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Design Meetings enabled by IPS
Case study with Pilot Test Demonstrator in Industry
Ludvig Herman & Jacob Johansson
Department of Industrial and Materials Science
Chalmers University of Technology

Abstract
The automotive industry is constantly growing and evolving to meet the demands
of tomorrow. With this, many new technologies are introduced every year to en-
hance the vehicle development processes with the goal of making every step of the
chain faster, higher quality and more cost-effective. This report investigates the
current practices, challenges and potential advancements in design meetings within
the automotive industry, specifically focusing on the integration of multi-user VR
platforms.

Through interviews with engineers within the industry, we explore how these pro-
cesses are conducted today, the difficulties encountered and the necessity for a collab-
orative multi-user platform. The findings highlight significant issues such as limited
interaction capabilities, inefficient communication and the challenges of remote col-
laboration between global teams. The introduction of a multi-user VR platform
is proposed to address these challenges by enhancing real-time collaboration, en-
abling manipulation of CAD models and improving overall understanding of design
changes.

Due to the multi-user platform being too immature to do a comprehensive study
on, a single-user investigation was made. A comparative analysis of VR and desk-
top simulations through workshops demonstrates the superior effectiveness and user
engagement provided by immersive VR environments. VR simulations offer a more
realistic and comprehensive understanding of assembly tasks, highlighting the real
issues like spatial constrains and reachability which are often overlooked in desktop
simulations. The study’s T-test analysis confirms significant differences in knowl-
edge acquisition and time estimation between the two methods, emphasizing the
potential benefits of adopting VR technology in design meetings.

Keywords: Design meetings, Multi-user platform, Virtual reality (VR) simulation,
Desktop simulation, Automotive industry, Industial Path Solutins (IPS), Case study
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List of Acronyms

Below is the list of acronyms that have been used throughout this thesis listed in
alphabetical order:

AR Augmented Reality
CAD Computer Aided Design
DoF Degrees of freedom
DRM Design Research Methodology
DR Design review
HMD Head-mounted display
IMMA Intelligently Moving Manikins
IMU Inertial measurement units
IPS Industrial Path Solutions
VBE Virtual build event
VIM Vehicle integration meeting
VR Virtual Reality
XR Extended Reality
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Nomenclature

Below is the nomenclature of variables that have been used throughout this thesis.

Variables

X̄1 The first sample mean
X̄2 The second sample mean
s2

1 The first sample variance
s2

2 The second sample variance
n1 The first sample size
n2 The second sample size
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1
Introduction

The �rst chapter of the report aims to explain the background of the topic which
is investigated and shine a light on the reason behind the report. Furthermore, it
contains the research problem and the research question that should be answered
during the study. The delimitations that will have an impact on the research are
also explained to give a full explanation of the project's circumstances.

1.1 Background

In a transition to more digital twins in manufacturing, many technical advance-
ments have been made. Through the PLENUM project, industry wants to achieve
sustainable manufacturing by virtually optimizing design work of production lines.
The intention of XR in this case is to create a collaborative virtual reality by the
multi-user VR platform [1]. The result of the technology could unlock features which
makes collaboration between parties that are in separate places possible for review-
ing and manipulating a visual representation of a design review. Also, collaboration
is e�ciently performed in VR to optimize the task at hand between operators. From
a �rsthand point of view, VR could provide a signi�cant use to train employees, de-
sign workstations, marketing among other things.

Industry 4.0 will bring a higher accuracy for advances in manufacturing. By building
virtual models, the design phase could be more precise by getting digital con�rma-
tion on decisions. With digital twin and the available visual aid Augmented Reality
and Virtual Reality, gives a realistic perspective for engineers to make decisions on
work design and operators the availability to train their skills even before getting
familiar with the actual real-world operation. These two advanced visualization
tools are very functional when it comes to sharing knowledge and getting a feel of
the operator's intuition [2]. An exciting potential lies in the ability to digitize the
early product development phase. Where areas such as ergonomics, manufacturing,
assembly, and maintenance could make use of immersive virtual reality in a design
review to o�er a more elaborated analysis [3].

