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Abstract 

The competitive development and optimization of manufacturing systems challenge the collaboration and 
innovation of enterprises. Different information, thinking, and points of view have to be exchanged across 
engineering, decision-making, and executive levels safely and effectively. The Virtual Reality (VR) 
technologies provide the users advanced Human-Computer-Interfaces for designing, analyzing, and 
optimizing complex manufacturing systems. The objective of this paper is to describe a VR-based approach 
that allows the simultaneous visualization, investigation, and analysis for factory planning. This gives global 
entities a competitive advantage when conducting business. 
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1 INTRODUCTION 

To enhance the factory planning processes during 
production design, an immersive Virtual Reality (VR) 
supported approach for distance collaborative factory 
planning is described in this paper. A review of current 
research in the area of factory planning, various 
collaborative methods, as well as the implementations of 
immersive VR is provided.  

Different types of interaction are then differentiated. For a 
classification of collaboration, interactions will be divided 
into Human-Human-Interaction and Human-Machine-
Interaction. The interaction types are analyzed and 
assigned while taking into account the needs of factory 
planning in a virtual environment. The minimum 
requirements are defined for the further configuration of 
collaborative VR systems. 

Based on the VR software VRUI (Virtual Reality User 
Interface), the visualization in a single immersive system 
will be extended to a platform which will consist of two or 
more connected, immersive systems. This allows users in 
different locations to cooperate, explore, and analyze 
within the same virtual model in real-time. An approach to 
achieve the described collaborative VR system is 
introduced. Options to manage interaction and 
cooperation of users, network and data transmission, as 
well as consistency and priority control of processes are 
discussed. 

2 RELATED WORK 

2.1 Factory Planning Process  

Factory planning is a multi-criteria problem dealing with 
optimization of material flows, resource utilization and 
logistics at all levels of a factory [1]. Competitive 
advantages can only be achieved through a 
comprehensive configuration of the factory as a whole 
system. Isolated configurations of processes won’t lead to 
a complete solution [2]. To ensure this complementary 
strategy, several logically structured Factory Planning 

frameworks were developed. Despite the different 
approaches a common basic classification scheme is 
accepted throughout the scientific community. It 
structures the Factory Planning Process into the three 
main fields target planning, conceptual planning and 
realization planning. GRUNDIG refined this rough scheme 
to six factory planning stages (Table 1); they will be the 
conceptual basis in this paper [3].  

 

Table 1: Planning phases and systematics [3]. 

In industrial factory planning cases overlapping and 
parallelization of the stages are often required. This is 
realized by attaching an iterative structure to the concept. 
The stages ‘concept planning’ and ‘detailed planning’ 
(outlined as ‘central planning stages’) are the most crucial 
stages in the factory planning process. During these 
stages the expertise of several planning specialists is 
merged to determine the capabilities of the factory [3]. 
Hence, the process improvement efforts are mostly 
focused on these stages. 

One of the key characteristics of current factory planning 
projects is the inclusion of a number of different planning 
fields. To avoid suboptimal planning results, several 
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development tendencies within the affected planning 
fields have to be taken into account. Interdependencies 
must be respected, therefore the participation of 
employees from several divisions is recommended [4]. 
This collaboration is typically recognizable during the 
central planning phases (Table 2) [5].  

 

Table 2: Involvement of different divisions with the central 
planning phases [5]. 

As a result of the participants’ specialized professional 
competencies and their differing points of view on the 
task, the effort to integrate their contributions into a joint 
solution increases. In order to tackle this task, significant 
interaction towards a ‘cross-disciplinary design 
environment’ is proposed [6]. This problem gets even 
more complex when external parties contribute to the 
factory planning process. Generally, the use of 
Simultaneous Engineering and the involvement of all 
essential project participants at an early project stage is 
the accepted standard throughout the scientific and 
industrial community [3]. 

