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Abstract

Today, rather than provide parts similar to their competitors and rely on one or two 
automakers, successful automotive component suppliers focus heavily on innovation and 
collaboration with several manufacturers in a global market. In this thesis, an as-is 
scenario for automotive winter testing is presented. A plausible to-be scenario framed by 
a Functional Product Innovation (FPI) vision is discussed.  This vision places an 
emphasis on additional knowledge and information in early design phases, such as the 
importance of understanding the actual use of the product and the environment where 
it is going to be used since these aspects need to be designed into the final product. Life 
cycle perspective and close cross-company collaboration in the design and development 
of products constitutes a basis for realizing FPI. A simulation-driven approach during 
the early phases to support product development decisions, by the same token, try out 
those solutions in numerous of what-if business scenarios, is also included in the vision. 
A concept enabling distributed vehicle testing is suggested with an emphasis on vehicle 
dynamics simulation and visualization. The main benefit of this concept is that different 
disciplines involved in the product development process can use the system to enhance 
the concurrency between activities. Control system engineers and mechanical engineers 
can view ongoing tests in real-time and change designs, and efficiently re-simulate and 
influence ongoing tests in a distributed manner. The use of dynamic simulation software 
during the test in real-time will give more information of the vehicle’s behavior and 
feed the visualization application with the data needed to render the moving vehicle in 
a 3D environment. By using visualization aids, engineers can simultaneously see the 
behavior of the vehicle and regular data presented in graphs or tables, and thus perceive 
more information from the test. A Java based visualization application presents the test 
results in a rich 3D environment, thus enabling non-experts to understand the dynamic 
behavior of complex vehicle systems. This application will contribute to an enhanced 
validation of the vehicle and the ability to collaborate in a distributed real-time virtual 
environment. By supporting test procedures with real-time simulations and in particular 
3D visualization, how the tests are conducted radically changes. The approach supports 
decision-making to become a more concurrent activity, as well as facilitating and 
enabling distributed collaborative work. Furthermore, the approach increases the 
opportunity to extract rich information of the vehicle and its systems, which provides a 
good basis for well-informed decisions. 

Keywords 
Distributed Engineering, Vehicle dynamic simulation, collaborative environment, 
Distributed visualization, Decision support, Functional Product Innovation. 
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Thesis

This thesis comprises an introductory part and the following appended papers: 
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Distributed Real-time Vehicle Validation, Mikael Nybacka, Tobias Larsson, Mathias Johanson, 
and Peter Törlind, 2006. Proceedings of ASME 2006 International Design Engineering 
Technical Conferences & Computers and Information in Engineering Conference, 
September 10 – 13, 2006, Philadelphia, USA. 

The work in paper A is based on a workshop with Mathias Johanson, Peter Törlind 
and I, where my contribution is the framework for Distributed Real-time Vehicle 
Validation. Johanson and Törlind helped during the workshop and Larsson contributed 
in discussions. Paper A is also based on past work by, Tobias Larsson, Peter Törlind and 
Mathias Johanson, respectively.  

Paper B
Vehicle Validation Visualization, Mikael Nybacka, Tomas Karlsson, Tobias Larsson, 2006. 
Proceedings of Virtual Concept 2006, November 26 – December 1, 2006, Playa Del 
Carmen, Mexico.  

Paper B continues the work done in Paper A and the workshop, where I and Tomas 
Karlsson are responsible for most of the work and Tobias Larsson contributed in the 
discussions. 

Paper C
Collaboration in automotive winter testing - Real-time simulations boosting innovation 
opportunities, Mikael Nybacka, Tobias Larsson, Åsa Ericson. Submitted to 2nd IFIP 
Working Conference on Computer Aided Innovation, October 10, 2007, Brighton, 
USA.

In paper C, the previous work is put in a frame of a Functional Product Innovation. This 
paper is a joint effort by me and Ericson, where Larsson contributed beyond his 
responsibilities of being supervisor.   

Related publications 
The following paper is related to the thesis but not included: 

Using Multi-body Simulation to design reliable embedded software – Evaluation and discussion of 
work method, Johan Eriksson, Mikael Nybacka, Per Lindgren, Tobias Larsson. Accepted 
for SAE 14th Asia Pacific Automotive Engineering Conference, August 7, 2007, 
Hollywood, California, USA. 
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1 Introduction 
This first chapter presents the background, vision and objectives for this work seen from a 
distributed vehicle testing perspective. The chapter is intended as a background view of the vehicle 
winter testing but also the automotive industry in general. The structure of this thesis is also 
presented.  

1.1 Background 
The winter testing season in northern Sweden is from November and until March, 

where temperatures in the range of -40 degrees Celsius are common in some lower 
areas [1]. The natural asset - cold weather - is considered possibile and has become a 
backbone in the business concepts of many companies and in particular services for 
automotive winter testing. The four municipalities of Jokkmokk, Arvidsjaur, Arjeplog 
and Älvsbyn constitute a vast region where collaboration is important to support the 
automotive testing industry [2]. The collaborative effort takes place in terms of 
providing overall services regarding, e.g. logistics, accommodation, food and leisure 
activities. Within this region, a number of automotive winter test service companies are 
established. The area is sparsely populated, but this has also turned into a potential to 
provide added value to the testing industry. Besides many kilometers of low traffic 
public roads and ice tracks on natural lakes, there are huge proving grounds especially 
designed for the automotive winter testing of cars and components [e.g. 1, 3, 4].  

In this setting, the service of automotive testing entrepreneurs are vital to the 
collaborative efforts in the design and development of cars, e.g. automotive 
manufacturer and suppliers. General Motors and Fiat [4] are examples of automotive 
manufacturers, i.e. Original Equipment Manufacturer (OEM). Suppliers (Tier 1 
suppliers), in this case, usually provide main parts, i.e. they in turn purchase components 
from part makers. Examples of main part providers are Haldex [4], Knorr-Bremse [3], 
TRW Automotive [5], Bosch and BMW with their own test facilities in northern 
Sweden. Automotive manufacturers in the United States are reducing the number of 
suppliers to compensate for lower market share. For example, Ford is halving the 
number of suppliers that they buy seats and wiring from [6]. Furthermore, Ford has 
identified 43 suppliers for close collaboration, 13 of which have been contracted on a 
long-term basis or when contracts already exist, these have been extended over many 
years [7]. This closer collaboration might be an incitement to invest in technologies for 
knowledge sharing. Additional knowledge might support innovations. Today, instead of 
providing parts similar to their competitors and relying on one or two automakers, 
successful suppliers focus heavily on innovation and on collaboration with a number of 
manufacturers in a global market, [6].  
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In recent years, the performance of cars has become increasingly dependent on 
complex electronic systems used especially for safety, as well as comfort, performance 
and informatics. Automotive winter testing activities in northern Sweden is vital to test 
and try out these systems. Contrary to increased performance, faulty software causes 30 
% of severe malfunctions in the functionality of the car [8, p. vii]. The amount of 
software in a modern premium car is about 100 megabytes of binary code. The 
estimated amount for the next generation of upper class vehicles around the year 2012 
is up to one gigabyte of software [9]. To deal with the problems of faulty software and 
the increased software in vehicles, as early as possible in the design process, innovative 
methods to cope with digital abstraction and the physical world in a unified manner 
seem promising [8, p. vii]. One useful approach in automotive winter testing might be 
to support possible real-time vehicle simulations of the car in motion. 

The outsourcing of the development of components and systems to subcontractors 
by manufacturers is a clear trend in the automotive industry. Consequently, the overall 
quality of the finished product will depend on how well automotive companies and 
subcontractors work together in product development processes. When a lack of 
harmonization not only occurs between subcontractors and the automotive company, 
but also between different development departments at the manufacturer, expensive 
errors are caused in the final product. Therefore, methods and tools that are easy to work 
with and are applicable to industry have to be developed to support the whole 
development process [10, 11]. 

A framework for a plausible to-be scenario in vehicle testing exists within a 
Functional Product Innovation (FPI) vision. The vision is a joint academic and 
industrial construct to capture the widening view among manufacturing companies, 
from focusing mainly on the physical artifact to also entail product development where 
the performance of the physical product is provided as a service. The goal is to consider 
cross-company knowledge domains of engineering, business and production in the 
design phases. This vision places an emphasis on additional knowledge and information 
during early design phases, such as the importance of understanding the actual use of 
the product and the environment where it is going to be used, since these aspects need 
to be designed into the final product. A life cycle perspective and close cross-company 
collaboration in the design and development of products constitute a basis to realize 
FPI. The collaborative efforts and widening views are regarded as a facilitator for 
innovations to develop. Furthermore, a simulation-driven approach in the early phases 
to support decisions in product development, by the same token, try out those solutions 
in numerous of what-if business scenarios, is also included in the vision. 

By using a wireless local area network (WLAN) at the test tracks, live measurement 
data can be sent from vehicles at the test track back to the development site of the 
manufacturer for analysis and visualization, in real-time if desired. Having the possibility 
to share and view data in real-time from the test track will significantly reduce costs and 
lead-times for vehicle manufacturers. Törlind et al. [12] describes a technological 
framework by which car manufacturers and suppliers in northern Sweden can transmit 
data in real-time from test vehicles to development facilities worldwide. 
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1.2 Vision
The vision of this work is to create, test and evaluate a framework for distributed 

vehicle testing, where software for vehicle dynamic simulation is used in the framework 
during automotive winter testing to gather data from the test that is hard to measure. 
The framework combines several sources of information and present all information in 
one place, e.g. a web base collaboration portal which can be accessed from several sites 
at the same time. Users absent from the test can follow the test session and interact with 
the test driver and crew at the test site. 

1.3 Objectives 
The objectives of this work are to study testing methods to highlight how software 

for vehicle dynamic simulation can be used to enhance the testing activities, 
collaboration and procedure. Case studies should be performed in real life settings with 
the developed and proposed framework for distributed vehicle testing. 

1.4 Structure of the licentiate thesis for the reader 
This chapter intends to provide a background for this thesis. The vision and 

objectives which have guided my efforts is also presented here. All in all, my intentions 
are to set the scenery for automotive testing procedures. 

Chapter two will present the research design of this work, i.e. how my research has 
been conducted and in what environment the research was performed. This chapter will 
also present what type of research methods that is of interest in future work. 

Chapter three presents the work process and technology-oriented knowledge areas. 
Chapter four summarizes the appended papers and introduces chapter five. 
Chapter five is a summary of the main findings in this work. 
Chapter six presents the conclusions of this research and the academic and industrial 

contributions. 
Chapter seven presents the future work of the research project in this thesis. 

Figures in this thesis use a similar numbering as the chapter or section containing the 
figure.  



Mikael Nybacka, Distributed Vehicle Testing - Dynamic simulation for automotive winter testing 

4

2 Research Design 
The following chapter contains the research question, theory, approach and environment of the 
research project described in this licentiate thesis.  

2.1 Research Question 
This research started with an initial research question, 
“How can the validation work be less time consuming, more effective and cheaper with the use 

of Simulation Driven Design and Distributed Collaborative Work?” 
However, this research question was too widespread and not as specific as desired. 

Also the exploratory approach of the research resulted in the new formulation of the 
research question below. 

How can real-time vehicle dynamic simulation and use of real-time visualization support 
vehicle testing and how will this affect vehicle testing? 

2.2 Research Theory 
This section will describe part of the theory about research that is of interest in this 

thesis.

2.2.1 Type of research 
The types of research fields related to this research are: 

Applied research  
Exploratory research  
Qualitative and Quantitative research  
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Figure 2.2.1. Different types of research. [13] 

According to Kumar et al. [13, p. 8-10], these fields can be described as: 
Applied research, “…the research techniques, procedures, and methods that form the body of 

research methodology are applied to the collection of information about various aspects of a 
situation, issue, problem or phenomenon so that information gathered can be used in other ways – 
such as for policy formulation, administration, and the enhancement of understanding of a 
phenomenon.” 

Exploratory research, “This is carried out to investigate the possibilities of undertaking a 
particular research study. This type of research is also called a ‘feasibility study’ or a ‘pilot study’.” 

Qualitative research, “…the study is primarily to describe a situation, phenomenon, problem 
or event; the information is gathered through the use of variables measured on nominal or ordinal 
scales (qualitative measurement scales).” 

Quantitative research, “…if information is gathered using predominantly quantitative 
variables, and if the analysis is geared to ascertain the magnitude of the variation, the study is 
classified as a quantitative study.”

These four fields reflect the authors’ fields of research. From Kumar’s explanation of 
Applied research, the text similar to this research is the “collection of information” and 
“used in other ways”. This can be seen as a reference study and continuation of work 
done by others. Exploratory research is of interest, since the author had limited 
knowledge of automotive winter testing at the start of the research, and hence, an 
exploratory view. Because the author studies both work processes and more measurable 
areas of vehicle dynamics, both Qualitative and Quantitative approaches of gathering 
and applying information are used. 

2.2.2 Case Based Reasoning 
According to Watson et al. [14], Case Based Reasoning (CBR) can be described with 

the four steps Retrieve, Reuse, Revise and Retain. You retrieve similar cases to the problem 
description. You reuse a solution suggested by a similar case. You revise or adapt that 
solution to better fit the new problem, if necessary. You retain the new solution once it 
has been confirmed or validated; this is the iterative step where you redesign your 
solution and start over with the reuse step.  

For CBR to resemble the work of the author, the following can be explained about 
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each step. The retrieve step in the case of this research is the reference study. The reuse step 
is the continuation of the work conducted by Larsson and Törlind et al. [4] [5]. Revise is 
the use of dynamic simulation software and Java visualization in the new framework that 
builds upon the work described by Törlind [5]. Retain can be seen in this work as testing 
the prototypes. Because the literature study recurs throughout the research the iterative 
or cyclic step should also contain the Retrieve part, see Figure 2.3, to better describe the 
author’s approach. However, Watson explains the iterative step as Reuse-Revise-Retain.

2.2.3 Case Study Research 
As explained by Yin et al. [15, p. 1], “In general, case studies are the preferred strategy when 

“how” or “why” questions are being posed, when the investigator has little control over events, and 
when the focus is on a contemporary phenomenon within some real-life context.”

This methodology is of interest when testing the framework presented in this 
research and evaluating it in a real-life setting. As well, study visits to test facilities to 
monitor the current test procedure will also make use of Case Study Research.  

Regarding Case Study Research, the author uses hypothetical case or scenario 
descriptions as guides during the research, see sections 5.3.2 and 5.3.3. 

