaborative sessions (Bendlken et al., 2010). The Platform based section of the
Portal we envisage would function in a similar fashion. Regarding the structure collaborative platforms
are classified as (Fuh and Li, 2005; Song et al., 2010): Thin server/strong client, strong server/thin
client and peer-to-peer. Generally the protocols have not been standardized, in terms of architecture,
function or implementation (Horvath, 2012). There are three dominant modes of collaboration control
(Tay and Roy, 2003): Complete collaboration (peer to peer), Master-Slave division and the
organization where everyone sees everything but has control over only their own part. We are
proposing a structure in which each entity has complete control over their own contents, but which
favours data sharing and is more conducive towards complete collaboration. Collaboration platforms
which combine the knowledge exchange and design visualization usually consist of a few layers
facilitating different types of activities (Yingxia and Nan, 2010; Bendlken et al., 2010; Lee et al.,
2010). Commercial collaborative CAD/CAE/PLM systems largely focus on model sharing and
annotation among designers, but not on the concurrent communication between them (Lee et al., 2010)
and both syntax and semantics cannot usually be transferred (Fuh and Li, 2005; Raposo et al., 2009).
Research is being performed in the real-time collaborative design which would enable transfer of the
parametrically defined models in a neutral format between the PLM and CAD applications (Song et
al., 2010; Hwan, et al., 2009) attempting to resolve the problem using STEP, XML, VRML, X3D and
Xj3D technologies (Tian et al., 2007; Wright and Madey, 2009; Fuh and Li, 2005; Yingxia and Nan,
2010; Whitfield et al., 2011), as well as OMG (Object Management Group) specification. Our model
focuses on concurrent communication among designers and users, and the provision of right
information at the right time. It is less concerned with the visual presentation, although that may
become a factor in the later stages.

2.3 Network integration

Design based collaboration assumes the data transfer between distributed locations; therefore it is
necessary to establish a file transfer protocol. Most enterprises have firewalls set up which severely
limits options for data transfer and therefore most collaboration models have opted for secure hosting
and IP based VPN tunnelling as the data transfer method (Wang et al., 2009; Grow, 2012; Bendlken et
al., 2010). Data exchange is yet to be completely standardized especially since the volumes of data
being transferred could grow geometrically and no current solution offers a robust mechanism to
manage this change in volume. The data exchange for the solution presented in this paper ranges from
Portal requested and facilitated service provision with minimal exchange of data to the integration of
two geographically distributed Platforms communicating with each other using the portal minimally or
not at all, but exchanging large amounts of data. Large amounts of data could be exchanged through a
VPN connection using a specific port in the firewall, allowing the users to retain complete control over
what they share and who with, while still providing seamless support for data exchange.



3 FINDINGS FROM THE EUROVIP SURVEY

Through the maritime associations’ and EuroVIP project partners’ contacts a survey was distributed to
the companies of all profiles in the European maritime industry (80% of which with no ties to the
project) in order to discover the current common operational collaboration modes and priorities for the
companies in the industry. A questionnaire included 41 questions covering technology and service
collaboration, data and information exchange issues and 128 replies were received from associations,
companies and research institutions in the maritime sector from Belgium, Denmark, France, Germany,
Lithuania, Netherlands, Portugal, Sweden, Turkey, and UK. 69 were used for further analysis due to
completeness of information. It was discovered that collaboration plays a considerable role in
company business. The proportion of companies participating in collaborative business partnerships
are given in the Figure 1. Each graph gives a graphical representation of the percentage of all
companies taking part in service or technology exchange.
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Figure 1. Role of collaboration and service/technology acquirement/provision in the
European maritime community (survey information)

None of the companies were found to produce all of their own components and subsystems, and the
highest portion of them (32%) purchased between 21% to 41% of components they sell. Data
exchange is an integral part of the Model. Currently within an organisation, data is typically exchanged
using email, shared server or physical file transfer. Between organisations email, postal service,
physical transfer, and fax are used. This shows that the organisations are familiar with the standard
practices for data exchange, however it is noticeable that they are only used within each organisation,
and between organisations data exchange practices are quite out-dated. This is a challenge to be
tackled in the proposed solution.