Support tools to provide cooperation and to enable 
effective factory planning are required for a successful 
implementation of these measures. The main challenge is 
to enable collaboration among the users and their 
different locations. By implementing an interactive 
environment, team members will be able to work together 
anytime and anywhere. Such a seamless connection 
fosters faster decision making and instantaneous 
feedback [7]. 

2.2 Current collaborative methods and tools  

The extension of communication and cooperation beyond 
organizational and divisional boundaries will speed up 
planning processes and reduce the complexity during 
work by implementing collaborative factory planning tools. 
This will be realized by interconnected but spatially 
distributed VR systems [7]. For the optimized planning of 
factories three crucial tasks have to be tackled by all 
participants in a cooperative way [1]:  

 Production parameter optimization 

 Optimization of production control strategies 

 Layout optimization 

These tasks call for the distribution of necessary 
information and the current planning status to all project 
participants. To ensure the dissemination of information, 
requirements are determined which need to be fulfilled by 
collaboration methods in a proper way. Following 
SMPAROUNIS’ approach for collaborative product design, 
the preliminary features are identified as [8]: 

 quick and easy data storage and sharing 

 synchronous and asynchronous communication 

 cooperation in designing and manipulating 
geometrical models 

 multi-user visualization and interaction 

 decision support 

With regard to the previously defined planning stages and 
the identification of the central planning phases as the 
crucial phase of planning, they must be supported in a 
favorable manner by collaboration tools. Traditional 
methods to facilitate the factory planning are focused on 
functional-, demand oriented- and structural-design of a 
factory. Ordinarily the concept planning stage is 
concluded by a feasibility test. Often coordination 
activities for detailing the layout involving several 
divisions are planned only after this test [3]. 

In current industrial projects the exchange of planning 
states is often realized in an unsystematic way with little 
support of digital tools. Even if digital data is provided by 
the several participants, approval is paper-based. This is 
grounded in the fact that visual analytic tools are typically 
insufficient for collaborative work. They are designed for 
single user operation on standard desktop systems [9]. 

To solve this problem research projects regarding this 
topic were initiated in the recent past. They emerged from 
two main movements in the scientific community dealing 
with two aspects of collaborative work [10]. On the one 
hand is the ‘collaborative knowledge construction’ 
concerned with multi-party decision-making supported by 
visualization tools [11]. On the other hand ‘environmental 
planning’ is more focused on the discussion of problems 
through communication of options, plans, desired future 
outcomes and persuasion [12]. Depending on the focus, 
digital tools are more or less suitable to support both 
ideas. To support the factory planning process in a 
comprehensive way, future tools must be able to capture 
both movements in a holistic way. 

 

Table 3:  Comparison of current collaboration tools. 

With these basic principles in mind, current research 
projects and their resulting tools are sketched and 
compared in Table 3. 

For enabling ‘high level collaboration between humans 
and intelligent agents in a virtual reality’ the Virtual 
Collaboration Arena (VirCA) has been developed. The 
main idea behind this project is the interaction of users 
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with Virtual Reality itself. Therefore interaction is 
suggested to focus on the communication between the 
user and other humans, but also between humans and 
robots or other intelligent agents [13]. Due to this focus 
the decision-making between distinct users is less 
pronounced. The adaption of the system is oriented more 
towards the operating phase of a factory than the factory 
planning process. 

The COLLAVIZ Framework is developed for ‘collaborative 
visualization of 3D scientific datasets’. The aim is to 
enable the collaboration of scientific experts based on 
sharing their knowledge and research results. Therefore 
users are encouraged to share the same virtual 
environment [14]. As COLLAVIZ is focused on the 
investigation of scientific simulation datasets by several 
experts the decision-making aspect is not highly 
pronounced. The features are more focused on a 
collaborative interpretation of abstract scientific data. 

The ‘Virtual Factory Manager’ (VFM) is a facilitating 
server tool developed by the ‘Virtual Factory Framework 
program’ [15]. By applying the ‘GIOVE’ tool for 3D 
immersive representation and interaction within digital 
models [16] and the ‘Factory Layout Planer’ for designing 
and simulating factories, a set of digital tools has been 
provided [17]. Despite this extensive approach a 
comprehensive tool, which enables the two movements 
(collaborative model investigation and face-to-face 
decision-making) in an interconnected way, is not 
provided. 