Virtual Reality can provide a basis for the end users needs, which in this case for
the report would be the assembly station operator. It is crucial for the designer to
develop an understanding and empathy for what is necessary for the operator to be
able to do the task comfortably. VR has proven to be a reliable tool to understand
these needs. Therefore, the contribution that VR brings has a major in�uence in the
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1. Introduction

designer's work to create a suitable design that ensures quality, safety, and reliability
for a process [4].

A company in the vehicle industy want to maximize their use for simulation tools.
To do so, the intent would be to �nd a collaborative way to perform simulations
with both VR and the usual simulation depending on what is more appropriate.
This would preferably lead to minimizing the grey area where assumption must be
made or the designing in the real world, which could lead to expensive changes.
Previous studies have shown that companies are interested in these abilities in soft-
ware. Many suggestions to increase value to the development process was to create
a virtual tool for intuitive and visual aid [5]. Furthermore, the need of a multi-user
platform was also highlighted for stakeholders to interact in an immersive VR space.
Features such as verbal communication and physical presence in form of an avatar
deemed to be very relevant to increase the ability to communicate e�ciently [5].

Since covid the way of working changed to a more �exible approach where employees
are now commonly working from remote locations. This has provided bene�ts to
conduct work despite being face to face with your stakeholders [6]. But in product
development it also arises o few challenges with these new working conditions. In
design reviews where people go through a product development phase, discussing
concerns about design features. Simple tasks such as pointing to speci�c objects,
expressing design change ideas, requesting di�erent viewpoints and ergonomic eval-
uation in manufacturing processes get neglected and e�ciency decreases [7].

Additional participants in the VR space are something people in the industry ex-
pect to increase the use cases of the technology when it comes to design review.
The accessible platform from a remote location could enable more stakeholders to
take part in the deep analysis of the product and therefore unlock a deeper under-
standing between all parties for further actions. The part of being able interact with
people in the immersive virtual reality provided better communication and a better
performance in knowledge acquisition [8].

The e�ectiveness of collaborative VR has been proven in several �elds such as the
industrial industry. Letting people review projects in a virtual collaborative envi-
ronment has increased productivity of tasks like building inspection. Engineering
is one area where users �nd immersive multi-user simulation bene�cial for address-
ing issues. Which underlines the usage of this technology in a professional context.
With these possibilities the technology has extended itself in to collaborating in ar-
eas such as data analysis where the participants can review the same set of data and
communicate with each other. The collaborative feature becomes a contributing
factor that enhances user experience and provides an e�ective interaction [9].

In Horvat et al (2022) [10] their study showed that an immersive environment pro-
vided less identi�cations of issues compared to a non-immersive environment contra-
dictory to the information their theory provided. In another study students showed
indication of being less e�ective in an immersive VR space where more distractions

2



1. Introduction

occurred and distracted them from the main objectives. Which in this case was to
teach the understanding of crystal lattices. The immersive VR was more di�cult
to use which caused a higher time consumption in navigating the environment and
performing the tasks [11].

1.2 Aim

The thesis aims to delve into a transformative potential with the new multi-user
VR platform to optimize work design for assembly stations, this contrasting the
already existing technology enabled by the IPS software. In the work done, creating
a comprehensive framework for the suitability and methodology to use the tool to
develop the design meetings process. Strengthening the precision of the simulation
is also something the thesis aims to investigate with the new features communica-
tion is of essence and increase the versatility of the usage of the platform. Being
able to simulate the physical presence of several actors and the prototype design is
done to create a sustainable design approach to mitigate travel and reducing carbon
footprint. Also, highlighting the signi�cance of fostering an informative feedback
loop to deliver valuable input for the existing features and engender novel features
for further development of the platform.