Analysing the data regarding the ways companies promote themselves and obtain information about
other companies, although the internet, personal visits to potential customers, responding to calls for
tender and informal contact were identified as top four methods to promote business, personal visits to
potential customers and responding to calls for tender were identified as most effective. This way a
provider was usually found within between one and three months of search.

It was concluded that over 60% of the companies in the sector either provide or acquire services or
technologies, with the emphasis on design therefore developing a model for operational collaboration
was deemed a worthwhile effort. Companies reported the need for the reliable information sources on
technology/service quality, compliance with employed standards, and the importance of the price and
timescale of provision. It was highlighted that technology can be transferred or provided/acquired as a
service which should be accounted for in the solution proposed.

4 DEVELOPMENT OF THE COLLABORATION MODEL

The Model was created to provide a framework and support for design related activities. It abstracts
the service and technology collaboration modes between enterprises in a variety of possible
configurations. The Model is too complex to include in its entirety in this paper; instead a simplified
scheme illustrating the main sections and their connections is given in Figure 2. Model defined
collaboration modes are implemented through the combination of the Portal and the Platform. The
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Figure 2. Operational Collaboration Model

Portal is a web based solution supporting information, services and technologies exchange in the
maritime sector as the basis for collaboration forming, knowledge exchange and technology transfer. It
is comprised of the Business Directory (a main database containing relevant information about the
technologies, services, research activities, expertise etc.); the EuroVIP network which provides various
communication facilities (from instant messaging to group forming, event tracking, news, updates
etc.); and a variety of easily accessible collaboration tools (groups, calls for collaboration, service
collaboration etc.). Functionality is being developed within the Portal to provide “smart search”
enabling the “user” to timely identify the specific technology or service they might need in a given
context and start the collaboration accordingly. The Portal is being populated using appropriate
channels within the maritime community. To maintain the appropriate privacy levels where needed,
while still fostering the collaboration in areas which are less sensitive with regards to data privacy
practices, the control over the addition of the each piece of the each organisation’s information is their
own responsibility. Once assigned these permissions would be consistent throughout the Portal.
Information registered in the Portal is made available to search and browse through during the
collaboration negotiation and forming processes, therefore the keywords/tags using the shared
terminology will be assigned to it enabling the contextual storage. This in turn makes it possible for
the search to be contextualised for design environment — search for the same term yields different
results depending on the context. Post collaboration, the entries will be rated to support the
development of trust in the community. Evaluation will be performed using both the rating facility and
a simple and brief questionnaire, taking no more than 5 minutes to complete in order to increase the
response rate. The questionnaire’s content should minimize the subjective effects of the collaboration
experiences (Swoboda, et al., 2011) and the effects project results might have on the satisfaction
levels/trust, while ensuring the conspicuity - validity of information provided by the members about
their capabilities, capacities and costs (Afsarmanesh et al., 2009). Successful collaboration patterns
developed during the collaborative efforts would ideally be recorded and reused later as guides for
collaborations established on the similar principles.

University of Strathclyde has developed the Platform in a succession of EC funded projects (VRShips
- FP5, VIRTUE FP6 and SAFEDOR FP6) (Whitfield et al. 2011, Whitfield et al. 2012). The main
purpose was to offer support for integrated design with regards to the through-life design of ships by



providing an integrating environment through the provision of data and task level management and co-
ordination enabling different Computer Aided Design and Engineering (CAD/CAE) tools to be
integrated and operated in a unified and holistic manner. It allows distributed organisations with
different design and analysis tools, including both commercial and bespoke locally developed tools, to
be integrated together and perform distributed design processes. Currently the Platform is available for
installation, download and use for EuroVIP project partners. VPN connection between units is used for
secure data transfer.

Four different levels of collaboration are envisaged for the Portal/Platform coupling, each anticipating
different levels of utilization for both facilities, depending on the levels of the interaction collaborators
wish to have, levels of technical design support needed, security requirements and the quantity and the
type of the design information exchanged (for details please see Section 5).