2.2.4 Action Research 
As explained by Stringer et al. [16], 

Traditional research projects are complete when a report has been written and presented to 
the contracting agency or published in an academic journal. Community-based action research 
can have these purely academic outcomes and may provide the basis for rich and profound 
theorizing and basic knowledge production, but its primary purpose is as a practical tool for 
solving problems experienced by people in their professional, community or private lives. If an 
action research project does not “make a difference”, in a specific way, for practitioners and/or 
their clients, then it has failed to achieve its objectives. 

Stringer further explains that action research can be seen as an iterating spiral of a 
routine, look-think-act. These can be explained as [16]: 

Look
Gather relevant information  
Build a picture: Describe the situation 

Think
Explore and analyze: What is happening here? 
Interpret and explain: How/Why are things as they are? 

Act
Plan
Implement
Evaluate 

   The work in this thesis moves between gathering information by a reference study or 
studying how people work and implementing/evaluating the results; hence, the spiral 
look-think-act, which is similar to the CBR steps, is in the work of the author. Due to the 
participative approach in this research, the study can also be described as related to 
action research [16].  
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2.3 Research track 
Figure 2.3 shows the track of the research in this thesis, which is overall sequential, 

though the learning process in each step is cyclic. The cycle can be described as Retrieve,
Reuse, Revise and Retain, Watson et al. [14] according to the Case Based Reasoning 
scheme, which is similar to the look-think-act by Stringer et al. [16]. 

The author attempted the initial idea presented below and created a prototype that 
could be used as a platform for discussion as early as possible. 

The initial idea for the research was to use dynamic simulation software within a 
framework for distributed vehicle validation, and conduct a reference as well as perform 
a workshop with a local Java 3D engine developer. This resulted in a prototype 
framework and a first visualization application presented in paper A. 

After paper A, another Retrieve-Reuse-Revise-Retain cycle was done to refine the 
visualization application and describe how it could be used in a future vehicle testing 
setting. This resulted in paper B. 

Another Retrieve-Reuse-Revise-Retain cycle was done when creating a web based 
survey about the vehicle winter testing in northern Sweden, along with concurrent 
collaboration with other researchers in CASTT. This resulted in a related paper and 
paper C. 

Figure 2.3. The research track of the author. 
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2.4 Research environment 
This research project is within the Center for Automotive System Technology and 

Testing (CASTT) [17] at Luleå University of Technology. The aim of CASTT is to first 
of all support automotive winter testing in Northern Sweden, i.e. support the local 
automotive test entrepreneurs and their customers - the automotive manufacturers and 
their suppliers. To succeed in this task, the center relies on Luleå University of 
Technology’s areas of leading research and, most importantly, on the cooperation 
between them. 

The research project introduced in this thesis is called Distributed Validation of multi-
body dynamics and control systems for automotive applications (CASTT1), and is conducted 
with cooperation between several CASTT projects, namely; Reactive Programming of 
Event-Driven Automotive Systems (CASTT2), Flexible collaboration tools for distributed 
engineering in automotive winter testing (CASTT3) and Road Scanning, Vehicle Simulation and 
Navigation (CASTT4).

CASTT2 This cooperation is important because it can directly study how the 
framework developed in (CASTT1) will help in developing the 
embedded software developed using the Timber programming language 
in (CASTT2). 

CASTT3 This project and (CASTT1) both work in the area of Distributed 
Collaborative Engineering (DCE) and is therefore, naturally, a close 
cooperation.

CASTT4 This project is also of interest (CASTT1), since the road profile and 
unevenness must be considered to simulate the vehicle as close to reality 
as possible. 

Within CASTT, researchers get access to valuable information from local test 
entrepreneurs through seminars, workshops and meetings. Case studies from other 
research projects in the center are shared amongst the research projects in the center; 
hence, some information for this research is gathered through CASTT. 
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3 Knowledge Areas 
This chapter will give the reader an overview of the knowledge areas in this thesis. This chapter will 
serve as a map for the reader to understand in what areas this research contributes. 

3.1 Work process oriented 
With work process oriented means the areas where processes is studied or explained, 

in this case Product Development and Computer Supported Cooperative Work. 

3.1.1 Product Development 
Ulrich and Eppinger et al. [18] define product development as “…the set of activities 

beginning with the perception of a market opportunity and ending in the production, sale and 
delivery of a product.” 

The part of product development of interest in this thesis is the development of 
electronic systems and software in the automotive industry. The product development 
model commonly used by the automotive industry is V-model specified by VDI as a 
guideline VDI 2206 [19]. Figure 3.1.1 shows an overview of the V-process for the 
development of electronic systems and software.  
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Figure 3.1.1. V-model for the development of electronic systems and software. [8] 

Shäuffele et al. [8, p. 29], explain the difficulties of the development process, 

Often at the start of development, user requirements are not fully understood and are 
updated as development work progresses. For this reason, specifications initially tend to reflect 
merely a rough idea of the system; the definition of details occurs gradually. During system 
integration, component-related delays result in delays of the integration process and of all 
subsequent steps. Whenever software development tasks are handled by different companies, the 
execution of integration and test steps for a given component frequently is limited by the 
unavailability of related components or by outdated versions of related components. For these 
reasons, the reality of development is characterized by incremental and iterative procedures, 
forcing developers to repeat some steps or even all steps of the entire V-model many times. 

The repeated steps quoted above can be seen in scientific papers from automotive 
companies that present their V-model; the repeated steps are displayed as horizontal 
connections between left and right blocks in the V-model. These repeating steps can be 
very costly considering that a system test fault can result in re-specification and a new 
analysis of user requirements. 

In this thesis, the author presents a framework that will help engineers of vehicle 
manufacturers (OEM) and suppliers (Tier 1) collaborate during the latter part of the V-
model process and thereby help to reduce the costs of the repeated steps in 
development. 

Functional Product Development
A difficulty for automotive manufacturers and suppliers when developing electronic 

systems and software is the number of actors involved in the development process. 
Figures 3.1.2a and 3.1.2b shows relationships between automotive manufacturer and 
suppliers during the development process. The automotive manufacturer can have many 
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suppliers involved in the product development process. From these figures the 
automotive industry is not far from a Functional Product Development (FPD)[20] 
focus, since suppliers sell their products as functions to the vehicle manufacturer.  

Figure 3.1.2a. Automotive customer/supplier relationships. [8] 

Figure 3.1.2b. Distribution of responsibilities between the vehicle manufacturer and supplier. [8] 
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3.1.2 Computer Supported Cooperative Work 
Computer Supported Cooperative Work (CSCW) is explained by Greenberg et al. 

[21] as,  

The scientific discipline that motivates and validates groupware design. It is the study and 
theory of how people work together, and how the computer related technologies affect group 
behavior. CSCW is an umbrella collecting researchers from a variety of specializations – 
computer science, cognitive science, psychology, sociology, anthropology, ethnography, 
management, management information systems – each contributing a different perspective and 
methodology for acquiring knowledge of groups and for suggesting how the group’s work could 
be supported.  

Where groupware is software that supports and augments group work. Groupware in 
this thesis is the simulation framework with the visualization application discussed in 
chapter 5.2.2, seen as work-oriented groupware that is designed for a specific work area, 
e.g. distributed vehicle testing. This thesis is part of the scope of CSCW, since it discusses 
how groups of people can work in a distributed vehicle validation setting with the 
support of work-oriented groupware. 

3.2 Technology oriented 

3.2.1 Vehicle dynamic simulation 
For the last 20 years, automotive manufacturers have used multi-body simulation 

(MBS) tools in virtual product development (VPD) to not only understand how the 
product will perform, but also the different phenomena that can arise. The use of MBS 
with other software components will give an effective tool for solving complex and 
multi-disciplinary problems [22] [23]. MBS is used to simulate rigid bodies, movement, 
forces, etc., when connected to different joints or force elements like springs and 
dampers.  

The interesting aspects of testing in this research are vehicle dynamics behavior and 
how this process can be improved by use in a distributed vehicle validation setting. 

Numerous Multi-body System analysis (MBS) software is used for vehicle dynamic 
analyses, Hardware-In-the-Loop (HIL) and Software-In-the-Loop (SIL). More 
specialized MBS software for simulation of vehicle dynamics are listed below: 

VI-Car RealTime, from VI-Grade [24] 
CarSim™, from Mechanical Simulation Corporation [25] 
CarMaker®, from IPG Automotive [26] 
DYNAware, from Tesis Group [27] 
ASM, from dSPACE [28] 
VDMS with MATLAB®/Simulink®, from Milliken Research Associates and 
Mathworks [29] 
Etc. 

All of the software is applicable when performing co-simulations and when vehicle 
dynamics are needed in the simulation loop. Simulations during product development 
and validation processes have to be used more and more efficiently. Simulation software 
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enabling real-time performance is constantly evolving. Due to the increasing speed of 
solvers for dynamic vehicle simulation it is possible to simulate the dynamics with 
smaller step sizes, which will then increase the accuracy of the SIL and HIL simulations. 
Using SIL and HIL will significantly speed up the development process for embedded 
software, since testing can be carried out in a real-life like setting prior to vehicle 
prototype production. Numerous scientific articles explain the use of HIL and SIL in 
the automotive industry, e.g. [30] [31], though none of the articles read by the author 
present a distributed simulation approach with an actual vehicle in the loop. 

The work of this thesis began with the use of MSC.ADAMS/Car from MSC 
software [32], since the author knew this software from the master’s thesis work. To 
simulate a full vehicle with real-time performance the vehicle dynamic simulation 
software VI-Car RealTime from VI-Grade [24] was used. The VI-Car RealTime 
software will be changed to CarSim from Mechanical Simulation Corporation [25] to 
show that different dynamic simulation software can be used in the proposed framework 
of this thesis.  

3.2.2 Visualization
Visualization falls into the scope of CSCW, since it is part of the framework and can 

thus be seen as work-oriented groupware. 
Visualization of measurement data or simulation data can be performed with 

different programming languages, though in this work the author decided to work with 
Java™ [33] as the programming language to visualize simulation data in a virtual 
environment and measurement data. This section gives a brief overview of Java and 
specific Java code for 3D rendering called AgentFX™ [34]. The use of Java in this thesis 
is further explained in chapter 5.2.2. 

In all ways - creating the programs, working in teams, building user interfaces to 
communicate with the user, running the programs on different types of machines, and easily 
writing programs that communicate across the Internet – Java increases the communication 
bandwidth between people. I think that the results of the communication revolution may not 
be seen from the effects of moving large quantities of bits around. We shall see the true 
revolution because we will all communicate with each other more easily: one-on-one, but also 
in groups and as a planet. I’ve heard it suggested that the next revolution is the formation of 
a kind of global mind that results from enough people and enough interconnectedness. Java 
may or may not be the tool that foments that revolution, but at least the possibility has made 
me feel like I’m doing something meaningful by attempting to teach the language. Bruce 
Eckel et al. [35]. 

With advanced 3D engines, such as AgentFX, Java is a very good choice when 
creating server-client solutions. Due to the platform independence of Java, an 
application can be executed on any computer regardless of operating system and CPU. 
Java also provides manage memory architecture, rendering the development phase less 
error prone. It is possible with the use of Java to web distribute a complete application 
through the use of Webstart [36]. With Webstart, a complete Java application can be 
hosted on a secure web server. To access the application the user logs-on to a secure web 
server via a regular web browser. To start the application the user clicks on a link to the 
application that is automatically downloaded and cached on the client. The process of 
web distributing removes the need to install a certain application on every client, and 
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enables inviting external users ad-hoc. By removing the regular save (save as command 
for local storage) and replacing it with automatic persistence to a back end server, a user 
can access his or her current workbench anywhere in the world regardless of computer. 

Over the last decade, the graphics market has seen an explosion in floating-point 
operations per second (FLOPS). The market is driven by an ever-increasing demand of 
realistic environments in the entertainment industry, where visual quality requirements 
exceeding what was once only available in blockbuster movies are now common in 
modern 3D games. Standard PC has replaced the workstation for real-time 3D content. 
Today, triangles are the de-facto rendering real-time graphics primitive, as opposed to 
complex surfaces such as NURBS. Luckily, most modern Digital Content Creation 
(DCC) tools, such as Autodesk Maya [38], support ways to take CAD models like STEP 
files and convert them to triangle models for more suitable real-time purposes. With the 
introduction of programmable Graphics Processing Unit (GPU) hardware it is now 
possible to create lifelike, realistic surfaces. The use of advanced rendering techniques 
can be used to introduce the visual clues often needed to determine distance, material 
properties, etc. 

Mintzberg and Westley [37] write, “…As Mozart said, the best part of creating a 
symphony was being able to see the whole of it in a single glance in my mind” (p.90). A ‘seeing 
first’ approach [37] is vital in an innovation process and visualization is an underpinning 
idea presenting the simulation result. 

There are developed visualization applications for vehicle dynamics, such as 
DYNAanimation et al. [27], though these are not suitable in a Distributed Collaborative 
Engineering (DCE) setting where the application needs to be reached via the Internet. 



Mikael Nybacka, Distributed Vehicle Testing - Dynamic simulation for automotive winter testing 

15

4 Summary of Appended Papers 
The following chapter summarizes the three appended papers and serves as an introduction to 
chapter five. 

4.1 Paper A 
Distributed Real-time Vehicle Validation, Mikael Nybacka, Tobias Larsson, Mathias 
Johansson, and Peter Törlind, 2006. Proceedings of ASME 2006 International Design 
Engineering Technical Conferences & Computers and Information in Engineering 
Conference, September 10 – 13, 2006, Philadelphia, USA. 

4.1.1 Summary 
This paper presents a concept for distributed testing and verification of vehicles in 

real-time, with the aim of improving testing and verification efficiency. Through a novel 
combination of software tools for distributed collaborative engineering, real-time 
simulation, visualization, and black box simulation, the realized system permits vehicle 
manufacturers and their subcontractors to work more concurrently and efficiently with 
testing and validation. An early implementation of a system prototype is described and 
future development plans for the system are presented. The main software components 
used to build up the system are VI-Car RealTime, Matlab/Simulink and a Java-based 
real-time visualization module using Java based 3D engine originally developed for the 
gaming industry.  

4.1.2 Relation in thesis 
The aim of this paper is to present the framework for distributed real-time vehicle 

validation and the continuation of previous work done in this area.   

4.2 Paper B 
Vehicle Validation Visualization, Mikael Nybacka, Tomas Karlsson, Tobias Larsson, 2006. 
Proceedings of Virtual Concept 2006, November 26 – December 1, 2006, Playa Del 
Carmen, Mexico.  