Integrating multi-user technology marks a paradigm shift in feasibility of packaging
and assembly work aiming to increase quality and e�ciency in design and training
methodologies. The investigation made in this project is also done to seek clari-
�cation in the transition from the traditional ways of working in design meetings
compared to the new approach to underpin method selection in use cases. Further-
more, the importance of explaining complexity, collaborative requirements, realism,
and cost. The project should enlighten practitioners with an elaborate decision-
making framework to assist in their unique context. With di�erent use cases the
goal will be to illustrate how di�erent features and possibilities unlock more func-
tions to develop design meetings and how they are done.

By comparing desktop simulation and VR simulation the thesis aim to provide a
framework over which methods provide the best output to collect information in
an assembly sequence. Through letting people delve in to di�erent methods, data
should be collected on how well that method is ful�lling its purpose. The data
should be analysed and evaluated to create basis for a framework where methods
are distinguished on its advantages and disadvantages. Providing a comprehensive
analysis on the data output for future development.

1.3 Delimitations

In the work of the project the main focus would be to analyze the tool used when
doing an evaluation appropriate to the design meeting. Therefore, it will not be
a priority to delve deeper into an evaluation of certain work designs. Also to take
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1. Introduction

into consideration will be the delivery date of the software since it's predicted to
be available week 16 leaves the uncertainty of the timeframe of conducting these
experiments. Depending on the time available the test will be designed to cover
as many relevant aspects as possible to get a cohesive study and basis for further
development. The function list involved in the project is basis for what should be
evaluated in the software and the functions that is requested by Zeekr Technology
Europe will be the prioritized delivery for the thesis.

1.4 Research Problem

The multi-user platform will give an interactive environment where people can col-
laborate within the VR space. To do so e�ectively, the engineers needs to be able
to perform certain tasks directly in the �rsthand experience. Several functions have
therefore been developed to increase the user's ability of what could be done without
exiting the VR space. With these new functions, the purpose would be to simplify
the simulation and increase the authenticity to replicate a real-world scenario. This
project would be to evaluate these functions and the applicability for assembly cases
with this multi-user VR platform and evaluate its possibility to perform collabora-
tive and interactive assembly processes.

Research Questions:
ˆ RQ1 : How is VBE, VIM and DR conducted today and what are the di�culties

performing it?
ˆ RQ2 : How do VR simulation and desktop simulation compare in terms of

e�ectiveness and user engagement during design meetings?
ˆ RQ3 : Why is VBE 3.0 necessary and what challenges does the multi-user

need to resolve?
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2
Theory

The following sections are theory related to this project. Where IPS and its functions
is explained in context to VR and VBE meetings. This to underline the technical
aspects in utilizing IPS to the full extent and reach success in design meetings.

2.1 Virtual Reality (VR)

Virtual reality (VR) is a term going many years back in time, dating back to the
1800s. The technology has evolved a lot since then. What is VR today? In terms of
functionality, it's a simulation where computer graphics are used to create a realistic-
looking world that responds to the user's input. The computer detects user input
and modi�es the virtual world in real time. This creates an immersive feeling when
being able to see things change in response to their command. The modern VR
headsets typically include a stereoscopic display, stereo sound and sensors used for
tracking the pose of the user's head. VR is widely used in the gaming industry but
is also used for other industrial applications like simulations and operator training.
[12]

2.2 Industrial Path Solutions (IPS)

Industrial Path Solutions (IPS) is a math-based software developed by Fraunhofer-
Chalmers Centre (FCC) and Fraunhofer Institute for Industrial Mathematics. It's
used for automatically verifying assembly feasibility, design �exible components,
plan motions, optimize multi-robot stations and simulate crucial surface treatment
processes. Functions used in IPS for this project are explained in the sections below.

2.2.1 IPS Path Planner

A tool that can be used for verifying if assemblies can be correctly assembled. It
automatically generates a collision free assembly path for an object. It's a strong
tool when paired with functions such as shortest distance visualization accumulating
coloring along the motions path, showing areas where the operator would have a hard
time grabbing objects [13].