S5 IMPLEMENTATION BETWEEN THE PLATFORM AND THE PORTAL

5.1 Collaboration modes

Initially three possible modes of collaboration supported by the Model were envisaged — Service
collaboration, Technology collaboration and Combined collaboration (roughly equal parts service and
technology collaboration). However the discussions with the EuroVIP project partners and the
experiences with the implementation of the Model so far have shown that almost all collaboration
configuration modes are combined in that they consist of both service and technology collaboration
combined in different ratios, depending on the specificities of the design process and its requirements.
There are four collaboration modes defined (Figure 3), and the main parameter distinguishing between
these modes of collaboration is whether they are more operational or technology based which is
mirroring the ratio of operational or technical level of collaboration mechanisms employed in the
process. In all four modes both Platform and Portal are used and integrated to a certain level. Seamless
communication between the operational and technical levels of collaboration would ideally be
achieved by the end of the project.

Collaboration mostly performed through Platform; partners have access to Platform; user has accessto Portal used for
partner search Level 4

providers VPN network and triggers execution of actions

Partners have access to Platform; info exchanged through Secure area in the Portal used for data exchange and the Level 3
XML files; higher level of control over process negotiation process; coordinating XML file transfer

Limited use of Platform; results of Secure area in the Portal used for data exchange and the negotiation process; L l 2
collaboration exchanged using XML files coordinating XML file transfer cve

No Platf,
integration

Secure areain the Portal used for data exchange and the negotiation process Level 1

Technical collaboration - Operational collaboration

Figure 3. Four collaboration modes illustrating the ratio of technical and operational
collaboration employed in each level

5.1 Collaboration configuration

Collaboration can be configured in two ways: Top-down or Bottom-up (graphically presented in the
bottom left shaded area in Figure 2). Top-down collaboration is the collaboration type in which
companies have a design project and a process (hot necessarily set up using the Platform beforehand)
ready in-house, but they are looking for service providers to complete the processes. They could input
their key information in the Portal, find service providers, form a process using the Platform, link
services to the software in the Platform and then move the work to it. If the companies are already
using the Platform and have established design processes, but would like to find suppliers for some
functions or replace the capability which has become unavailable for instance, they would engage in
Bottom-up collaboration. This way the model is used to fill in the voids in the process. In the case of
the bottom up collaboration the collaboration itself is more straightforward, and once the decision of
the collaboration partner is made the collaboration is reduced to either the simple service or technology
collaboration.



Essentially, both types of collaboration are foundered in finding the right partner for collaboration and
then negotiating the terms of collaboration that all sides are happy to comply with and get the most
benefit from. Theoretically the company could search for one or multiple services/technologies; or for
service /technology providers to execute the entire process. They could either simply search the
database for a suitable match or search through the published calls for collaboration for future or
existing projects. Once a match is found and clear requirements and constraints are defined the process
of collaboration options orchestration can start. It is an iterative process, and could offer just one result
or a number of options, depending on the nature of the project, number of service providers and their
capabilities, as well as the requirements and constraints themselves. Either organisational, control or
content modes of collaboration might be prioritised and the options available for the collaboration
orchestration might be influenced by that (Options section at the bottom of the Figure 2). Options are
assessed using the primary and secondary factors. Negotiation between the potential collaborators will
focus on all of the relevant points regarding the design requirements and specifications and
capabilities, capacities and cost to fulfill them. The negotiation process can be supported through the
communication mechanisms embedded in the Portal or it could be performed outside independently.

6 CASE STUDIES AND EVALUATION

Six case studies are planned to be performed in the following 12 months to demonstrate a variety of

combinations for the operational and technical collaboration. The purpose of these case studies is to

show how the collaboration means promoted in the EuroVIP project (including the Platform and the

Portal) could facilitate predominantly design technology transfer into SMEs. Partners involved in the

project will collaborate with each other remotely most of the time and locally in two workshops

planned to implement the studies and ensure their progress. Appropriate metrics will be identified for

the analysis, including items such as cost, efficiency, and time reductions. Two evaluation

guestionnaires will be distributed for feedback. Input of the questionnaire will be used to analyze the

results and identify the best practice of collaboration.