4.2.1 Summary 
The approach of this paper is to create a distributed real-time visualization 

application as a tool for vehicle tests. The idea is to create a work-oriented application 
for automotive testing, where engineers can work in a distributed environment. The 
processed data from the simulation can be distributed to multiple web-based 
visualization clients.  
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4.2.2 Relation in thesis 
The aim of this paper is to further explain the visualization of vehicle and simulation 

data in the framework presented in paper A.  

4.3 Paper C 
Collaboration in automotive winter testing - Real-time simulations boosting innovation 
opportunities, Mikael Nybacka, Tobias Larsson, Åsa Ericson. Submitted to 2nd IFIP 
Working Conference on Computer Aided Innovation, October 10, 2007, Brighton, 
USA.

4.3.1 Summary 
Functional Product Innovation, a joint academic and industrial construct to capture a 

changed focus on product development, is the context for paper C. The meaning of 
innovation is explained more extensively than merely representing new things; hence, 
new methods are included in this view. The purpose of this paper is to describe an as-is 
test procedure and discuss a to-be scenario for automotive winter testing and thus 
highlight how the use of real-time simulations facilitates innovative methods. Besides 
part of the results from a survey, data for the description and discussion of the two 
alternative procedures for automotive winter testing is generated in formal and informal 
meetings with Tier 1 suppliers (main component suppliers), OEM (automotive 
manufacturers) and entrepreneurs (providers of testing facilities). The as-is procedure is 
done in steps with stops in the test drive to check out, e.g. if data is being logged from 
the sensors in the vehicle or to change input parameters into the control system. 
Technologically supporting the current test procedure changes it into a more 
concurrent procedure, or a new method for automotive winter testing.   

4.3.2 Relation in thesis 
The aim of this paper is to describe the as-is and to-be scenarios in vehicle winter 

testing based on pre-results from a web survey aimed to OEM, Tier 1 and test site 
entrepreneurs. A framework for the plausible to-be scenario is found within a 
Functional Product Innovation (FPI) vision. 
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5 Distributed Vehicle Testing 
This chapter presents the main research findings of the three appended papers. Presented are as-is 
and to-be scenarios as well as a prototype framework for future distributed vehicle testing. The 
prototype framework also presents a prototype of a visualization application to enable engineers to 
work in a distributed environment while following the test. 

5.1 Example of as-is test procedure 
The following section is described from the author’s participation at test events and 

visits to three test sites. The difference between different OEMs and Tier 1 suppliers in 
how they perform vehicle tests is noted, and this section serves only as an example of 
vehicle tests. 

The OEM provides the cars where the Tier 1 supplier mounts the test equipment. 
The Tier 1 supplier is responsible for the testing as such. When a test is accomplished, 
the OEM receives a test report from the supplier’s head office. 

Typically, the component test involves groups of people performing the test 
assignment. The Tier 1 supplier’s testing activities take place on-site, e.g. at the proving 
ground in the northern Sweden in collaboration with off-site staff, e.g. the product 
development head quarters located outside of Sweden. On-site staff is, for example: 

Test drivers with expertise about specific components. 
Team leader who coordinates the test sessions and sends or transfer test data to 
the home office.  
Mechanics that repair or mount test equipment and extract data from test 
vehicles. 

Tier 1 suppliers’ off-site staff is, for example, managers and system experts related to 
the electronic control system, and engineers and designers. 

The service entrepreneur who operates locally on-site is responsible for providing a 
purposeful proving ground, e.g. communication, different kinds of tracks, preparation of 
tracks, gas stations, garages, car washes, cold chambers and transportation within the area. 
They also provide information about, e.g. track surface conditions (ice tracks on natural 
lakes changes constantly due to weather conditions), weather forecasts, and booking 
services for travel and accommodation.  

One or more cars are driven at the test facility and different types of data are 
gathered depending on what is under scrutiny, such as data about steering, speed and 
acceleration. The test driver usually changes parameters during a test run, though if any 
larger corrections are needed, the test driver must come to the garage and stop the car 
for the team to make the corrections.  



Mikael Nybacka, Distributed Vehicle Testing - Dynamic simulation for automotive winter testing 

18

Different types of sensors record and sample data from the vehicles. The logging of 
data is done independently in each vehicle, and is gathered from the vehicles after the 
test drive. Thereafter, system experts put together and analyze the data, which are 
visualized in tabled or graphed form. In general, the test process is conducted in steps, 
i.e. test-driving, analyzing the data and decision-making, see Figure 5.1. Decision about 
whether or not a new test is needed is based on what is found. Conditions for the new 
test have to resemble the previous test. Similar conditions are considered as difficult to 
reproduce. The conditions can be according to one aspect or a combination of aspects, 
for example outside temperature, the ice surface topology or both. Finally, the system 
experts write a report presenting the data and findings.  

Several problems can occur during the tests, e.g. control systems, human errors or 
both, and failing sensors. These problems can be hard to notice by the test driver even 
when they have a laptop computer at the passenger side displaying test data. The test 
driver has to focus on driving the car and cannot simultaneously analyze what is 
displayed. Therefore, despite having a laptop, test drivers may not receive any direct 
feedback of the recording process when driving the car; hence, failing sensors or systems 
are discovered after the drive. Due to a lack of feedback, test drivers do not have the 
possibility to directly stop or change the test drive, the control system or analyze the 
situation.

Figure 5.1. Sequential test procedure. 
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5.2 Prototype framework 

5.2.1 Distributed Real-Time vehicle validation concept 
By combining Distributed Collaborative Engineering, real-time simulation and 

visualization, and black box simulation, automotive manufacturers and their suppliers 
gain a very powerful Product Development (PD) tool for car testing. One of the main 
benefits of this concept is that different disciplines involved in the product development 
process can use the system to enhance the concurrency between each other. Control 
system engineers and mechanical engineers can view ongoing tests in real-time and 
change designs, and efficiently re-simulate and influence ongoing tests in a distributed 
manner. Through advanced visualization of simulation results and measurement data, 
engineers can get a clearer view of how the system or product behaves and thus 
improve the quality of the validation process. 

A prototype of a software framework for distributed real-time vehicle validation is 
presented in this section. The framework is largely based on well-known software 
components presently used in the automotive industry, facilitating implementation of 
the concept in industry. The prototype consists of input, data management, simulation 
and visualization components, as illustrated in Figure 5.2.1a. The components have the 
following functionality: 

The input component sends steering, throttle and brake signals to the data 
management block via network link.  
The data management block consists of a Matlab/Simulink [39] component that 
receives data from the input component, performs necessary preprocessing, and 
sends data to the simulation component.  
The simulation block is a VI-Car RealTime [24] component that computes the 
dynamic behavior of the car based on a given input and simulation model. The 
result is sent back to the data management component that processes the data 
and transmits it over a network link to the visualization module. 
The visualization component receives data such as position, velocity, forces, etc., 
and combines this data with a 3D model of the car for 3D visualization of the 
car's behavior in a virtual environment. 

From the 3D visualization of the car and live video transmissions, users can monitor 
the performance of their systems. With the capability to communicate with the test 
driver through an audio (and video) link, valuable information about how their systems 
perform can be obtained and changed directly if necessary. Uploading software upgrades 
to the ECU’s in test vehicles can be done from the development site when network 
connection to the vehicle exists. Engineers at the development site can work on new 
software for the vehicles’ ECU’s during the tests and upload them when problems are 
solved or when new versions are finished. According to Miucic [40], the time needed to 
upload new software and erase FLASH memory only takes a few seconds. Hence, 
engineers at the development office can upload new software between test drives. The 
remote programming of the vehicles’ embedded systems will be essential in a future 
distributed vehicle validation process [40]. 
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Saving the input data from the test session into a file format readable by the simulator 
(e.g. in ADAMS/Car typically a driver control file, DCF) will allow more detailed 
simulations of problems that arise after the test is finished. By saving logged data from 
the car together with the DCF, engineers can reproduce the problem and make changes 
to the software or design.  

The concept can be useful for hardware-in-the-loop, software-in-the-loop and real-
time validation during test sessions. 

The technical structure and real-time distribution of measurement data were 
attempted during a winter testing session at the Arctic Falls test track [41]. The 
measurement data, in this case temperature data from the car, were visualized in a virtual 
environment [12]. The framework with dynamic simulation software, Matlab/Simulink 
and Java based visualization application viewed in Figure 5.3.3a were tested and are 
currently being tested in laboratory settings, papers A and B. 

A schematic model of the prototype system can be seen in Figure 5.2.1a. Tested 
inputs to this system are a joystick and a measurement collection and transmission unit 
installed in an actual car, here a formula SAE car built by students at Luleå University of 
Technology. The formula car was chosen instead of a production vehicle due to the 
ability to perform system tests at a quicker pace and with better control of the whole 
system.  

Figure 5.2.1a. Framework of the prototype system. 
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Input from vehicle 
For testing purposes a joystick was used as an input device. The joystick also provides 

a possibility for easy validation of the system/setup etc. and are useful for demonstration 
purposes. The joystick was connected to a Simulink model (Figure 5.2.1b) that sends 
the joysticks signals (throttle, brake and steering) via network to the data management 
block. 

After the initial testing actual CAN data from a vehicle was used as input to the data 
management block. Throttle, brake and steering inputs were sent from the car while it 
was standing still at the laboratory. In future work, wheel speed data will be sent from 
the car to minimize the difference between simulated and real dynamic behavior due to 
the uncertainty of engine torque in the simulation model. 

Data acquisition 
During the test sessions CAN-bus data are recorded from vehicle to data acquisition 

devices like Host Mobility MX-16 [42], Ipetronik Data Logger [43] or something 
similar type with built in wireless LAN. In test facilities with a wireless LAN 
infrastructure, it is possible to send data directly from the test vehicle and thus view the 
data from the car in real-time. This data can also be used to perform simulations in real-
time, as explained below in section simulation.  

A telematic test range was built at Arctic Falls in northern Sweden as a testing ground 
that facilitates distributed data acquisition from vehicles. This type of test facility allows 
automotive manufacturers and suppliers to perform distributed real-time validation of 
their products.  

Data management 
Matlab/Simulink is used as the communication interface between VI-Car RealTime, 

the visualization tool built by using AgentFX and the real-time data input from the car. 
The Simulink model, see Figure 5.2.1b, collects input data to the real-time model from 
the car’s CAN-bus (throttle, brake and steering). Simulink passes the data onto VI-Car 
RealTime solver for dynamic calculations; VI-Car RealTime then return the results 
back to the Simulink model; Simulink packages/packs the data needed for visualization 
into units suitable for network communication, and then sends it to the visualization 
tool.
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Figure 5.2.1b. Matlab/Simulink data management model. 

Simulation 
The formula SAE car used in the prototype framework was modeled in ADAMS/Car 

and exported to VI-Car RealTime. The ADAMS/Car model has 71 degrees of freedom 
(DOF) and the Real-Time model has 16 DOF. The VI-Car RealTime model does not 
have linkages or bushings, and its steering system does not have parts for the steering 
wheel or rack. Instead, the model requires input parameters from, e.g. Kinematics and 
Compliance (K&C) test machine or data virtually obtained from ADAMS/Car 
simulations. This allows running the simulation faster than in real-time [32]. The use of 
VI-Car RealTime software allows us to simulate the dynamic responses of the vehicle’s 
behavior in real-time with input from the vehicle at the test site and to provide 
engineers more information of the vehicle’s performance. For example, the normal 
forces acting on the tires and the distribution of the forces on the four wheels can reveal 
much about the vehicle’s stability and performance. This is difficult or even impossible 
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to measure on a moving vehicle in real-time; hence, real-time dynamic simulation 
software is a necessity concerning the force distribution on the wheels. 

VI-Car RealTime calculates the dynamics of the vehicle and outputs various data to 
Matlab/Simulink. The data are processed in Matlab/Simulink and passed to the 
visualization application. 

Visualization and Distribution  
Numerous different test scenarios concerning vehicle validation exist, all of which 

need to be accounted for in a vehicle validation application. The visualization 
application has to present data from vehicle dynamics, climate control, vibration, etc., 
and therefore handle different types of inputs. 

The visualization application receives the data sent by Matlab/Simulink, e.g. vehicle 
and tire positions, forces, speeds, etc., and uses the data to render the moving vehicle in a 
virtual environment. Additional data such as contact forces on the wheels are also 
displayed with arrows that represent the X, Y and Z forces on the wheel, as can be seen 
in Figure 5.2.1c. The application communicates over a custom UDP protocol where the 
data are transmitted to the client. The client streaming network is implemented in the 
Apache MINA network environment [44]. MINA extends Java’s own network 
Application Programming Interface (API) and acts as a Rapid Application Development 
(RAD) tool for server/client development. The visualization application can be reached 
anywhere in the world through a web browser with the use of Java Webstart. 

Figure 5.2.1c. First prototype of the visualization application displaying force and speed arrows as 
well as indication that the wheel has reached maximum slippage when turned red. 
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5.2.2 Vehicle Validation Visualization 

Visualization prototype 
The first prototype of the visualization application can be seen in Figure 5.2.1c. 
The second prototype of the visualization application consists of dynamic handling 

overviews that are visualized in a rich 3D environment. The application can be further 
enhanced with plug-ins to handle temperature, sound, vibration and other areas of 
interest. Figure 5.2.2a shows an example of how a user-modified dynamics overview 
can look like, with multiple views and data representation in graphs at the bottom right. 

In the dynamic handling overview the user can see the force distribution, displayed 
with red arrows, on each tire. The force distribution is also listed in a force table in the 
upper right corner of Figure 5.2.2a. When a certain amount of slippage is attained, the 
vehicle’s tires will turn red to indicate that the threshold has been reached, see Figure 
5.2.1c. A blue arrow will indicate where the vehicle is heading and become elongated as 
the vehicle increases speed. 

Figure 5.2.2a. Example of the second and improved prototype for visualization. 

Examples of possible plug-ins are when the user adds temperature, sound and 
vibration overviews to the application. In the plug-in the user can control a clipping 
plane through the 3D model to see the distribution of temperature, sound or vibration. 
The user places control points in the model located in the same positions as in the real 
vehicle. Data will be sent from the real vehicle to the visualization application and the 
value of the specified point in the 3D model will be interpolated between each other to 
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form a color scheme in the clipping plane. This will help the user view the distribution 
of temperature, sound or vibration in the clipping plane of the whole vehicle. Törlind 
[12] explains this in a similar fashion. Consider a scenario where users of the 
visualization application wish to be notified if an error occurs with one unit in the car. 
The users can then couple the error codes from the vehicles CAN-bus to 3D icons 
placed in the vehicle where the error originates, allowing the error to be visualized by 
changing the color of the 3D icon and flashing the screen with red.  This would directly 
notify the users that something is wrong and proper actions can be directly taken. These 
are examples of what you can do with a visualization application such as this.  