In addition to the categories shown in Table 3, the 
capability of the tools to enable interconnection between 
immersive Virtual Reality (VR) systems is crucial. During 
the last two decades immersive VR has become more 
and more important throughout the industrial sector. 
Enhancing immersive VR with collaborative tools to 
support the decision making process by sharing 
information, will increase the benefit companies are 
receiving from the usage of immersive VR [16]. 

 

2.3 Implementation of immersive Virtual Reality  

As a comprehensive and widely developed technology, it 
is difficult to find an unambiguous definition for Virtual 
Reality (VR). This term is also labeled as Virtual 
Environment, Artificial Reality, or Cyberspace. However, 
the common understanding of VR is a computer 
generated environment in which the users are able to 
interact or participate in real time [18, 19]. Immersion, 
interaction, and imagination are three main features of VR 
[19] and embody the advantages of VR systems. 

Based on the immersion levels, VR systems are classified 
into non-immersive, semi-immersive, and fully immersive. 
A non-immersive system is, for example, the desktop 
based work place. The fully immersive VR systems, such 
as a Cave Automatic Virtual Environment (CAVE), 
provides the most costly and complex solutions but also 
provides unique benefits. Compared with non-immersive 
systems, an immersive VR system has a higher sense of 
situational awareness, wider field of view, higher scale 
perception and a greater sense of immersion. However, a 
non-immersive VR has advantages such as lower costs, 
shorter development time, and better implementation 
conditions. A semi-immersive VR has an immersion level 
between the non-immersive and fully immersive. They 
are, for example, Power Wall systems and the head 
mounted displays (HMDs, also called “goggles”). The 
costs and system complexity fall in the middle as well. In 

Table 4, the advantages and disadvantages of four typical 
VR systems are represented.  

Due to the significant advantages of immersive VR 
systems, it is an optimal planning tool for manufactory 
systems. The virtual environment allows more people to 
be involved in the planning process which leads to 
quicker and better result. Virtual analysis and comparison 
of planning options avoid many potential risks and costs 
[20]. Various implementations have already been made to 
facilitate industrial applications. Following is a brief review 
of factory planning issues and collaborative activities.  

QUICK et al. introduced a simulation data interface to VR 
systems. The event-driven simulation data is represented 
in VR and enables interactive viewing and analysis. A 
direct connection between the simulation server and VR 
is not available [21]. SCHENK et al. introduced [22] a 
method to combine VR and assembly simulation for 
production planning. As result, a fully-interactive and 
immersive 3D visualization of assembly lines and 
factories is implemented in VR. This application benefits 
not only production engineers and decision makers. The 
individual assembly operators are able to train for 
assembly tasks in this virtual environment as well. In [23] 
AURICH et al. discussed a VR based CIP-workshop 
(continuous improvement process). Using this approach, 
it is possible to analyze and adapt the factory layout, work 
place design, and material flows in a virtual factory. The 
machine operators in a real factory are able to participate 
in the planning process and adapt the planning result 
further in the physical environment. However, these two 
innovative approaches are still under development. The 
discussed applications are limited in local VR systems 
and are not able to provide collaborative solutions for 
factory planning.  

WAGNER and BLUMENAU developed a digital factory 
approach to integrate planning, simulation, and 
visualization on one platform. Using this platform, the 
product and production planning processes are 
undertaken more efficiently [24]. However, the 
implementation of immersive VR systems has not been 
taken into account.  

FRANCESCO et al. compared the commercial simulation 
and visualization software in the field of manufacturing 
system design and presented an approach to implement 
the ergonomic simulation in VR systems. The comparison 
shows there is no available software for factory planning, 
which supports full VR integration. The ergonomic 
simulation is implemented by using a Power Wall, 
however it is not a fully immersive VR system [25]. 