The preparation for the case studies is currently underway and the main guidelines for all studies have

already been defined. Data will be collected to reflect the use of the Platform and the Portal through

the comparison of the operation while first not using and then using the two facilities, as well as how

either of the options influences the workflow. For the Platform, most of the data collected relates to the

technical collaboration aspects such as error reduction through automation, data consistency. It is

mostly objective and quantifiable. For the Portal, most of the data collected relates to the operational

collaboration aspects such as database searches and making contact through the web portal, which

outputs less quantifiable data, relying more on the subjective observations of the users.

Six different scenarios will be played out:

1. A company looking for a replacement for one component of their design process, bottom-up
approach;

2. A company using the Portal for selecting suppliers, bottom up or top down approach;

3. A company using the web portal to assemble experts for the planned design project, top-down
approach;

4. A company combining a number of newly developed techniques into a single complex process
in the Platform;

5. A company performing a multi-disciplinary analysis of a new ship hull being designed, with all
tools using their own visualisation solutions;

6. A company using the Platform capable of remote execution of an internal company tool using
the ticket system and subsequent billing procedure.

All facilities for the case study implementation are already in place.

7 DISCUSSION

The survey analysis has shown out-dated practices and this solution is an attempt to modernize the
processes employed in the European maritime industry and enable it to overcome the limitations of
geographical location at no expense on the quality of the design work performed and its outputs. We
believe it will also improve the information and data exchange practices and to an extent standardize
the requirements for the most frequently applied collaboration modes. In the previous applications of
the Platform the time and cost savings as well as the significant reduction of user generated errors has
been proven. We are attempting to achieve similar effects within collaborative distributed design. The



case studies will, once completed, provide the quantified data to confirm or deny this. It has been
reported that simply finding the right partner takes from one to three months. We believe this time
period will be significantly shortened and enriched by adding a variety of easily accessible options for
actual collaboration forming following the partner matching, and the evolutionary collaboration
support throughout the collaboration lifetime.

Through the Platform and the Portal coupling the European maritime online presence is achieved and a
community is being built. The rating and evaluation facilities supported by the best practices collection
and the recording of lessons learnt are intentionally designed to build the trust between the companies
and increase the likelihood of collaboration forming. The Portal communication facilities are strongly
based on groups, which would ideally be used to interlink a number of sections and ensure continuous
flow of information about the companies, current projects, finalized projects, collaboration patterns,
innovative design solutions, best practices, and potential problems collaborators have encountered.

For the solution to become fully applicable for the majority of the European maritime companies a
number of facilities mentioned in this paper require further refinement (e.g. “smart search”, tag
suggestion, collaboration negotiation). The method of presenting collaboration evaluation rates in the
Portal is a sensitive issue, since most users are expected to be commercial entities interested in
maintaining good reputation. On the technical side the current solution supposes the VPN connection
and the firewall issues currently tied with it and XML file exchange which means that the prompt for
file upload/download is needed. Therefore it is not seamless and requires interaction with the portal
which will be resolved once the Portal-Platform link is fully established.

8 CONCLUSION

Once completed the collaboration solution presented here should be able to provide the competitive
advantage through the creation of new networks, forging new collaborations and partnerships to take
advantage of design advances and innovation. It aims to provide net based, multi-disciplinary, cross-
company, cross-domain, cross-system and cross-technology design collaboration with integrated
distributed design capability. It is currently being tested in the maritime environment, but it is in no
way limited to it and is applicable to any engineering design sub category. The Model aims to improve
the supporting aspects of the engineering design such as knowledge exchange and technology transfer.
Six case studies currently being developed will demonstrate the capabilities of the Model in the
maritime industry as well as the Portal and the Platform implementation benefits and help identify
areas where further development is needed.
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