Rendering possibilities 
Proposed application allow a complex object in a virtual environment to be 

displayed, since the work is done in a 3D environment and is not limited to static 
positions, and can therefore offer a number of viewpoints, such as free flight camera, 
drivers view, bird’s eye, etc. There is also the possibility to control the projection and 
offer the user different projections, e.g. orthographic or perspective depending on the 
situation. Complex objects can be further enhanced with textures to display surface 
attributes or to display measurement data on the vehicle, e.g. temperature distribution in 
the vehicle. 

The image can be further enhanced by advanced lighting equations, such as per pixel 
phong shading, which simulates a material’s ability to reflect direct light [45]. To 
enhance the visual appearance of materials such as chrome, environmental mapping 
techniques can be used to create realistic reflections [45] [46]. Depth perception can be 
enhanced with real time shadow techniques like shadow maps [47] and shadow volumes 
[48], see Figure 5.2.2b of tested rendering techniques. The hierarchal structure can be 
used to visualize the chassis roll, pitch and squat with reference to the ground. 

Figure 5.2.2b. Example of advanced 3D rendering, shadows and carbon fibre textures. 
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It is possible with the use of a programmable shader, to create surfaces that 
dynamically change on input. The input can be linked to sensors, simulations or be user 
controlled. 

There is also the possibility to set up a clipping plane, thus allowing the end user to 
view the interior of a car [12]. By combining complex 3D graphics with informative 
2D overlays, we can create an informative environment where users can follow test 
drives, see tabled data and still work in a 3D environment. 

The environment can also be augmented with informative data for failure detection, 
such as billboard and icons, and display information of sensors, as in Figure 5.2.2a where 
the force on the tires is displayed as force arrows. 

5.3 Collaboration in winter vehicle testing 

5.3.1 Automotive winter testing facilities – views from the actors 
Compared to their competitors, entrepreneurs in the northern Sweden test region 

highlight “relatively stable winter” and “big areas on lakes for ice tracks” as important 
advantages to provide and enhance the test services. Moreover, entrepreneurs think that 
the ability of the locals to speak not only English, but also German can be considered as 
an advantage for the test region as such.  

The entrepreneurs say that the fact that large Tier 1 suppliers are established and 
located in the area is an important contribution to the competitiveness, since they 
attract OEMs to accommodate their automotive winter testing activities in the region. 
One entrepreneur says that “firmly established big Tier 1 suppliers function as a magnet for the 
OEMs”. The entrepreneurs perceive the transportations of cars from other parts of the 
European Union as easy, but they also consider the poor travel possibilities for people 
(flights and long distance to the testing area) as a negative aspect. The entrepreneurs 
bring together sub-contractors who are directly involved with working to keep the test 
tracks, etc. in good condition, along with additional firms that provide added value to 
leisure time, e.g. firms that provide snowmobile safaris or dog sleighing tours. The 
entrepreneurs perceive a risk in that the increased leisure events take capacity from the 
test activities.   

In a future perspective of five years, the entrepreneurs believe that they will probably 
sell more services and that the OEMs will join and share test facilities. Furthermore, 
they hope that there will be summer testing and that the test activities will continue to 
positively develop.  

For automotive winter testing in the northern Sweden, Tier 1 suppliers express the 
advantages as having OEMs together. “This enables us to have demos with significant number 
of participants and it also helps collaboration in development within customer projects”. One of 
the respondents expresses that the entrepreneurs offer “perfect service” and that they 
“know what the customer needs” and provide well-prepared facilities. Another respondent 
emphasizes the climate as an advantage for winter tests, “Northern Sweden has a climate 
that is very suitable to winter testing. It is guaranteed to get cold, new snow and big temperature 
variations if you stay approximately seven to ten days”.  This is a reason why this respondent 
prefers the northern Sweden test facilities in favor of competitors in Finland and 
Canada. However, the OEMs and Tier 1 suppliers highlight that traveling to the test 
sites is time consuming, and that it is difficult to get hotel rooms, especially with short 
notice.  
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OEMs and Tier 1 suppliers see changes in the test processes as two-fold. Firstly, they 
forecast a reduction in the number of products, but an increase in the total amount of 
testing hours. This seems likely because, as they express, “more time will be spent on each 
product that should be tested”. Secondly, they see a general reduction of testing activities, 
since tests can also be performed in cold climate chambers. However, they find the first 
trend as plausible because, as one of the respondents reflects on changed processes, “I
believe that the tests will be standardized with well-defined methods, which in turn will reduce the 
number of people needed for the test. With good methods for performing winter testing, I also 
believe that the tests could be outsourced to the entrepreneur. This will reduce the costs”. He 
continues that if the entrepreneur is hired to perform the tests, the car can run “life 
length test for a longer period and in turn reduce costs and get more value from the test season”.

5.3.2 Future to-be scenario 1 
The idea with the distributed real-time simulation and visualization (DRTSV) 

concept is to extend the testing and verification processes from the test tracks to the 
development offices of the manufacturer and subcontractors resulting in more effective 
test sessions and shorter development cycles. Furthermore, connecting system modules 
that are mechanical, controlled or both to the DRTSV concept in a black box fashion, 
as suggested by Larsson et al. [49], will provide the manufacturer and subcontractors a 
promising conceptual tool to support the product development (PD) process. The 
black-box mode enables suppliers to protect their own knowledge, while still sharing 
the response of their systems from executable models. 

By using a wireless local area network (WLAN) at the test tracks, live measurement 
data can be sent from vehicles at the test track back to the development site of the 
manufacturer for analysis and visualization, in real-time if desired. The possibility to 
share and view data in real-time from the test track will significantly reduce costs and 
lead-times for vehicle manufacturers. Törlind et al. [12] describes a technological 
framework where automotive manufacturers and suppliers in northern Sweden have the 
possibility to transmit data in real-time from test vehicles to development facilities 
worldwide. By integrating this framework with the system presented here, live 
measurement data can be used as input for hardware-in-the-loop and software-in-the-
loop simulations and real-time visualization, providing the opportunity to study effects 
that are not directly measurable, such as the normal forces on the tires of a moving car. 

The vision for future automotive test engineers parties to participate in vehicle 
testing without being physically present at the test track, and still as involved in the tests 
as if they were present. To achieve this, measurement data must be transmitted in real-
time to the development site, where it can be analyzed and visualized. Moreover, 
interpersonal communication and data exchange between local and remote engineers 
must be flexible and effortless. To illustrate this vision, consider a case where the 
engineers wish to study the influence of a suspension module on the braking 
performance on ice. Using the approach presented in this thesis, they can do so by 
feeding live measurement data (acceleration, position, speed) into a dynamic simulation 
module that calculates the normal forces on the tires. The normal forces can be 
visualized in real-time in a virtual reality system, e.g. as dynamically changing graphical 
vectors. Further, one part of the suspension simulation system can be located at a 
subcontractor who uses a black box simulation approach to protect the simulation 
model. The dynamic simulation forces on the suspension module are transmitted to the 
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subcontractor, and the tire forces are returned. All information from the simulation 
module can be combined with measured data from the car at the test track and either 
visualized in a shared visualization system or presented as curves. 

Imagine sending measurement data directly to the office of an expert, where it is 
visualized and analyzed in real-time. The expert can follow the ongoing test through 
both a virtual reality 3D visualization of the vehicle and a video from the vehicle. If the 
expert can speak to the test driver through an audio link, he can influence the ongoing 
test to better suit his needs. There is also a possibility for the remote expert to download 
new software directly to the vehicle’s ECU through the wireless communication link 
and the CAN-bus. Working in this manner will reduce the overall test time and provide 
time for even more tests, or simply reduce the time for a test cycle. Engineers from the 
home office no longer have to travel to the test session and can follow the test session 
from their office, allowing the local entrepreneurs to perform the tests for them. This 
also means that other experts can be called in during the test session for additional 
support. This will greatly save the automotive manufacturers and suppliers time and 
money. 

5.3.3 Future to-be scenario 2 
The way automotive winter testing is performed, where a test driver is sitting in the 

car and driving on tracks while experts are sitting outside the car, even though on site, is 
distributed by its nature, i.e. there is a physical distance between the actors. The basic 
idea for a future component test scenario is to create a real-time visualization 
application to support the distributed work technically. By doing so, off site staff at the 
home office and other experts located all over the world can be included into the test 
sessions in real-time. Since divergent knowledge areas and organizations (OEM, Tier 1 
and entrepreneur) need to collaborate, the communication can be viewed as crossing 
boundaries. Visualization or a ‘seeing first’ approach to decision-making is supportive 
when the situation is new [37]. The distributed real-time visualization application seems 
to be a way to support collaborative decision-making and enhance the concurrency 
between activities. The suggested structure of how to support automotive winter testing 
activities is web-based, as shown in Figure 5.3.3a. Data from the test vehicle are 
transmitted via a wireless access, recorded and stored at a server from where the data are 
retrieved for real-time analyses. The ability to see the result of the test in 3D can be 
provided through the use of advanced 3D engines, such as AgentFX. A unique 
advantage of AgentFX is that it allows complete control over the rendering process, and 
thus creation of advanced user interface with 2D overlays and augmented 3D views. 
This capability can support a new test to be similarly set up as before. 
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Figure 5.3.3a. Future Vehicle Validation. 

In a to-be scenario, the test driver logs-on via a laptop to a secured website where 
the visualization application is hosted. During the test, all on site and off site staff, can 
follow the test in a 3D environment; this direct feedback verifies that the test is being 
logged and analyses of the test data can start concurrently in a more direct and 
collaborative manner. Moreover, the test staff can directly discover extreme system 
behavior and potential errors. Besides representation of data in 3D, regular data 
presented in graphs or tables can be used. Based on these analyses, system experts can 
decide if a retest is required, which can be done more easily during similar conditions. 
The system experts can give instructions via a link to the test driver for, e.g. a retest, 
where 2D overlays and augmented 3D views support setting up and performing the test 
under similar conditions as a previous test.  

 Due to the direct connection from the vehicle to the server, data can be stored 
structurally and replayed after the test session. Besides making it possible to further 
analyze a noted problem, the recently logged data can be compared with past data.  

This way, the test procedure has changed from being sequentially performed to being 
concurrently performed with the analyses and decision-making processes, see Figure 
5.3.3b. 
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Figure 5.3.3b. An example of a future to-be scenario. 

This distributed technical solution supports a new test procedure. Besides the 
solution probably bringing with it innovations in terms of both software and hardware 
products, it make available new services that the entrepreneurs might provide. Two 
respondents, one from the Tier 1 supplier and one from the OEM group, have expressed 
a change in testing activities as becoming standardized and with well-defined methods. 
He believes that the number of people needed for testing will be reduced and that the 
entrepreneur could run the cars for life length test for a longer period. Hence, the 
entrepreneurs become more involved in the actual vehicle tests and perhaps lead to a 
build up technological capital, i.e. a base for new services, and to extend the activities at 
the test site during the rest of the season. 

The respondents have expressed travels as a bottleneck because of the extended time 
required. A distributed solution enables people to collaborate, but travel less. 
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6 Conclusions
This chapter presents the conclusion of the research. 

This work has focused on the development of tools and methods to help the 
automotive industry when performing winter testing, as well as local winter test 
entrepreneurs to further strengthen their business in the form of new service 
possibilities. The framework and the future scenario presented in this thesis are found 
within an FPI vision, whose the goal is to consider the cross-company knowledge 
domains of engineering, business and production in the development phases.  

6.1 Contribution of research 
Here is a reminder of the research question that guides this work, 
How can real-time vehicle dynamic simulation and use of real-time visualization support 

vehicle testing and how will this affect vehicle testing? 

By supporting the to-be test procedure with real-time simulations and, in particular, 
3D visualization, the way of conducting the tests radically changes. The approach 
supports decision-making to become a more concurrent activity, and facilitates and 
enables distributed collaborative work and common understanding. Furthermore, the 
approach affords opportunities to extract rich information from the vehicle and its 
systems that provide a good basis for well-informed decisions. The connection between 
the vehicle running the test and the development office will be a good base for new and 
future innovation concerning vehicle validation and development. 

6.1.1 Academic contribution 
This research gives new insights into vehicle testing procedures and how the work 

process with the aid of technology can help in the coordination of the tests. It also 
shows how the visualization simplifies common understanding and enhances the 
possibilities for well-informed group decisions and collaborative work.   
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6.1.2 Industrial contribution 
A main benefit of the concept presented in this thesis is that different disciplines 

involved in the product development process can use the system to enhance the 
concurrency between them. Control systems and mechanical engineers can view 
ongoing tests in real-time and change designs, and efficiently re-simulate and influence 
ongoing tests in a distributed manner. The visualization client presents data in a rich 3D 
environment, thus enabling non-experts to understand the dynamic behavior of 
complex vehicle systems and more. This application will contribute to an enhanced 
validation of vehicles and the ability to collaborate in a distributed real-time virtual 
environment. The concept will also gather more information to the early stages of 
product development, and speed up the vehicle validation process due to its real-time 
nature. With the distributed procedure experts can be called in during the test session 
for additional support and the engineers on site will get access to valuable information 
at once. 

Presented framework will facilitate: 

OEM and Tier 1: 
Acquirement of data that is hard or difficult to see and measure by using 
simulation software during test sessions. See section 5.2.1. 
Easier to view and notice problems or failures with the use of visualization 
techniques in the application presented in section 5.2.2. 
Better overview of how the whole vehicle and its systems behave using a 
virtual environment to represent the test vehicle seen as a 3D model. 
Decisions support both locally and distributed. Decisions are supported by 
web based visualization application that presents data from the ongoing test. 
Possibility to perform multiple tests simultaneously, e.g. one group of experts 
can monitor the temperature in the vehicle while others monitor the 
Electronic Stability Program (ESP). 
Give support for the collaboration between Tier 1, OEM and Entrepreneur. 
The framework allows for group decisions and collaborative work. 
Compare old tests with ongoing tests, if connected to a data base server. 
Data can be saved and indexed automatically in a database for later review and 
report generation. 

Entrepreneur: 
Increased usage of the wireless local area network infrastructure at test 
facilities is achieved using the framework presented. 
Give possibilities to local entrepreneurs for new business opportunities, e.g. 
services such as engineers performing the tests for the OEMs and Tier 1 
suppliers. 
The entrepreneurs can be more involved in actual tests, which perhaps lead to 
a build up technological capital.  