The literature review shows that the current research 
work focuses on either specified planning jobs or a local 
solution in virtual environment. A comprehensive 
approach is not found. Hence, there is still research 
needed on immersive VR implementation in field of 
factory planning, focusing the collaborative activities. In 
further sections an innovative approach to enable 
planning processes in connected CAVE systems is 
developed and discussed considering existing issues 
during factory planning.  

 

 

 

 

 

 

 

 



 

VR System Classification Advantages Disadvantages 

Display Non-immersive - high resolution 
- viewed by one or more persons 

- small field of view 
- very low immersion 
- only active 3D visualization available 
- only for simple analysis and evaluation 

HMD Semi-immersive - 1:1 visualization available 
- relative high immersion 
- simple implementation 

- small field of view 
- only for one person 
- low resolution 
- limited movement by connection cables 

Power Wall Semi-immersive - viewed by one or more persons  
- active and passive 3D visualization 
available 
- front and rear projection available 

- relative low immersion 
- the field of view and virtual space are 
dependent on projection surface 

CAVE Full immersive - 1:1 visualization  
- viewed by one or more persons 
- wide field of view and virtual space 
- active and passive 3D visualization 
- very high degree of immersion 

- expensive and complex solution 
(equipment, space, people) 
- limited movement inside CAVE 
- only rear projection available 

Table 4: Comparison of four typical VR systems. 

 

3 COLLABORATIVE FACTORY PLANNING IN VR 

3.1 Classification of interaction 

In computer science the term “interaction” is commonly 
understood as action and reaction between human and 
computer systems. As a simple example, the human user 
informs the computer through input devices, e.g. a 
keyboard or a mouse. The computer reacts to this input 
according to its programming, which is perceived by the 
user visually or auditory. The user then reacts and 
renews the input [26]. 

The virtual environment related interaction has been 
discussed by various researchers. The essential question 
is how the user interacts with the virtual environment and 
involved objects. A characterization of various interaction 
tasks in a virtual environment is presented in Bowman 
[27] and evaluated in Bowman et al. [28] by using a highly 
interactive application in VR. Further Bowman et al. 
categorized Human-Computer-Interaction into selection, 
manipulation, and navigation [29]. 

Selection is defined as the capability to choose a single 
object out of a large number of objects. The selection 
emphasizes an object and enables the subsequent 
modification of its status. Manipulation is a general term 
for changing object parameters. This can affect the 
underlying attributes, for example, the geometrical 
appearance. Object positioning and changes in the model 
structure are possible. Further manipulation functions can 
be seen by creating or deleting objects. Navigation in VR 
is dedicated to the change of users’ viewpoints. The 
adaption can be realized by an automatic process which 
adjusts the viewpoint according to the users’ point of view 
(e.g. head-tracking), or adaption can be triggered by the 
intended user input (e.g. discrete input via flystick). 

In addition to the computer science aspect, interaction at 
the human communication level is required to enable 
collaborative activities among factory planning processes. 
Such interaction could be considered as social 
interaction, which is generally defined as an alternating 
exchange of messages between two or more persons 
[30, 31]. It is based on spoken language, facial 
expressions and gestures. This interaction consists of 
actions of a person to which another person can respond 
[30]. Social interaction using distributed VR systems is 
possible, if users share the same virtual environment, so 

that they are able to communicate with each other. They 
can interact as if they were interacting face-to-face [32]. 

In our approach, the interactions between both Human-
Computer and Human-Human are taken into account. In 
order to account for the wide range of interaction forms, 
several interaction types were defined. This will be 
beneficial since different interaction types can be directly 
assigned to specific collaboration methods, which will be 
introduced in section 3.2. Every type consists of a well-
defined set of interaction forms. Each type provides the 
user a unique possibility to collaborate with other users.  

An interaction type consists of several elements. The 
elements are represented by different interaction forms 
(e.g. modification, audio). There are four interaction types 
shown in Figure 1. 