5



2. Theory

2.2.2 IPS Intelligently Moving Manikins (IMMA)

Intelligently Moving Manikins (IMMA) is a tool in IPS that places the operator in
focus of simulation, represented by a movable manikin. Its movement is calculated
by advanced math, which makes them intelligent, resulting in movements that are
always the most ergonomic, always stable, in balance and never colliding with the
environment. In IMMA you can create a whole family of manikins with di�erent
sizes to be able to represent the whole population with di�erent body types. With
this user-friendly tool, the user �nds a collation free path for both the object and
the humans geometry. In consideration of human diversity, the users are also able
to get ergonomic evaluation [14].

2.2.3 VR in IPS

IPS supports VR and enables the user to step into the simulation to see it outside the
computer screen and interact with objects. VR combined with IPS IMMA makes
it possible to connect a manikin to the VR user which follows the movements of
the human. Paired with �nger tracking and automatic generated grips, this makes
a handy tool for the engineer working in IPS. With the option to record motions
with gliding functionalities the VR room does a great job of mirroring reality [15].
Highlighting di�erent parts is important in a complex assembly. It can be done by
touching the intended part and therefore also get a visual representation over the
active rigid part that now can be manipulated by the controller. Manipulation is
done by pressing the trigger button which attaches the object with the controller
and follows its motion. Release is done by letting go of the trigger button and then
the object gets placed wherever that action is done.

Movement in the VR space can be done in several ways.
ˆ Teleporting
ˆ Stepping backwards
ˆ Turning
ˆ Smooth Locomotion
ˆ Raise/lower �oor

By pressing the trackpad button or moving the joystick upwards a beam lights up
when teleporting. With this the operator can aim that beam wherever they want
to go and by releasing the button this action will take place. Stepping backwards is
done by pressing the trackpad button or moving the joystick to a southern direction.
This is enabled when the Locomotion VR setting are put to teleporting. Turning the
view is done in discrete increments by pressing the trackpad button or turning the
joystick left or right and are disabled when the locomotion is set to none. Smooth
Locomotion can be done by moving the joystick up or down and is enabled when
the Locomotion setting are set to smooth. This gives the operator the ability to
glide along the �oor in the direction pointed. The �oor height can be adjusted when
entering move �oor mode. This is not bound by any controller but enabled in the
SteamVR settings [16].
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2. Theory

2.2.4 VR Equipment

The user puts on a head-mounted display (HMD) that's a�xed to the head. The
HMD comes with displays as sources for the images viewed in VR. Also includes
inertial measurement units (IMUs) to track the user's motions with the head, en-
abling 6-DoF. To be able to represent a real-world scenario, there also needs to be
something tracking the hands of the user, the handheld controllers. The controllers
are tracked and visualized in the 3D space, in IPS the representation is 2 hands to
further actualize the simulation. The available controllers for this project have �n-
ger tracking that's based on built-in sensors. Finger tracking enables more natural
motions when interacting with objects. [17]

2.3 Assembly line in car manufacturing

Companies today are facing challenges such as rapidly changing customer needs
and market dynamics, necessitating shorter product launch times while maintaining
quality. Industry 4.0 emphasizes smart production and products, leading to the
need for quicker rebuilding of production lines. To address these challenges, com-
panies are turning to simulation software to optimize engineering activities, shorten
production line building time and reduce the time needed for building prototypes.
Simulation enables veri�cation of production and product before implementing the
proposed changes, thereby preventing errors in a early stage. The further in in the
development phase that the error is discovered, the more signi�cant the challenges
become when trying to address it, increasing cost and time spent. By using simula-
tion, companies can increase overall production e�ectiveness and competitiveness. It
also enables testing proposed measures before implementation to prevent errors and
gain a better understanding of production processes for proposing changes e�ectively
[18].