Mikael Nybacka, Distributed Vehicle Testing - Dynamic simulation for automotive winter testing 

33

7 Future Work 
This chapter explains the future work by the author in the research project. 

7.1 Continuous Work 
The author will continue to build up the framework with the dynamic simulation 

software CarSim. A web-based collaborative environment will be built and evaluated 
with the cooperation of other researchers. Further case studies and meeting will be 
performed to further map the needs and future thoughts of the OEM, Tier 1 suppliers 
and entrepreneurs. 

Besides continuing evaluation and verification of this research, further considerations 
on how to apply the principle of distributed work supported by real-time simulations in 
other areas are interesting within the FPI vision. 

The author has pointed out some questions that need to be considered in the future 
work of this area. 

7.1.1 Unanswered questions about Distributed Vehicle Testing 
Certain questions need to be answered concerning Distributed Vehicle Winter 

Testing: 
1. How close to the reality can the distributed real-time simulation of vehicle 

dynamics be? 
2. What extra input to the simulation do we need to receive higher fidelity in the 

simulation results? 
3. How should a web-based collaborative environment be designed to facilitate 

effortless and good communication of the ongoing winter test session? 
4. What is the industry’s reflection to the proposed way of performing vehicle 

winter testing? 
5. How can results from real-time simulations drive the design of the next 

generation of products and can it be used to enable new business concepts? 

These five unanswered questions will serve as a good starting point for the 
continuation of this work. As can be seen from the questions, the research will continue 
to be both qualitative and quantitative. The research methods Case Study Research and 
Action Research seem to be promising research methods for the authors’ future work. 
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1 ABSTRACT 
Due to the increasing complexity of embedded systems 

and software in vehicles, the automotive industry faces an 
increasing need for testing and verification of components and 
subsystems under realistic conditions. At the same time, 
development cycles must be shortened for vehicle 
manufacturers to be competitive on the global market, and an 
increased amount of testing and verification must thus be 
performed in less time. However, simply increasing the testing 
volume can be prohibitively costly, meaning that testing and 
verification processes must be made more efficient to reduce 
the need for more prototypes. 

This paper presents a concept for distributed testing and 
verification of vehicles in real-time, with the aim of improving 
testing and verification efficiency. Through a novel 
combination of software tools for distributed collaborative 
engineering, real-time simulation, visualization, and black box 
simulation, the realized system makes it possible for vehicle 
manufacturers and their subcontractors to work more 
concurrently and efficiently with testing and validation. An 
early implementation of a system prototype is described and 
future development plans for the system are presented. The 
main software components used to build up the system are 
ADAMS/Car RealTime, Matlab/Simulink and a Java-based 

real-time visualization module originally developed for the 
gaming industry. 

A main benefit of the concept is that different disciplines 
involved in the product development process can use the 
system to enhance the concurrency between them. Control 
systems and mechanical engineers can view ongoing tests in 
real-time and change designs, and efficiently re-simulate and 
influence ongoing tests in a distributed manner. Through 
advanced visualization of simulation results and measurement 
data, engineers can get a clearer view of how the system or 
product behaves, thereby improving the quality of the 
validation process. 

The concept for distributed real-time simulation and 
visualization described in this paper will gather more 
information to the early stages of product development, and 
speed up the product development process due to its real-time 
nature. The fact that engineers can stay at their home office and 
only follow the test when needed will enhance their efficiency. 
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2 INTRODUCTION 
Outsourcing the development of components and systems 

to subcontractors by manufacturers is a clear trend in the 
automotive industry. Consequently, the overall quality of the 
finished product will depend on how well automotive 
companies and subcontractors work together in the 
development processes. The lack of harmonization between not 
only subcontractors and the automotive company, but also 
between different development departments at the manufacturer 
causes expensive errors in the final product. Therefore, 
methods and tools that are easy to work with and are applicable 
in industry have to be developed to support the whole 
development process [1, 2]. 

The need for vehicle validation has increased during recent 
years, mainly due to the increasingly complex electronic 
control systems developed for the vehicles. Much time is spent 
on validation to manufacture reliable and safe systems.  

To quote Vincentelli [3], “It is no wonder that more than 
30% of severe malfunctions in automobiles are originated by 
faulty software. We need a new system science to deal with the 
digital abstraction and the physical world in a unified way.”  

This paper suggests methods and tools to reduce lead-times 
in the validation phases of product development (PD). It also 
exemplifies how we can cope with digital abstraction and the 
physical world. 

Today’s automotive companies must be able to cope with 
distributed product development due to the many suppliers 
involved in vehicle development. Dannenberg [1] estimates 
around 5,000 suppliers to the automotive industry today. Since 
suppliers and subcontractors from all over the world frequently 
need to be involved in the testing and verification of vehicles, 
developing sophisticated methods and tools for distributed 
validation and simulation is necessary, and to incorporate these 
tools and methods into the overall framework for distributed 
product development.  

The idea with the distributed real-time simulation and 
visualization (DRTSV) concept is to extend the testing and 
verification processes, from the test tracks to the development 
offices of the manufacturer and subcontractors. This will result 
in more effective test sessions and shorter development cycles. 
Furthermore, connecting system modules that are mechanical, 
controlled or both to the DRTSV concept in a black box 
fashion, as suggested by Larsson et al. [8], will provide the 
manufacturer and subcontractors a promising conceptual tool to 
support the PD process. The black-box mode enables suppliers 
to protect their own knowledge, while still sharing the response 
of their systems as executable models. 

By using a wireless local area network (WLAN) at the test 
tracks, live measurement data can be sent from vehicles at the 
test track back to the development site of the manufacturer for 
analysis and visualization, in real-time if desired. Having the 

possibility to share and view data in real-time from the test 
track will significantly reduce costs and lead-times for vehicle 
manufacturers. Törlind [7] describes a technological framework 
by which car manufacturers and suppliers in northern Sweden 
have the possibility to transmit data in real-time from test 
vehicles to development facilities worldwide. By integrating 
this framework with the system presented here, live 
measurement data can be used as input for hardware-in-the-
loop simulation and real-time visualization, giving the 
opportunity to study effects that are not directly measurable, 
such as the normal forces on the tires of a moving car. 

Our vision is for future automotive test engineers to be 
able to take part in vehicle testing without being physically 
present at the test track, and still as involved in the tests as if 
they were present. To achieve this, measurement data must be 
transmitted in real-time to the development site, where it can be 
analyzed and visualized. Moreover, interpersonal 
communication and data exchange between local and remote 
engineers must be flexible and effortless. As an illustration of 
this vision, consider a case where the engineers wish to study 
the influence of a suspension module on the braking 
performance on ice. Using our approach, they can do so by 
feeding live measurement data (acceleration, position, speed) 
into a dynamic simulation module that calculates the normal 
forces on the tires. The normal forces can be visualized in real-
time in a virtual reality system, e.g. as dynamically changing 
graphical vectors. Further, one part of the suspension 
simulation system can be located at a subcontractor who is 
using a black box simulation approach to protect the simulation 
model. The dynamic simulation forces on the suspension 
module are transmitted to the subcontractor, and the tire forces 
are returned. All information from the simulation module can 
be combined with measured data from the car on the test track 
and either visualized in a shared visualization system or 
presented as curves. 

Imagine if sending measurement data directly to an 
expert’s office, where it is visualized and analyzed in real-time, 
any test can be performed. The expert can follow the ongoing 
test through both a virtual reality 3D visualization of the 
vehicle, and a video from the vehicle. If the expert can speak to 
the test driver through an audio link, he can influence the 
ongoing test to better suit his needs. There is also a possibility 
for the remote expert to download new software directly to the 
vehicle through the wireless communication link. Working in 
this manner will reduce the overall test time and provide time 
for even more tests, or simply reduce the time for the test cycle. 
Engineers from the home office no longer have to travel to the 
test session they can follow the test session from their office 
and let the local entrepreneurs perform the tests for them. This 
will greatly save the automotive manufacturers and suppliers 
time and money. 
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Figure 1. Real-Time simulation with hardware in the loop 
and black box simulation.

By using a dynamic simulation system to simulate the 
behavior of the vehicle, accessing difficult or even impossible 
data to measure is possible, e.g. force between tire and road, 
forces in joints, etc. 

The visualization module can be set up to simultaneously 
present data considered interesting to many disciplines, e.g. 
climate, fatigue, control systems, vibration analysis, etc. 

3 RELATED WORK AND BACKGROUND 
The work presented in this paper builds on previous work 

from the Division of Computer Aided Design at Luleå 
University of Technology concerning distributed collaborative 
engineering (DCE), distributed automotive winter testing and 
multi-body simulation of vehicles. 

Larsson et al. [8] present a system for web-based 
simulation where only a web browser is needed as interface to 
the underlying simulation core and the user can work anywhere 
in the world in a thin client fashion. The most evident 
advantage is the possibility to distribute simulation modules, or 
whole simulation models, from simulation experts to design 
experts and engineers. This distributed approach allows 
cooperating companies to protect company specific knowledge 
by distributing simulation modules of models or complete 
systems in a black box fashion, where certain parameters are 

available for modification, whereas other company sensitive 
parameters and structures are protected. Extending this 
approach to use simulation modules [9] allows for sub models 
to be distributed throughout the network. 

By combining the above-mentioned technologies with 
existing technologies for remote collection of telemetric data 
from test objects [7], the distributed simulation can be 
combined with hardware-in-the-loop, HIL [11], simulations. 
Integrating these technologies permits new possibilities for 
merging simulation with hardware to be achieved. Törlind et al.  
[7] consider climate testing with static visualization modules, 
though this can be generalized to virtually any kind of testing 
scenario and integrated into the new dynamic visualization 
module. 

4 THE DISTRIBUTED REAL-TIME VEHICLE 
VALIDATION CONCEPT 

By combining Distributed Collaborative Engineering, 
Real-Time simulation and visualization, and black box 
simulation, vehicle manufacturers and their suppliers gain a 
very powerful PD tool for car testing. One of the main benefits 
of this concept is that different disciplines involved in the 
product development process can use the system to enhance the 
concurrency between them. Control system engineers and 
mechanical engineers can view ongoing tests in real-time and 
change designs, and efficiently re-simulate and influence 
ongoing tests in a distributed way. Through advanced 
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visualization of simulation results and measurement data, the 
engineers can get a clearer view of how the system or product 
behaves, and thus improve the quality of the validation process. 

An early prototype of a software framework for distributed 
real-time vehicle validation is presented in this paper. The 
framework is largely based on well-known software 
components presently used in the automotive industry, which 
facilitates implementation of the concept in industry. The 
prototype consists of input, data management, simulation and 
visualization components, as illustrated in Figure 2. The 
components have the following  functionality: 

The input component sends steering, throttle and 
brake signals to the data management block via 
network link and UDP protocol.  
The data management block consists of a 
Matlab/Simulink [5] component that receives data 
from the input component, performs some necessary 
preprocessing, and sends it to the simulation 
component.  
The simulation block is an ADAMS/Car RealTime [4] 
component that computes the behavior of the car 
based on a given input and a simulation model. The 
result is sent back to the data management component 
that processes the data and transmits it over a network 
link to the visualization module via UDP protocol. 
The visualization component receives data such as 
position, velocity, forces, etc., and combines this data 
with a 3D model of the car for 3D visualization of the 
car's behavior in a virtual environment. 

Figure 2. Early prototype system of real-time simulation 
and visualization.

4.1 Product Development process
The following section describes how the DRTSV concept 

can be used in the PD process. 
As previously noted, future vehicle testing processes need 

to be faster and more effective, to test all new vehicle control 
systems. These control systems will increase in numbers and 
complexity in the future, meaning that the methods for testing 
vehicles and their control systems need to be enhanced 
considerably to decrease the time spent on testing [7]. One way 
to achieve this is to use wireless technology at the test facilities 
to perform concurrent validation from remote locations. What 
this means is that an engineer at the development office for 
automotive systems can concurrently work with one subsystem 
of the vehicle, while a test session is conducted on another 
vehicle subsystem. Input data to a simulation model can thus be 
received, in real-time, from a car at an ongoing test session.  

Meanwhile, a software engineer can work with a different 
subsystem and receive data from the same test session. From 
the 3D visualization of the car and live video transmissions, 
they can monitor the performance of their systems. With the 
possibility of communicating with the test driver through an 
audio (and video) link, valuable information about how their 
systems perform can be obtained, and changed directly if 
necessary. Uploading software upgrades to the ECUs in test 
vehicles can be done from the development site when network 
connection to the vehicle exists. Engineers at the development 
site can work on new software for the vehicles’ ECUs during 
the tests and upload them when problems are solved or when 
new versions are finished. According to Miucic [12], the time 
needed to upload new software and erase FLASH memory only 
takes a few seconds. Due to this fact the engineers at the 
development office can upload new software between test 
drives. The remote programming of the vehicles’ embedded 
systems will be essential in the future distributed vehicle 
validation process [12]. 

Saving the input data from the test session into a file 
format readable by the simulator (e.g. in ADAMS/Car typically 
a driver control file, DCF) will allow more detailed simulations 
of problems that arise after the test is finished. By saving 
logged data from the car together with the DCF, the engineers 
can reproduce the problem and make changes to the software or 
design.  

The concept will be useful for hardware-in-the-loop, 
software-in-the-loop and real-time validation during test 
sessions. Using the system from early product development to 
validation of preproduction systems at the test sessions is 
possible (see Figure 3). 

4.2 Visualization
The use of a dynamics simulator such as ADAMS/Car 

RealTime allows for hard or even impossible to measure test 
data to be produced, e.g. tire, chassis forces. 

By using a 3D engine originally developed for the gaming 
industry, it is possible to build extremely realistic synthetic 
environments. Visualization in real-time demands high graphics 
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performance, requiring different 3D graphics engines compared 
to what CAE tools have to offer. Hence, the use of visualization 
tools from the gaming industry – considered today the 
technological vanguard of 3D visualization – are interesting for 
this application. 

With the use of a Global Positioning System (GPS) and 
maps, it is possible to model the whole test track with trees, 
buildings, sunlight, shadows, etc. Modeling sunlight and its 
direction can be useful not only for added visual realism, but 
also to provide information, for instance, about why the 
temperature inside a coupe suddenly increased at a climate test. 
Another reason to want highly realistic graphics is to keep track 
of the environment where the vehicle is during the test. 