 

Figure 1: Toolbox of interaction types. 

Elements associated with the type ‘Social Interaction’ are 
auditory interaction, visual interaction and textual 
interaction. These interaction forms are especially used 
for Human-Human-Communications in a virtual 
environment. In order to interact, various technologies 
(e.g. the voice or video communication) are implemented. 

The type ‘Navigation’ is the basic task of user in a virtual 
environment which is considered as the movement in or 
around an environment [29]. This type describes the 
viewpoint of a user in the virtual environment. Using the 
first interaction form, users can navigate through the 
virtual environment freely. The height of the viewpoint 
could be fixed, for example, in the walking module. 
Another form of navigation provides a pre-defined 
viewpoint in which the user can only see what they are 
allowed to see by the administrator. The user can also 
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share the current viewpoint of another user, which 
facilitates a more personal view, and they can discuss the 
same object at the same time. During the exploration in a 
virtual environment, the users can either be invisible or 
invisible. The representation of users in VR could be a 
video image or an abstracted human-like shape (avatar). 
Through this presence in VR, this interaction type is then 
strongly related to social interaction. 

The interaction type ‘Annotation’ enables the user to 
highlight objects in a virtual environment. That is 
necessary to select a specific object. Users can also 
create remarks and tag them to involved objects. These 
highlighted objects and remarks can be defined to only be 
visible for the user who made them, or for a specific 
group of users with defined authorization or for all users. 
When one user makes remarks for a specific user-group 
or all users, it is possible for them to discuss the notes 
together. Remarks, which only one user can see, could 
contain information about the changes to be 
accomplished after the collaborative meeting. 

The interaction type ‘Model Manipulation’ defines the 
interaction forms with objects within the model. The users 
are able to modify the virtual environment and its objects, 
create new objects or delete existing ones. This enables 
the user to participate directly in the design process.  

Within this toolbox we provide a set of essential elements 
for interaction activities. Depending on the applications, 
the four defined interaction types are implemented 
separately or in conjunction. A detailed discussion will 
follow below. 

3.2 Facilitating Factory Planning by collaborative 
methods 

The need to support the central planning phases of the 
factory planning process by collaborative measures is 
well known. Distance collaboration is a suitable approach 
due to the ability to handle the key characteristics of 
spatially diverse but synchronous activities. Immersive 
VR offers additional beneficial visualization capabilities for 
factory planners. Unfortunately, current digital 
collaboration tools are not able to exploit the full potential 
they might offer. There is still a gap between the paper 
based methodological supported planning process and 
the assistance granted by digital tools. To close this gap, 
we analyzed the central planning phases revealed actual 
collaboration demands. For our systematic approach, 
they can be assigned to three central collaboration 
methods in the realm of factory planning. 

 Collaborative Meeting 

 Collaborative Visualization 

 Collaborative Design 

These three central collaboration methods are mandatory 
within the industrial factory planning process. Due to the 
fact that for each collaboration method, other interaction 
types are needed, they are highly recommended to serve 
as basic modules in this concept. 

Collaborative Meeting in the scope of factory planning 
describes a working method in which the personal 
communication is the key element. Despite the spatial 
distribution, it is comparable to a co-located, non-virtual 
meeting. This method is directly linked to the decision 
making objective and fosters not only the exchange of 
conceptual but also administrative tasks. 

Collaborative Visualization is a working method focused 
on the illustration of temporary and finalized project 
results. Our objective is to introduce planning states to 
other project participants and to provide a comprehensive 
view and alternatives. The exchange of ideas is the 

fundamental concept of this method. We will realize this 
by a joint, but distinct, visualization of digital models. 

Collaborative Design instead is oriented on the 
cooperative creation and manipulation of digital models. 
In addition to the pure visualization of planning stages, it 
is a co-creative method which enables the active 
contribution of all participants. As the inclusion of virtual 
models is crucial, means to provide efficient handling of 
them is imperative. 