2.4 Student's t-test

To understand signi�cance in a small sample from a large population it is possible
to use a method called the Student's t-test [19]. This is an equation that compare
the result of two samples after a experiment is performed on them. This test is
the most e�ective if the assumption is made that data is normally distributed and
samples is assured to be correct. If there is no di�erence in the test result, then the
null hypothesis is determined to be true. The null hypothesis would be that there is
no major di�erence between the two conditions. If the di�erence is signi�cant, then
a contradictory hypothesis, that it is a major di�erence between the two conditions.
The two data sets can be compared with the equation:

t =
�X 1 � �X 2r

s2
1

n1
+ s2

2
n2

(2.4)

Where:
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ˆ �X 1 and �X 2 are the sample means,
ˆ s2

1 and s2
2 are the sample variances,

ˆ n1 and n2 are the sample sizes.

2.5 Di�culties with non-immersive communica-
tion

Being able to use gestures in form of hands, �nger, head, face is a ability that
further enrich communication providing additional information to the verbal com-
munication. Studies on remote non-immersive online meetings that have been made
indicates a lower rate of creative ideas as well as total ideas compared to meeting
generated in a face to face environment [20]. Reason for this was that participants
feared the possibilities of being evaluated, social facilitation, social loa�ng, social
sensitivity to name a few reasons [20]. When the participants of the meeting don't
have the ability to encounter the people in person, social cues was determined to
be abstract and non existing. Therefor people struggled with these aspects when
they could not read people body language as well as provide such communication
themselves [21]. Due to the use online communication tools, di�culties with tech-
nology occured and people experienced frustration with poor camera usages and
microphone di�culties with annoying background noises [22]. Studies have also
showed that engineering students who interacted in a immersive meeting setting felt
a higher social presence and performed better in a immersive setting when the tasks
at hand were education, training and meetings [23].

2.6 Evolution of Virtual Build Event (VBE)

2.6.1 VBE 1.0

The VBE meetings have evolved over the years and will probably continue to do so
with the evolution of new technologies. But the initial version of these meetings,
VBE 1.0, where not very e�cient in terms of technologies utilized. With the use of
Microsoft Teams, the host shared screen and displayed CAD designs on Teamcenter.
The engineers show their parts and explain with words how they plan to assemble
parts, while the rest of the participants must imaginate the path of objects and
tools.

2.6.2 VBE 2.0

VBE 2.0 is the current way Zeekr Technology Europe work on these meetings. To
tackle the di�culties with VBE 1.0, were participants must imagine the paths of
objects, a new software was implemented, IPS. With IPS and the tools within it,
it's possible to plan paths for objects to show how parts are assembled. They can
even add tools and show accessibility with IMMA, grip- and viewpoints. VR was
also implemented that allows the host to enter the simulation and get a �rst-person
view of the assembly, it can for example help with detecting hidden assemblies.
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2.6.3 VBE 3.0

VBE 3.0 are the next generation of how these design meetings could be conducted.
One way of aschiveing this VBE 3.0 is to introduce the multi-user platform with
integrated VR. This enables participants to collaborate in a whole new way, promot-
ing a more immersive and interactive experience. With the integration of multi-user
VR, participants can join the meeting from di�erent locations and interact with
each other and the virtual environment simultaneously. This not only enhances
communication and collaboration but also allows for real-time decision-making and
problem-solving. VBE 3.0 represents a signi�cant advancement in design meeting
methodologies, leveraging cutting-edge technologies to facilitate collaboration, in-
novation and decision-making in the product development process. These advance-
ments is determined to be enabled by the XR technologies, and the extension of the
collaborative tools developed through this project.
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3
Methods

The methodology for this project is theory mixed with practical work, following the
structure of design research methodology (DRM).

3.1 Design research methodology (DRM)

Design Research Methodology (DRM) is a structured approach used in this research.
It outlines various stages and concepts aimed at achieving two overarching objectives:
formulating and validating models and theories about design phenomena, developing
and validating knowledge, methods, and tools to improve design outcomes. DRM
consists of four stages: Research Clari�cation, Descriptive Study 1, Prescriptive
Study and Descriptive Study 2. DRM framework is presented in �gure 3.1. [24]

Figure 3.1: DRM framework
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The stages of DRM: represented by downward arrows indicating natural progression.
Upward arrows signify potential iterations between stages, while horizontal arrows
denote the methods used within stages and the outcomes achieved.