Adding special features to the real-time visualization 
model will give the viewer a better and more logical overview. 
Vector force and moment graphics will be of use when 
monitoring the behavior of dynamic control systems. Vectors 
that visualize the normal forces on the tires provide much 
information about how the vehicle behaves. Changing the 
colors of parts when special events occur, e.g. when systems 
fail or when the brakes lock the wheels, gives a clear and 
prompt notification to the user. When the visualization model 
consists of many parts, a function to show or hide the parts 
during simulation will be useful. Using a cutting plane through 
the model will also enhance the viewability of the model, as 
well as give the possibility to visualize temperature, vibration 
and sound fields in the model. Color gradients in the cutting 
plane of the model can represent this. 

Being able to save simulations in the visualization module 
gives the engineer a better view of how the new system will 
work. For example, you have saved the last simulation and will 
now modify the system to run a new simulation with the saved 
simulation as a reference. This will give the engineer direct 
visual confirmation of how the system behaved in a particular 
situation. 

4.3 Implementation in industry
There are numerous areas in the PD process where the 

DRTSV concept will be suitable (see Figure 3). When 
considering a black box simulation with DRTSV, this is 
applicable from the development of early control systems 
solutions up to preproduction control systems.  

The first area is prototype system development. During 
development, data from the actual testing can be used to 
simulate the behavior of the prototype system in the vehicle. 
The systems can be tested for early bugs and misbehaviors.  

Secondly, virtual simulation allows specified systems to be 
tuned.  

Thirdly, systems for preproduction vehicles can be tuned 
concurrently during test sessions. 

Another area of implementation would be the distributed 
visualization and simulation to the suppliers. Mechanical 
engineers also have good usage of DRTSV, especially since 
mechanical systems have to function well with electronic 
systems and software. Using the same tool suite and methods 

will harmonize the work of electronic and mechanical 
engineers in the automotive industry [2]. 

Figure 3. Potential use of DRTSV, displayed in the V-
model for the development process of electronic systems 

and software. 

5 RESULTS 
The preliminary result of this work is an early prototype 

system based on a combination of software tools, some of 
which are already used in the automotive industry, mainly 
ADAMS/Car RealTime, Matlab/Simulink and a Java-based 3D 
visualization module called AgentFX.  

5.1 Prototype system
A schematic model of the prototype system can be seen in 

Figure 2. Tested inputs to this system are a joystick and a 
measurement collection and transmission unit installed in an 
actual car, in this case a formula SAE car built by students at 
Luleå University of Technology. The formula car was chosen 
instead of a production vehicle due to the ability to perform 
system tests at a quicker pace and with better control of the 
whole system. 

5.1.1 System input
The first input source used was a joystick to test the 

simulation and visualization part of the system. The joystick 
was connected to a Simulink model that sent the joysticks 
signals (throttle, brake and steering) via network and UDP 
protocol to the data management block. 

A first test sent CAN-bus data from the car to the data 
management block. Throttle, brake and steering inputs were 
sent from the car while it was standing still in the laboratory. In 
future work, wheel speed data will be sent from the car to 
minimize the difference between simulated and real dynamic 
behavior. 
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5.1.2 Data management and communication
      Matlab/Simulink is used as the communication interface 
between ADAMS/Car RealTime, the visualization tool 
AgentFX™ and the real-time data input from the car. The 
Simulink model collects input data to the real-time model from 
the car’s CAN-bus (throttle, brake and steering). Simulink 
passes the data onto ADAMS solver for dynamic calculations; 
ADAMS then passes the results back to the Simulink model; 
Simulink packetizes the data needed for visualization into units 
suitable for network communication, and then sends it to the 
visualization tool AgentFX™ [5]. 

5.1.3 Simulation
For the last 20 years, automotive manufacturers have used 

multi-body simulation tools in virtual product development 
(VPD) to not only understand how the product will perform, 
but also the different phenomena that can arise. Using MBS 
together with other software components will give an effective 
tool for solving complex and multi-disciplinary problems. 

The formula SAE car was modeled in ADAMS/Car and 
exported to ADAMS/Car RealTime. The ADAMS/Car model 
has 71 degrees of freedom (DOF) and the Real-Time model has 
16 DOF. The ADAMS/Car RealTime model does not have 
linkages or bushings, and its steering system does not have 
parts for the steering wheel or rack. Instead, the model requires 
input parameters from, e.g. Kinematics and Compliance (K&C) 
test machine or data virtually obtained from ADAMS/Car 
simulations. This makes it possible to run the simulation faster 
than real-time [4]. 

Figure 4. Matlab/Simulink model.

5.1.4 Visualization
AgentFX™, an advanced toolkit for developing interactive 

3D applications and objects in real-time, is based on Java and 
uses the OpenGL Application Programming Interface (API). 

AgentFX™ allows software development for a wide range 
of platforms, eliminating the need to rewrite code for different 
platforms. Applications are immediately ready for use on 
platforms such as Microsoft Windows, Apple Mac OS X, Web 
environments, handheld units using Pocket PC or similar, 
Linux and UNIX workstations such as SUN Sparc, and more.  

The advantages of using this kind of software is high 
graphical performance and applicability in heterogeneous 
computing environments, since the visualization module can be 
executed from any computer with a Java virtual machine 
installed. 

Currently, the car’s dynamic properties, e.g. normal forces 
acting on the tires contact patch, vehicle speed and direction, 
are implemented in the visualization application. In Figure 4 
the left rear wheel is displayed as red due to the exceeded 
absolute slippage; also note the top right hand corner of the 
picture displaying the absolute forces acting on the tires.  

Future implementation could be different types of test 
information, such as temperature data displayed with a cutting 
plane through the body with graded colors. These different 
types of test information should be easily accessible through 
the top toolbar.  
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Figure 4. Visualization application with applied textures, 
forces and speed arrows.

6 CONCLUSION AND FUTURE WORK 
Future work consists of testing the measurement data 

collection and communication unit installed in the formula SAE 
car. Real tests at a local winter test facility will be performed to 
validate the functionality, bandwidth requirements, and how 
close to real-time can the system work. Also, further work on 
the visualization model of the car and the virtual environment 
will be preformed for enhanced realism. Whether or not 
Matlab/Simulink and ADAMS/Car RealTime can be used for 
purposes other than explored in this paper will be investigated. 
Questions concerning data acquisition will be worked upon in 
parallel with another research projects. The intention of this 
system is for it to be eventually tested on a conventional car 
from the automotive industry. 

During the PD process, gathering as much information as 
possible about the product is crucial. This information will help 
eliminate flaws for the next generation of the product. The 
concept for distributed real-time vehicle validation described in 
this paper will facilitate the collection of data in the early 
product development stages. Moreover, it will accelerate the 
product development process due to its real-time nature, 
promoting instant analysis of measurement and simulation data. 
The fact that highly competent engineers can to a larger extent 
remain at their home office and still partake in remote testing 

sessions will increase their productivity when it is needed and 
enhance their efficiency.  

Recording input data from real tests will permit earlier 
usage of the system in the development process, e.g. concurrent 
engineering between supplier and automotive manufacturer or 
between different departments at one or more automotive 
manufacturers.  

The concept will be useful for hardware-in-the-loop, 
software-in-the-loop and real-time validation during test 
sessions. Using the system from early product development to 
validation of pre-production systems at the test sessions is 
possible. 
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8 LIST OF TERMINOLOGY 
DRTSV “Distributed Real-Time Simulation and 

Visualization” 

MBS “Multi-Body Simulation Analysis” 

PD  “Product Development” 

CAE “Computer Aided Engineering” 

DCE “Distributed Collaborative Engineering” 

UDP “User Datagram Protocol” 
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Abstract: The increasing complexity of embedded systems 
in the automotive industry calls for more efficient testing and 
verification processes early in the development phase. This 
paper presents a visualization application for distributed real-
time vehicle validation. Real-time data from vehicles are 
transmitted via wireless network from the test track to a 
simulation framework. The processed data from the simulation 
are distributed to multiple web-based visualization clients. The 
Java based client presents data in a rich 3D environment, thus 
enabling non-experts to understand the dynamic behavior of 
complex vehicle systems. This application will contribute to an 
enhanced validation data presentation and the ability to 
collaborate in a distributed real-time virtual environment. 

Key words: Virtual environment, distributed simulation, 
collaborative environment, real-time visualization, automotive 
validation. 

1- Background 

Due to the increasing complexity of embedded systems and 
software in vehicles, the automotive industry faces an 
increasing need to test and verify components and subsystems 
under realistic conditions. At the same time, vehicle 
manufacturer development cycles must be shortened to be 
competitive on the global market, and an increased amount of 
testing and verification must therefore be performed in less 
time. However, simply increasing the testing volume can be 
prohibitively costly, meaning that testing and verification 
processes must be made more efficient.  

Since suppliers and subcontractors from all over the world 
frequently need to be involved in the testing and verification of 
vehicles, developing sophisticated methods and tools for 
distributed validation and simulation is necessary as well as 

incorporating these tools and methods into the overall 
framework for distributed product development become 
necessary. Vehicle testing, like winter testing, is often 
dislocated from the actual development centers, creating an 
even greater need for distributed technology support. The 
verification process of winter testing can be reduced if 
working in a real-time environment which will accelerate the 
product development process due to its real-time nature, and 
promote instant analysis of measurement and simulation 
data. To further improve the testing and validation process 
requires an application that can follow the validation and be 
capable of visualizing a multitude of data in real-time [NL1]. 

Winter testing facilities need to have the necessary wireless 
local area network (WLAN) infrastructure to work in a real-
time environment. By using WLAN at the test tracks, live 
measurement data can be sent from vehicles at the test track 
back to the development site of the manufacturer for analysis 
and visualization, in real-time if desired. The possibility to 
share and view data in real-time from the test track will 
significantly reduce costs and lead-times for vehicle 
manufacturers. [NL1] [T1]. 

1.1 - Industry needs 

Because engineers and decision makers are geographically 
dispersed during winter testing, a distributed environment 
that enables collaborative work in a virtual environment is 
needed. To increase the availability and decrease the Total 
Cost of Ownership (TCO) the system should preferably be 
web-based and available on a multitude of hardware, such as 
regular desktop PC’s and Linux/Unix workstations.  

The collected data at test sessions are often displayed on 
tabled data and graphs, making it difficult for both engineers 
and non-experts to understand the behavior of the whole 
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system. Working in a rich 3D environment is needed to 
simplify the presentation, and thus give a better overview of 
the system’s behavior and performance. 

2- Visualization concept 

According to [G1], people perceive information primarily 
through vision. Therefore, if with the help of visualization aids, 
engineers can see the behavior of the vehicle, while seeing 
regular data presented in graphs or tables, more information 
from the test will be perceived. This is why real-time 3D 
rendering of test data is important to implement in the vehicle 
industry. 

2.1 – Current test procedure 

A typical test scenario consists of a numerous distributed 
groups of expertise. The groups are decision makers, system 
experts, test drivers and test entrepreneurs, all who have to 
work in a collaborative environment. 

At a typical test one or more vehicles are driven at the test 
facility. During the test different types of sensors record and 
sample data from the test-drive. Logging of the data is done 
independently in each vehicle and the data are gathered from 
the vehicles after the session. A system expert will then 
analyze the data, which are often in tabled or graph form. 
Thereafter, the expert will write a report concerning the data 
and the findings of the test. The test process is quite sequential 
and the test scenarios are conducted in steps; test driving, 
analyzing the data, writing a report and decision-making.  

Several problems can occur during the steps of a test day, such 
as during the test drive when the sensors are recording and 
logging data, the test drivers do not receive any direct feedback 
of the recording process. A problem during the test drive is 
only noticed during the gathering and analyzing of the test 
drive data. The problems can range from failing sensors, 
systems and human errors. Because the test drivers do not 
receive any feedback, they do not have the ability to directly 
change the test drive or the system to analyze the situation.  

The system’s expert has to wait until the test drive is finished 
before he can start analyzing the data. If the system’s expert 
finds something that may need further testing, a new test drive 
with the same situation must be conducted the following day, 
which can be difficult. It is hard to reproduce the same 
situation when performing a retest the second time around the 
following day, since the conditions of the test track may have 
changed. 

2.2 - The future test procedure  

The approach taken in this work is to create a distributed real-
time visualization application as a tool for vehicle tests. The 
idea is to create an optimum application for automotive testing, 
where engineers can work in a distributed environment. 

In our test scenario the test drivers log-on via their laptop to a 
secured website where the visualization application is hosted. 
The sensors on the car log data locally as well as transmit data 
via WLAN to a data management server, see Figure 1. During 

the test, the driver follows the test virtually on his laptop in a 
3D environment. The application gives feedback of the data 
transmitted from the sensors and the result of the actual test. 
The direct feedback not only verifies for the test driver that 
the actual test is being logged, but also gives the test driver 
the ability to see the result of the test in 3D. The test driver 
can directly find extreme system behavior and potential 
errors due to direct feedback of the results. Preferably the test 
driver is in a direct link with other test drivers who also have 
the same application to discuss and verify results. 

Figure 1: Future Vehicle Validation. 

During the test the system expert monitors the test drive. Due 
to the easy-to-understand nature of real-time 3D 
representation [G1], the system expert can directly analyze 
the test data [NL1]. The system expert is also preferably 
connected via direct link to the test driver, so that they can 
discuss and analyze the data. Based on the analysis the 
system expert can conclude if a retest during the same 
conditions is required. The system expert can then directly 
instruct the test driver of the issue and order a retest from the 
test driver or one of the concurrent test drivers located in a 
similar location.  

Due to the distributed nature of the application the location 
of the system expert is irrelevant. Another benefit of the 
distributed paradigm is that the system expert can invite 
other experts from other locations to directly verifying or 
discussing a problem without the need to stop the actual test. 

For important decisions during the test the decision maker 
can be invited to render a decision about the findings during 
the test, such as increased budget for further research and 
testing. 

2.2.1 – Distributed  

With advanced 3D engines, such as AgentFX™ [A1], Java 
[J1] is a natural choice when creating web-based distributed 
environments. Due to the platform independence of Java an 
application can be executed on any computer regardless of 
operating system and CPU. Java also provides manage 
memory architecture which makes development phase less 
error prone.  



Virtual Concept 2006                                                                                                          Vehicle Validation Visualization 

VC_InCo2006_P56 -3- Copyright Virtual Concept

An example of an optimum application is when engineers do 
not have to be on site, but instead can follow the test from their 
home office, reducing the total cost of testing (TCT). It is 
possible with the use of Java to web distribute a complete 
application through the use of Webstart™ [J2]. With 
Webstart™, a complete Java application can be hosted on a 
secure web server. To access the application the user logs-on to 
a secure web server via a regular web browser. To start the 
application the user clicks on a link to the application, which is 
automatically downloaded and cached on the client. The 
process of web distributing removes the need to install a 
certain application on every client, and enables to ad-hoc invite 
external users. By removing the regular save, save as command 
for local storage, and replacing it with automatic persistence to 
a back end server, a user can access its current workbench 
anywhere in the world regardless of computer. 