After presenting our defined interaction classes and 
collaboration methods, in the following paragraph we 
describe the correlation between them. 

3.3 Correlation between collaboration and 
interaction 

By describing interaction and collaboration as clearly 
separated types and methods an investigation of their 
relationships is possible. Our objective is to create a well-
defined set of interaction types for each collaboration 
method. 

For collaborative methods we identified ‘Social 
Interaction’ as a key factor for all of them. Hence special 
attention must be paid to the social interaction types. It 
must not be neglected for any working method. 
Nevertheless other interaction types must still be taken 
into account to support each collaborative method in a 
proper way. To ensure sufficient support and a clear 
allocation between interaction types and collaborative 
methods, distinctions on the element-level were made. 
Collaborative Meeting, for instance, is the method which 
needs the most comprehensive inclusion of the ‘Social 
Interaction’. Conversely, Collaborative Visualization and 
Collaborative Design are based on the interaction with the 
digital model itself. Therefore, interaction types dealing 
with Human-Computer-Interaction are highly 
recommended. In Table 5 the mapping between 
collaborative methods and interaction types are provided 
in detail. 

 

Table 5: correlations between collaboration methods and 
interaction types. 

Collaborative Meeting is described above as extremely 
focused on social exchange. Therefore the ‘Social 
Interaction’ type should be a high configuration level. This 
richness of media can be provided by covering a wide 
range of communication channels like audio, visual and 
textual. Any further interaction type is not mandatory for 
this collaboration method. The interaction types needed 
for this purpose are shown in Table 5. 
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Collaborative Visualization in the realm of factory 
planning is described as an introductory method for the 
digital model. Hence, interaction types dealing with the 
investigation of 3D models must be considered. The 
minimum requirement is the guided variation of the users’ 
viewpoint to have multiple impressions of the model. The 
‘Annotation’ type will further provide the capability to 
highlight a model component or to focus the attention on 
a specific feature. Social exchange, although it is not the 
focus of this method, will be needed to explain model 
characteristics. 

Collaborative Design is the method dedicated most to the 
digital model. This method requests a maximum number 
of degrees of freedom to the user in order to solve 
problems in a creative way. We formulated requirements 
to all interaction types to create and adapt a virtual factory 
model. ‘Social Interaction’ type elements for problem 
discussion are provided. An audio channel and a visual 
image of the project participants are essential to describe 
problems in a swift way. The ‘Navigation’ must be set in a 
flexible manner for the participants to allow a self-
determined and flexible perspective on the model. 
‘Annotations’ to indicate change requests and to note 
remarks on the digital model are provided. The interaction 
type ‘Model Manipulation’ is mandatory for this method. 
This enables the co-creative modification and creation of 
digital models which is the focus of the Collaborative 
Design. To summarize, the interaction types shown in 
Table 5 are assigned to Collaborative Design. 

By allocating collaborative methods and interaction types, 
we defined the minimum set of interaction types needed 
to support each collaborative method. This will lead to 
collaborative methods which will fulfill the requirements of 
the use case. Each set of interaction type is thereby a 
minimum configuration of what is necessary to foster the 
collaborative factory planning. 

Based on these underlying conditions the development of 
a digital collaboration platform will provide a tool which is 
fully embedded in the factory planning process. The 
platform will satisfy the demands of the central 
collaboration methods and close the gap between the 
traditional factory planning process and the distance 
collaboration tools. 

 
4 IMPLEMENTATION OF A COLLABORATIVE 

PLATFORM 

After showing the correlation between interaction types 
and collaborative methods, we give an outlook on the 
implementation of a Collaborative Platform. Specifications 
concerning requirements for the network and data 
transmission are highlighted, especially in regard of a 
distributed collaboration. 