Table 3.1: Research questions answered by the report

Research clari�cation Descriptive study - I Prescriptive study Descriptive study - II
Report Review Comprehensive Initial

The majority of methods used for this project was qualitative studies. Ere interviews,
observations, �eld visits, interactive focus groups, and discourse analysis of virtual
built event at Zeekr Technology Europe.

3.2 Research clari�cation

In the Research Clari�cation (RC) stage, researchers seek evidence or indications to
support their assumptions to enable the creation of a realistic research question, pri-
marily by reviewing literature on factors in�uencing task clari�cation and product
success. They develop initial descriptions of both the current and desired situations,
making underlying assumptions explicit. [24]

The identi�cation of relevant literature related to the topic will be conducted through
using a method called backward snowballing. The �rst step is to identify a set of
papers and evaluate them. These papers will be identi�ed through an online search
using well established databases such as the Chalmers Library Database, Google
Scholar, Scopus and ResearchGate. The search will be limited by several factors:
year of publication, 2019-2024, for more relevant theory with modern technology,
and the vehicle industry. Combinations of keywords relating to one or several of
these subjects will be applied. Keywords such as: Virtual Reality, VR, Multi-User
Platform, Manufacturing and Design Review.

When a set of useful papers has been identi�ed, the papers will enter the snowballing
procedure. Firstly, the identi�cation of the titles will be done to see where they have
been used in the paper. If it's not useful the next reference will be evaluated. If it
could be useful, then that paper will be reviewed. First the abstract of the paper
referenced, then the full paper if appropriate. This procedure is iterative and per-
formed until no new papers are found. The result will be a complete list of several
suitable papers [25]. The literature found will be the foundation of the report and
the background for research question 1.

3.3 Qualitative Study

During the Descriptive Study I (DS-I) stage, researchers re�ne their understanding
by reviewing literature and observing designers at work. They aim to identify factors
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crucial for improving task clari�cation. Despite insu�cient evidence in literature,
they proceed with observations and interviews, revealing issues with problem de�-
nition. Logical reasoning guides their decision to advance to the Prescriptive Study
stage. [24]

For this project, DS-1 stage includes a qualitative study phase that consists of inter-
views with stakeholders for the project and employees at Zeekr Technology Europe.
The objectives here would be for them to provide insight for the experiments, help
with understanding VBE, DR and VIM, old way of working and current way, but
also their expectations for VBE 3.0. Their insight within VR and multi-user plat-
forms varies but is clari�ed by questions regarding their experience.

The semi-structured interviews followed a list of core questions [A] regarding their
experience of VR and multi-user platforms, what functions they believe are neces-
sary and unnecessary. Their current knowledge of VBE, DR and VIM, also, what
they would like to see in the future for these meetings. The interviewers will be
prepared to be �exible in terms of the order in which the topics are discussed and
to let the interviewee develop ideas and speak more widely on the questions asked.
This is to create more open-ended answers �lled with their own ideas. The goal
for the interviews is, as discussed, to help with the experiments' design and provide
valuable insights needed to give well-nuanced answers to the research questions.
Guidelines for the design of the qualitative study were collected from [26] chapter
10. All interviews were transcribed to document the result provide evidence for
claims made. Table 3.2 shows the interviewees reference numbers in the report,
what design meeting they work with and what department they are from.

Table 3.2: Interviewees

3.4 Empirical Study

In the Prescriptive Study (PS) stage, researchers re�ne their vision of the desired
situation based on their understanding. They focus on improving problem de�nition
to reduce modi�cations and shorten design time. Using a design methodology, they
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develop a software tool to support problem de�nition. Initial evaluation shows
correct development, but the tool's e�ectiveness remains unclear due to underlying
assumptions. [24]

3.4.1 IPS Training

The pre-assumptions of the project made an initial understanding that familiariza-
tion is of order to be able to do a comprehensive study on the subject. Therefor
experience in the software is of the essence to conduct the tests and analyze the
result. To achieve this experience, a training program of IPS is undertaken to get
a practical understanding of the software's interfaces and operations. Simultane-
ously empirical testing is done to scrutinize certain features relevant for the project
such as IMMA and path planning. This should also be made sure to seamlessly be
integrated with the VR features to extend the simulation for design purposes in a
virtual environment.