2.2.2 – Data acquisition 

During the test sessions CAN-bus data are recorded from 
vehicle to data acquisition devices like Host Mobility MX-16 
[H1], Ipetronik Data Logger [I1] or of a similar type with built 
in WLAN. In test facilities with WLAN infrastructure it is 
possible to send data directly from the test vehicle, and thus 
possibly view data from the car in real-time. This data can also 
be used to perform simulations in real-time, as further 
explained in 3.2.3.  

A telematic test range was built in northern Sweden at Arctic 
Falls as a testing ground that facilitates distributed data 
acquisition from vehicles. This type of test facility makes it 
possible for automotive manufacturers and suppliers to 
perform distributed real-time validation of their products. [T1] 

There are a number of different test scenarios concerning 
vehicle validation, all of which need to be accounted for in a 
vehicle validation application. The visualization application 
has to be able to present data from vehicle dynamics, climate 
control, vibration, etc., and therefore handle different types of 
inputs. 

2.2.3 – Simulation 

Simulation during product development and validation 
processes has to be used more and more efficiently. Simulation 
software enabling real-time performance is constantly 
evolving. This allows us the use of MBS software to simulate 
the dynamic responses of the vehicles behavior in real-time 
with input from the vehicle at the test site, and give engineers 
more information of the vehicle’s performance. For example, 
the normal forces acting on the tires and the distribution of the 
forces on the four wheels can say a lot about the vehicle’s 
stability and performance. And this is impossible to measure 
on a moving vehicle in real-time; hence, real-time dynamic 
simulation software is a necessity. 

2.2.4 – Present graphics possibilities  

The graphics market has seen an explosion in FLOPS the last 
decade. The market is driven by the ever-increasing demand of 
realistic environments in the entertainment industry, where 
visual quality meetings exceeding what was once only 

available in blockbuster movies are now common in modern 
3D games. Standard PC has replaced the workstation as the 
best for real-time 3D content. 

Today, triangles are the de-facto rendering real-time graphics 
primitive, as opposed to complex surfaces such as NURBS. 
Luckily, most modern Digital Content Creation (DCC) tools, 
such as Autodesk Maya [A3], support ways to take CAD 
models like STEP files and convert them to triangle models 
for more suitable real-time purposes.  

With the introduction of programmable GPU hardware it is 
now possible to create lifelike realistic surfaces. The use of 
advanced rendering techniques can be used to introduce 
visual clues often needed to determine distances, material 
properties, etc. 

2.2.5 – Rendering possibilities 

We have the ability with 3D engines to display a complex 
object in a virtual environment, since we work in a 3D 
environment and are not limited to static positions, and can 
therefore offer a number of viewpoints such as free flight 
camera, drivers view, bird’s eye, etc. We also control the 
projection and can offer the user different projections, e.g. 
orthographic or perspective depending on the situation. The 
complex objects can be further enhanced with textures to 
display surface attributes or to code measurement data on the 
vehicle, e.g. temperature distribution in the vehicle. 

The image can be further enhanced by advanced lighting 
equations, such as per pixel phong shading that simulates a 
material’s ability to reflect direct light [B1]. To enhance the 
visual appearance of materials such as chrome, 
environmental mapping techniques can be used to create 
realistic reflections [M2][WD1]. The depth perception can be 
enhanced with real time shadow techniques like shadow 
maps [R1] and shadow volumes [AW1], see Figure 3. The 
hierarchal structure can be used to visualize the chassis roll, 
pitch and squat with reference to the ground. 

With the use of programmable shader, we can create surfaces 
that dynamically change on input. The input can be linked to 
sensors, simulations or be user controlled. 

We also have the possibility to set up a clipping plane, thus 
allowing the end user to look at the interior of a car. By 
combining the complex 3D graphics with informative 2D 
overlays we can create an informative environment where we 
can follow test drives, see tabled data and still work in a 3D 
environment. 

The environment can also be augmented with informative 
data, such as billboard and icons, for failure detection and 
display information of censors, or as in Figure 4 where the 
force on the tires is displayed as force axis. 



Virtual Concept 2006                                                                                                          Vehicle Validation Visualization 

VC_InCo2006_P56 -4- Copyright Virtual Concept

3- Framework 

Figure 2: DRTSV framework. 

The framework uses software that automotive companies 
already have licenses for, reducing the investment costs. They 
are also familiar with the software which makes it easy for 
them to implement within the organization. Figure 2 shows an 
overview of the Distributed Real-Time Simulation and 
Visualization (DRTSV) framework. 

3.1 - AgentFX™   

AgentFX™ is an advanced polygon based scene graph 3D 
engine dedicated to high quality real-time 3D graphics. 
AgentFX™ offers advanced 3D rendering capabilities such as 
picking, clipping planes, programmable shader and shadows. A 
unique advantage of AgentFX™ is that the user has complete 
control over the rendering process, allowing the creation of 
advanced user interface, with 2D overlays and augmented 3D 
views. With the use of COLLADA [K1], AgentFX™ can 
import models from a large selection of DCC tools. 

Figure 3: Example of advanced 3D rendering, shadows and 
carbon fibre texture. 

3.2 – MATLAB/Simulink 

MATLAB/Simulink is used as the communication interface 
between VI-Car RealTime, the visualization tool AgentFX™ 

and the real-time data input from the car. The Simulink 
model collects input data to the real-time model from the 
car’s CAN-bus (Steering, wheel speeds etc.). Simulink 
passes the data onto the MBS solver for dynamic calculations 
of the RealTime model. The MBS solver then passes the 
results back to the Simulink model, which packs the data 
needed for visualization into units suitable for network 
communication, and then sends it to the visualization 
application; See Figure 2. 

3.3 – VI-Car RealTime 

A formula SAE car was modeled in ADAMS/Car and 
exported to VI-Car RealTime. The ADAMS/Car model has 
71 degrees of freedom (DOF) and the VI-Car RealTime 
model has 16 DOF. The RealTime model does not have 
linkages or bushings, and its steering system does not have 
parts for the steering wheel or rack. Instead, the model 
requires input parameters from, e.g. Kinematics and 
Compliance (K&C) test machine or data virtually obtained 
from the ADAMS/Car simulations. This makes it possible to 
run the dynamic simulation faster than real-time [M1]. 

3.4 – Architecture 

The architecture of the DRTSV concept consists of 
MATLAB/Simulink, VI-Car RealTime and AgentFX™. 
MATLAB/Simulink receives data via UDP from the 
vehicle’s CAN-bus, which are modified and sent to VI-Car 
RealTime solver via socket port. VI-Car RealTime calculates 
the dynamics of the vehicle and outputs various data to 
MATLAB/Simulink, e.g. vehicle and tire positions, forces, 
speeds, etc; see Figure 2. The data are processed in 
MATLAB/Simulink and passed to the AgentFX™ 
visualization application where the vehicle is rendered in a 
rich 3D environment. Additional data like contact forces on 
the wheels are also displayed with arrows that represent the 
X, Y and Z forces on the wheel (see Figure 4). The 
visualization application can be reached anywhere in the 
world through a web browser due to Java web start. 

The application communicates over a custom UDP protocol, 
where the data are transmitted to the test client. The client 
streaming network is implemented on the Apache MINA 
network environment [A2]. MINA extends the Java’s own 
network API and acts as a Rapid Application Development 
(RAD) tool for server/client development. 

The test data can be recorded and stored. The system offers 
automatic persistence, where every clip is stored in a back 
end database and searchable on time, event or user. By 
removing the regular save, i.e. save as command for local 
storage, a user can access its current workbench anywhere in 
the world regardless of computer. 
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4- Visualization prototype 

Figure 4: Prototype of the V³ application. 

The prototype of the visualization application V³ consists of 
one dynamic handling overview that is visualized in a rich 3D 
environment. The application can be further enhanced with 
plug-ins for handling temperature, sound, vibration and other 
areas of interest. Figure 5, shows an example of how a user 
modified dynamics overview can look like, multiple views and 
data representation in graphs to the right. 

In the dynamic handling overview the user can see the force 
distribution, displayed with red arrows, on each tire. The force 
distribution is also listed in a force table in the upper right 
corner of Figure 4. When reaching a certain amount of 
slippage, the vehicle’s tires will turn red to indicate that the 
threshold has been reached. A blue arrow will indicate where 
the vehicle is heading and become elongated as the vehicle 
increases speed. 

Figure 5: Example of future V³ application. 

An example of possible plug-ins, the user can add temperature, 
sound and vibration overviews to the application. In the plug-in 
the user can control a clipping plane through the 3D model to 
see the distribution of temperature, sound or vibration. The 
user places control points in the model that are located in the 
same positions as in the real vehicle. Data will be sent from the 
real vehicle to the visualization application and the value of the 

specified point in the 3D model will be interpolated between 
each other to form a color scheme in the clipping plane. This 
will help the user view the distribution of temperature, sound 
or vibration in the clipping plane of the whole vehicle. 
Törlind [T1] explains this in a similar fashion. 

5 – Future application 

The visualization application will hopefully be tested in a 
real vehicle validation expedition in northern Sweden during 
the winter of 2006-2007, along with the need for additional 
functionalities in the application to be examined.  

The possibility to present and visualize data from multiple 
test sessions in the same application will simplify the work 
process concerning distributed vehicle validation. The 
application must also be prepared for future test scenarios or 
customer specific scenarios, since it must be open for the 
customer to add their own layout of test scenarios. 

Other areas besides the automotive industry that can make 
use of the visualization application will be examined, e.g. the 
mining industry to monitor their vehicles. 

5.1 – Future rendering possibilities  

The current generation of the GPU has been dedicated to 
rendering polygon data. The pipeline is highly optimized at 
handling triangles [G2]. However, triangle based models are 
not directly compatible with many of the CAD surface based 
models without the need of an intermediate step through a 
DCC tool. With more complex surface based models the 
triangle count can be become huge and result in heavy 
loading times and memory requirements. Large GPU 
manufactures have suggested that the graphics pipeline will 
be extended with a programmable geometry step with the 
release of OpenGL 3.0 [K2]. Whether this step will bring 
acceptance of more complex surfaces in real-time 3D 
graphics remains to be seen. 

6 – Conclusions and discussion 

This paper presents a Visualization application (V³) for 
Vehicle Validation. The application will contribute to 
enhanced validation data presentation and the ability to 
collaborate in a distributed real-time virtual environment. 
The visualization application will also help engineers see the 
behavior of the vehicle and in the same time see regular data 
presented in graphs or tables. 

The V³ application can also be used during Hardware-In-the-
Loop (HIL) simulations where the systems engineers want to 
se the behavior of the car running on the new hardware and 
software. With the V³ application the embedded systems 
engineer do not have to be located at the same place to see 
the results from the HIL simulation, they only need to log in 
via the web to see the simulation in real-time. 

With the use of Java, it is possible to web distribute a 
complete application through the use of Webstart™. With 
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Webstart™ a complete Java application can be hosted on a 
secure web server. The process of web distributing removes the 
need to install a certain application on every client, along with 
enabling external users to be invited ad-hoc.  

The use of Matlab/Simulink together with VI-Car RealTime 
allows for all data and data communications to be handled as 
well as simulate vehicle dynamics faster than real-time. The 
software’s are also already used in industry, making it easy for 
the industry to start using Distributed Real-Time Simulation 
and Visualization. The combination of using Matlab/Simulink 
and VI-Car RealTime together with AgentFX™ has proven to 
be a successful combination. From the initial testing we see 
that the V³ application gives the user a better overview of the 
system’s behavior.  

We suggested an optimal application where the engineers and 
decision makers can work in a distributed real-time 3D 
environment. With the V³ application, we have made this 
possible. The remaining task is to validate whether the V³ 
application can enhance the future test procedure. 
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8 – List of terminology  

V³  Vehicle Validation Visualization 

WLAN  Wireless Local Area Network 

TCO  Total Cost of Ownership 

CAN  Controller Area Network 

MBS  Multibody System 

DCC  Digital Content Creation 

UDP  User Datagram Protocol 

API  Application Programming Interface 

RAD   Rapid Application Development 

DRTSV  Distributed Real-Time Simulation and  
  Visualization 

TCT  Total Cost of Testing 

HIL  Hardware-In-the-Loop 
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Collaboration in automotive winter testing 
Real-time simulations boosting innovation opportunities 
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Technology 

Introduction 

In the northern part of Sweden the winter season starts in November and lasts 
into March, temperatures in the range of - 40 degrees Celsius are common in some 
lower areas [1]. The natural asset - cold weather - is considered as a possibility and 
has become a backbone in many companies’ business concepts and particular in 
services for winter car testing. The four municipals, Jokkmokk, Arvidsjaur, Arjeplog 
and Älvsbyn, constitute a vast region where collaboration is important to support the 
automotive test industry [2]. The collaborative effort takes place in terms of 
providing overall services surrounding the test industry, in terms of for example 
logistics, accommodation, food and leisure activities. Within this region, a number of 
automotive winter test service companies are established.  

The area is sparsely populated, but this fact is also turned into a potential to 
provide added value for the testing industry. Besides many kilometers of a wide 
variety of low traffic public roads and ice tracks on natural lakes, huge proving 
grounds especially designed for automotive winter testing are provided for testing of 
cars and components [1][3],[4].  

In this setting, the automotive test entrepreneurs’ services are vital in the 
collaborative efforts in the design and development of cars, e.g., automotive 
manufacturer and suppliers. Automotive manufacturers, i.e., Original Equipment 
Manufacturer (OEM), are for instance, General Motors and Fiat [3]. Suppliers, in 
this case, are usually those who provide main parts, i.e., Tier 1 suppliers, meaning 
that they, in turn, purchase components from small part makers. Examples of main 
part providers are Haldex [3], Knorr-Bremse [4], TRW Automotive [5], Bosch and 
BMW with own test facilities. Automotive manufacturers in the United States are 
reducing the number of suppliers to compensate for lower market share. For 
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example, Ford is halving the number of suppliers from which they buy seats and 
wiring [6]. Furthermore, Ford has identified 43 suppliers for close collaboration, 13 
of those have been contracted on a long-term basis or where contracts already exists 
these has been extended over many years [5]. This closer collaboration might be an 
incitement for investing in technologies for knowledge sharing. Besides enhancing 
the product development process, additional knowledge might support innovations. 
Today, instead of providing parts similar to their competitors and relying on one or 
two automakers, successful suppliers focus heavily on innovation and on 
collaboration with a number of manufacturers on a global market, [6]. Due to the 
possibilities to visualize whole processes, the use of simulations seems to support a 
‘seeing first’ approach [8] to innovations.  