The interaction types and collaboration methods can be 
operated by every user within the VR. If they are used 
synchronously, a conflict of accessing the objects can 
occur. A coordinated model access must be guaranteed 
to avoid competing processes, which could lead to a 
conflict in the system. The result would be an 
inconsistency in the model. The coordination has to be 
implemented on an abstract level, so that every 
subsystem has a granted access control to avoid 
competing processes before they arise. This will minimize 
the chance for inconsistencies within the models. 
Additionally, specifications for data transmission and 
network requirements must be formulated. To facilitate 
cooperation between two systems, any required and any 
available product and process data in digital form has to 
be provided to users. During a synchronous session, 
changes of model data have to be synchronized and 

adjusted. However, specifications for mechanisms for an 
access control and data transmission are not part of this 
paper. Following is a proposal of the planned 
implementation tool, and collaboration levels are given.  

 

Figure 2: Levels of the Collaborative Platform. 

A Collaborative Platform will be built upon VRUI. VRUI is 
a development toolkit for VR applications written in C++. 
Since it was developed to support highly interactive and 
high-performance VR applications, it is possible to realize 
a comprehensive approach with VRUI. In comparison to 
the previously introduced collaborative tools and 
implementations, VRUI has multiple advantages in regard 
of manufacturing system design and factory planning 
tasks. It can be used on a non-stereoscopic PC desktop 
as well as on any other rendering VR environment. 
Specific planning jobs can be managed without 



neglecting other processes in different virtual 
environments. Another benefit is the abstraction of input 
devices. A change of display systems is often 
accompanied with a change of the input device. Most VR 
applications do not support various input devices since 
they are written for a certain set of devices. By 
implementing a Collaborative Platform with VRUI, the 
user can change or implement his input devices to match 
the respective systems during the different planning 
phases. The major advantage of collaboration can be 
seen in the abstraction of distribution which supports the 
linking of several spatially distributed VR systems [33, 
34]. 

Our introduced approach aims to be functional on three 
different implementation levels. The initial starting point 
for the Collaboration Platform consists of two users and 
their systems, spatially separated, using the same VR 
application build on VRUI. On the first level of 
implementation, both users store the complete data set 
for the model visualization and interaction on their 
systems. They are able to work individually with the 
model, or they can choose to collaborate. In order to 
guarantee collision-free interaction, only one user at the 
time has the right to interact with the model. They are in a 
master-slave relation. One user (master) interacts with 
the model while the other user (slave) is in follow-mode. 
In follow-mode a user perceives the environment from the 
other user’s viewpoint, who is interacting with the model 
at this time. On the second level of implementation, the 
users do not need to store the model data on their 
systems to interact with the model. This level is needed to 
keep an intended information asymmetry (e.g. to protect 
expert knowledge for competitive advantages or because 
of specific compliance regulations). In this case only one 
user (master) would own the complete model data. If he 
interacts with the model, only the model changes will be 
transmitted. The rights of interaction and the processing 
of interaction stay on his side of the relationship. Different 
from the first level, the slave will not be forced into a 
follow-mode. He can navigate through the environment 
parallel to the master’s interaction. The master can hand 
over the rights to interact. In this case all the changes will 
be still processed at the master’s system side, and the 
changed model states can be seen by the slave. On the 
third level the option of handling multiple models will be 
enabled. Every user will be able to interact with its own 
model and additionally with the model of his collaboration 
partner. The information asymmetry will still exist. User 
rights for working on the same model need to be 
distributed by the Collaboration Platform. 

5 CONCLUSION 

This paper focuses on our approach of a distance 
Collaborative Platform for factory planning using VR. 
Current collaborative methods and tools cannot take full 
advantage of immersive systems to support factory 
planning. Therefore, we provided a comprehensive 
approach towards a collaborative factory planning. The 
categorization of interaction types and the allocation of 
collaboration methods are necessary pillars to support a 
Collaborative Platform. Based on the toolbox of 
interaction types, we build up three configuration levels 
for the collaborative platform. They differ through involved 
interaction capabilities. Due to the increasing complexity 
of the three system configurations, the implementation 
effort begins from a low level. A use case will be 
established to illustrate the benefit of different interaction 
types during factory planning. Therefore a software 
application will be implemented. 
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