Furthermore, the exploration phase involves the identi�cation of functionalities
within IPS, to incorporate in the project if they align with the objectives for this
study. For testing collaborative multi-user function, validation should be done by
testing an old version of multi-user IPS. This is to ensure the server reliability and
connection settings for multiple IP addresses. Throughout this iterative process
the aim would be to set standards in a protocol for a further purpose to evaluate
the empirical study conducted afterwards on the newly released software. This is
to ensure the ability of the software relevance to the industry and design meeting
overall.

3.4.2 Design of use case

Previous studies focused on �nding challenges with the daily work being conducted
and what tools could be useful in future software. The objective for the demo would
then be to use these obstacles and input to design experiments in IPS. The simula-
tion set-up considers real scenarios where the participants get to try out VBE where
they have access to the new functions with the multi-user platform. To design a
good experiment, an iterative process will be conducted with testing in IPS for both
single-user and multi-user applicability. The scenarios are made to add clari�cation
to certain use cases where the participants use the tool and its new functionality to
make an analysis over the situation.

To generate a broad result and enable testing of several functions, 3 di�erent sce-
narios will be created, see �gure 3.2.
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Figure 3.2: Three Scenarios for multi-user demo,Source: Screenshot from IPS,
"Lynk & Co 01".

The scenarios are chosen together with interviewee 1 and 2 [Table 3.2]. Each sce-
nario are something that has previously been a problem and discussed during design
meetings. This is to create a setting as close to reality as possible and to be able to
compare if the new available tools are more useful.

Hypothesis for the demo: Enables multi-user collaboration and increases communi-
cation e�ectiveness during design meetings.

3.4.2.1 Scenario 1, Engine damper

Scenario 1 is the assembly of the engine damper, see �gure 3.3. The engine damper
is located to the side of the engine and is held by 6 bolts. The challenging part of
the assembly is that there is very limited space. It's hard for the operator to place
it without scratching it against other surfaces. This scenario is interesting because
when doing simulations with path planner on the desktop the sequence looks very
possible without trouble. However, in reality it's a very challenging assembly to get
right without making contact with other parts. The scenario involves testing the
assembly, in VR and with path planning on desktop, then discussing the problem
and solutions.
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Figure 3.3: Assembly of the engine damper,Source: Screenshot from IPS, "Lynk
& Co 01".
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3.4.2.2 Scenario 2, Front window

Scenario 2 is the assembly of the front windscreen. The window is assembled by
2 operators collaborating by standing on opposite sides of the car and placing the
window with the help of suction cups, see �gure 3.4. The hard part of the assembly
is that there are guide pins on each side that needs to align, see �gure 3.5. This
scenario is interesting because 2 operators need to co-operate in order for the wind-
screen to be assembled in a correct way.

Figure 3.4: 2 operators collaborating on assembly of the windscreen,Source:
Screenshot from IPS, "Lynk & Co 01".
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Figure 3.5: Pin on the windscreen (left) and hole in the frame (right),Source:
Screenshot from IPS, "Lynk & Co 01".

3.4.2.3 Scenario 3, Plastic cover

Scenario 3 is the assembly of an plastic cover underneath the car. An operator is
holding up the plate with one hand and entering several screws with the other hand.
This is a hard assembly due to the position and height of the vehicle. The operator
needs to stand under the car and do the assembly at 180cm from the ground. This
causes ergonomic issues depending on the height of the operator. For the demo, the
engineers will evaluate the assembly from the perspective of a person being 150cm,
175cm and 200cm to see how the di�erent heights a�ect the worker.
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Figure 3.6: Operator assembling the plate,Source: Screenshot from IPS, "Lynk &
Co 01".