The performance of cars has during recent years become increasingly dependent 
on complex electronic systems used especially for safety but also comfort, 
performance and informatics. Automotive winter testing activities in northern 
Sweden is vital to test and try out those systems. A contradiction to increased 
performance is that faulty software also causes 30 % of severe malfunctions in the 
functionality of the car [9]. To deal with these problems, as early in the design 
process as possible, innovative methods to cope with digital abstraction and the 
physical world in a unified way seems promising. One useful approach, in 
automotive winter testing, might be to support the possibilities for real-time vehicle 
simulations of the car in motion.  

Thus, the purpose of this paper is to describe an as-is scenario and a to-be 
scenario for automotive winter testing to highlight how the use of real-time 
simulations facilitates innovative methods.  

Functional Product Innovation – a framework  

A framework for the plausible to-be scenario is found within a Functional 
Product Innovation (FPI) vision. The vision is a joint academic and industrial 
construct to capture a widening in view among manufacturing companies, the view 
widens from focusing mainly on the physical artifact to also entail a view on product 
development where the performance of the physical product is provided as a service. 
The goal is to take cross-company knowledge domains of engineering, business and 
production into account in the design phases. This vision puts an emphasis on 
additional knowledge and information in early design phases, for example 
understanding of the actual use of the product and the environment where it is going 
to be used is important, since these aspects needs to be designed into the final 
product. Life-cycle perspective and close cross-company collaboration in the design 
and development of products constitutes a basis for realization of FPI. The 
collaborative efforts and widening in view are thought of as a facilitator for 
innovations to arise. Furthermore, a simulation-driven approach in early phases to 
support decisions in product development, by the same token, try out those solutions 
in numerous of what-if business scenarios, is also included in the vision. Mintzberg 
and Westley [8] write; “…As Mozart said, the best part of creating a symphony was 
being able to see the whole of it in a single glance in my mind” (p.90). A ‘seeing 
first’ approach [8] is vital in an innovation process and visualization is an 



Collaboration in automotive winter testing 3

underpinning idea in presentation of simulation result. As a complement to 
validation, the early use of simulations is thought of as supporting a virtual structure 
to combine and recombine knowledge from the collaborative partners. 

Innovations - a wider perspective  

An understanding, we are not attempting for a definition, of the word innovation 
seems a useful starting position for this paper. The word innovation is used 
oftentimes as new physical artifacts or commodities, i.e., new things, which has 
reached a market and satisfy some sort of needs. In a FPI context, the extended 
product definition adds new services to the word innovation. In turn, in the service 
performance, the users of the service act as co-producers in the development process. 
Hence, new processes and new methods to carry out design activities arise and can be 
included in the word innovation. Such a collaborative product development brings in 
the qualities new knowledge and new ideas into the understanding of the word 
innovation.  

The word new can here be interpreted as in beforehand ‘poorly understood’ or 
‘unknown’ and as a fact, exceeding what was intended from the beginning, thereby 
understood as innovation. The frame for discussing innovations in this paper is 
delimited to new methods.  

Method

In general, empirical data for the study presented in this paper has been generated 
during informal and formal meetings with companies in the automotive winter 
testing industry. People from OEM, Tier 1 suppliers and service entrepreneurs have 
been involved in these meetings. The form of data generated by participation in these 
meeting is mainly qualitative, e.g., an interpretation of something in the context 
where it occurs [10]. Due to the participative approach, this study might be described 
as related to action research [11]. 

A survey, for generation of both quantitative and qualitative data, has been 
performed in addition to this, also including all three levels of actors. The qualitative 
part result of this survey is used in this study to build the as-is scenario and to discuss 
the to-be scenario, as well as a complement to the findings in the meetings. The 
results from the survey as a whole will be presented in a forth-coming paper.  

The technological set up for simulation to support collaboration is built on the 
work of Larsson et al [12], Larsson and Larsson [13] and Törlind [14], and an initial 
technical description for real-time simulations can be found in Nybacka et al [15], 
[16]. 
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Automotive winter testing facilities – views from the actors 

Compared to their competitors, entrepreneurs in the northern Sweden test region 
highlight “relatively stable winter” and “big areas on lakes for ice tracks” as 
important advantages to provide and enhance the test services. Moreover, 
entrepreneurs think that the ability of the locals to speak not only English, but also 
German can be considered as an advantage for the test region as such.  

The entrepreneurs say that the fact that large Tier 1 suppliers are established and 
located in the area is an important contribution to the competitiveness, since they 
attract OEMs to accommodate their automotive winter testing activities in the region. 
One entrepreneur says that “firmly established big Tier 1 suppliers function as a 
magnet for the OEMs”. The entrepreneurs perceive the transportations of cars from 
other parts of the European Union as easy, but they also consider the poor travel 
possibilities for people (flights and long distance to the testing area) as a negative 
aspect. The entrepreneurs bring together sub-contractors who are directly involved 
with working to keep the test tracks, etc. in good condition, along with additional 
firms that provide added value to leisure time, e.g. firms that provide snowmobile 
safaris or dog sleighing tours. The entrepreneurs perceive a risk in that the increased 
leisure events take capacity from the test activities.   

In a future perspective of five years, the entrepreneurs believe that they will 
probably sell more services and that the OEMs will join and share test facilities. 
Furthermore, they hope that there will be summer testing and that the test activities 
will continue to positively develop.  

For automotive winter testing in the northern Sweden, Tier 1 suppliers express 
the advantages as having OEMs together. “This enables us to have demos with 
significant number of participants and it also helps collaboration in development 
within customer projects”. One of the respondents expresses that the entrepreneurs 
offer “perfect service” and that they “know what the customer needs” and provide 
well-prepared facilities. Another respondent emphasizes the climate as an advantage 
for winter tests, “Northern Sweden has a climate that is very suitable to winter 
testing. It is guaranteed to get cold, new snow and big temperature variations if you 
stay approximately seven to ten days”.  This is a reason why this respondent prefers 
the northern Sweden test facilities in favor of competitors in Finland and Canada. 
However, the OEMs and Tier 1 suppliers highlight that traveling to the test sites is 
time consuming, and that it is difficult to get hotel rooms, especially with short 
notice.

OEMs and Tier 1 suppliers see changes in the test processes as two-fold. Firstly, 
they forecast a reduction in the number of products, but an increase in the total 
amount of testing hours. This seems likely because, as they express, “more time will 
be spent on each product that should be tested”. Secondly, they see a general 
reduction of testing activities, since tests can also be performed in cold climate 
chambers. However, they find the first trend as plausible because, as one of the 
respondents reflects on changed processes, “I believe that the tests will be 
standardized with well-defined methods, which in turn will reduce the number of 
people needed for the test. With good methods for performing winter testing, I also 
believe that the tests could be outsourced to the entrepreneur. This will reduce the 
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costs”. He continues that if the entrepreneur is hired to perform the tests, the car can 
run “life length test for a longer period and in turn reduce costs and get more value 
from the test season”.

A setting for a component test – a typical case 

 The OEM provides the cars where the test equipment is mounted by the Tier 1 
supplier. The Tier 1 supplier is responsible for the testing as such. When a test is 
accomplished, the OEM receives a test report from the supplier’s head office. 

Typically, the component test involves groups of people performing the test 
assignment. The Tier 1 supplier testing activities take place on site, e.g., on the 
proving ground in the North of Sweden in collaboration with off site staff, e.g., the 
product development head quarters located outside Sweden. On site staff, are for 
example: 

Test drivers possessing expertise about specific components. 
Team leader who coordinates the test sessions and sends or transfer test data to 
home office.  
Mechanics that repair or mount test equipment and extract data from test vehicle. 

Tier 1 supplier off site staff are for example, managers and system experts related 
to the electronic control system, but also engineers and designers. 

The service entrepreneur operates locally on site being responsible for providing 
a purposeful proving ground, e.g., communication, different kinds of tracks, 
preparation of tracks, gas stations, garages, car washes, cold chambers and 
transportation within the area. They are also providing information about e.g., track 
surface conditions (ice tracks on natural lakes changes constantly due to weather 
conditions), weather forecasts, and booking services for travel and accommodation.  

One or more cars are driven at the test facility and different types of data are 
gathered depending on what is under scrutiny, for example data about steering, speed 
and acceleration. The test driver usually change parameters during a test run, 
however, if any larger corrections are needed, the test driver has to pull up to the 
garage and stop the car so that the team can make those corrections.  

As-is scenario – current test procedure 

Different types of sensors record and sample data from the vehicles. The logging 
of data is done independently in each vehicle, and is gathered from the vehicles 
respectively after the test drive. Thereafter, system experts put together and analyze 
the data, which are visualized in tabled or graph form. In general, the test process is 
conducted in steps; test driving, analyzing the data and decision-making, see Figure 
1. Decision about whether or not a new test is needed, is based on what is found. The 
conditions for that new test have to be in resemblance to the previous test. Similar 
conditions are considered as hard to reproduce. The conditions can be according to 
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one aspect or a combination of aspects, for example outside temperature and/or the 
ice surface topology. Finally, the system experts write a report presenting data and 
findings.  

Several problems can occur during the tests, for instance failing sensors, control 
systems and/or human errors. These problems can be hard to notice by the test driver 
even in those cases when they have a laptop computer on the passenger side 
displaying test data. The test driver has to focus on driving the car and cannot 
simultaneous analyze what is displayed. Therefore, despite having a laptop, the test 
drivers may not receive any direct feedback of the recording process when driving 
the car; hence, failing sensors or systems are discovered after the drive. Due to a lack 
of feedback to the test drivers, they do not have any possibilities to directly stop or 
change the test drive, the control system or analyze the situation.  

Figure 1. An example of as-is procedure.  

To-be scenario – discussing a future test procedure 

The way automotive winter testing are performed, a test driver sitting in the car 
driving on tracks and experts sitting outside the car, even though on site, are by its 
nature distributed, i.e., there is a physical distance between the actors. The basic idea 
for a future component test scenario is to create a real-time visualization application 
to support the distributed work technically. By doing so, off site staff at the home 
office as well as other experts from locations all over the world can be included into 
the test sessions in real-time. Since divergent knowledge areas, as well as 
organizations (OEM, Tier 1 and entrepreneur) need to collaborate, the 
communication can be viewed as crossing boundaries. Visualization, or a ‘seeing 
first’ approach to decision-making is supportive when the situation is new [8]. The 
distributed real-time visualization application seems to be a way to support 
collaborative decision-making and enhance the concurrency between activities.  
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The structure for this suggestion for how to support automotive winter testing 
activities is web-based. In Figure 2, an overview for the suggestion is shown. Data 
from the test vehicle are transmitted by a wireless access, recorded and stored at a 
server from which data are retrieved for analyses. The ability to see the result of the 
test in 3D can be provided by the use of advanced 3D engines, such as AgentFX™ 
[17]. A unique advantage of AgentFX™ is that it allows complete control over the 
rendering process, allowing creation of advanced user interface, with 2D overlays 
and augmented 3D views. This capability can support a new test to be set up in a 
similar way as a previous one.  

Figure 2. A structure overview. 

The technical structure and the real-time distribution of measurement data have 
been tried out during a winter testing session at Arctic Falls test track [1]. The 
measurement data were temperature data from the car that were visualized in a 
virtual environment [14]. The framework with dynamic simulation software, 
Matlab/Simulink and Java based visualization application viewed in figure 2 have 
been and are currently further tested in laboratory settings [15][16]. 

In a to-be scenario, the test driver log-on via a laptop to a secured website where 
the visualization application is hosted. During the test, all staff, on site and off site, 
can in a 3D environment follow the test; this direct feedback verifies that the test is 
being logged and analyzes of the test data can start concurrently in a more direct and 
collaborative way. Moreover, the test staff can directly discover extreme system 
behavior and potential errors. Besides representation of data in 3D, regular data 
presented in graphs or tables can be used. On the basis of these analyses, the system 
experts can decide if a retest is required, thus more easily done during similar 
conditions. The system experts can via a link to the test driver give instructions for 
e.g., retest, where 2D overlays and augmented 3D views support setting up and 
performing the test under similar conditions as a previous test.  
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 Due to the direct connection from the vehicle to the server, data can be stored in 
a structured way and also be replayed after the test session. Besides making it 
possible to further analyze a noted problem, the recently logged data can be 
compared with past data.  

In this way, the test procedure has changed from being sequentially performed to 
being performed concurrently with the analyses and decision-making processes, see 
Figure 3. 

Figure 3. An example of a to-be procedure. 

This distributed technical solution supports a new test procedure. Besides, 
probably, bringing with it innovations in terms of both software and hardware 
products, it opens up for new services which the entrepreneurs might provide. One 
respondent, from the Tier 1 supplier and OEM group, have expressed a change in 
testing activities as becoming standardized and with well defined methods. He sees 
that the number of people needed for testing will be reduced and believes that the 
entrepreneur could run the cars for life length test for a longer period. In this way, 
the entrepreneurs become more involved in the actual vehicle tests, and this might 
give possibilities to build up technological capital, i.e., a base for new services, and 
to extend the activities at the test site during the rest of the seasons. 

The respondents have expressed travels as a bottleneck, because of taking too 
long time. A distributed solution enables people to collaborate, but travel less.  

Concluding remark 

In this paper, an as-is scenario has been described and a to-be scenario of 
automotive winter testing has been presented and discussed for the application of 
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real-time simulations as a facilitator for innovative methods. By supporting the to-be 
test procedure with real-time simulations and 3D visualization in particular, the way 
of conducting the tests radically changes. The approach supports decision-making to 
become a more concurrent activity, as well as it facilitates and enables distributed 
collaborative work. Furthermore, the approach raises opportunities to extract rich 
information of vehicle and its systems, which provides a good basis for well 
informed decisions. The connection between the vehicle running the test and the 
development office will be a good base for new future innovation concerning vehicle 
validation and development. In turn, your car will be safer to drive.  

Besides continuing evaluation and verification of this research, further 
considerations on how to apply the principle of distributed work supported by real-
time simulations in other areas are interesting within the FPI vision. In the light of a 
simulation-driven approach, where simulations are thought of as supporting a virtual 
structure to integrate divergent knowledge areas, e.g., business, engineering, 
production, in order to drive product development - how can results from real-time 
simulations drive the design of next generation products and can it be used to enable 
new business concepts?  
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