Figure 3.7: Places where screws are entered,Source: Screenshot from IPS, "Lynk
& Co 01".
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3.5 Single-user investigation

Due to uncertainty of the delivery of the multi-user platform a test on the single-user
platform will be conducted. In order to get a relevant result on this platform, the
objectives will be aimed towards the initial state of the PLENUM project. Were
information about current available methods will be evaluated as well as what they
are lacking in order to reach their full potential.

3.5.1 Design of single-user investigation

There will be 2 workshops with 4 participants each where all 4 people test out dif-
ferent roles during the session. The di�erent roles for the testing are designers and
observers. The researchers act as meeting host and secretary. Participant 1-4 in the
�rst workshop and participant 5-8 in the second workshop, table 3.3. There is a gap
in the knowledge and experience of the participants.

Table 3.3: Participants and their experience levels

Participant Experience
1 VBE, IPS, VR, vehicle industry
2 VBE, IPS, VR, vehicle industry
3 IPS, VR
4 VR
5 Vehicle industry
6 Vehicle industry
7 IPS, VR, vehicle industry
8 IPS, VR, vehicle industry

Before the test, 3 use cases will be prepared with a complete realistic simulation.
The goal is to evaluate the di�erent scenarios and collect interesting data that was
raised during the interviews. The data that should be collected and analysed during
the workshops.

Each person should �rst wear the VR headset to try out the assembly sequence and
navigate procedure in the best suited way for that person. In the next step, the
desktop simulation is shown and everyone observe the simulation to compare the
result with their own experience in VR to see if the same output of data could be
retrieved. The participants will be asked to think and re�ect about the following:

1. Do you fully understand the assembly?
2. Do you understand the challenges with the assembly?
3. How does it feel in you body when doing the assembly?
4. Is it hard/exhausting to do the assembly?
5. Do you see where the parts are placed on the car?
6. Will you have easy tool access for fastening screws?
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3.5.2 Evaluation of single-user investigation

To evaluate this workshop, one researcher will observe the entire session and docu-
ment everything that happens. By engaging in these di�erent types of simulations,
the e�ectiveness and clarity of the information received is evaluated in a survey, to
see if the objectives are a�ected by the di�erence of immersive vs non immersive
simulations.

To collect data from the testings, methods for analyzing user experience will be
used. Its two di�erent methods that is determined useful in this case. During the
experiment data considering the cognitive demand will be collected through the use
of nasa tlx. This score will be compared between the desktop simulation and the
immersive VR simulation. By evaluating the cognitive load of the di�erent work
methods, one could evaluate the more appropriate method for certain tasks. The
analysis is determined to provide insight in the e�ort needed to complete the task
and therefor resulting in an indication on whether that certain method is suited for
the design meeting. Additionally a survey will be handed out after the test which
in a form of the Likert scale. The statements will be collected from the interviews
considering the major contribution relevant for a VBE. Which are the assembly fea-
sibility. The participants will include both experts in the �eld and people with little
to non experience using IPS nor VR tools.

To further analyse the result from the survey, a T-test will be preformed on each
question. A T-test helps in determining whether the di�erences in the survey re-
sponses between two groups (participants using VR versus those using desktop sim-
ulations) are statistically signi�cant. The T-test is e�ective even with small sample
sizes, making it a practical choice for survey data analysis where the number of
participants are limited. This will help in determine which questions to focus on,
where the experiences from VR and desktop simulation deviates the most. Also to
discover if the hypothesis for the study is true or not.

Hypothesis formulation:
ˆ Null hypothesis: There are no di�erence in the amount of information the

participant of design meetings gain when using VR instead of desktop simu-
lation.

ˆ Contradictory hypothesis: There are a signi�cant di�erence in the amount
of information the participant of design meetings gain when using VR instead
of desktop simulation.

3.5.3 Design of Multi-User platform evaluation

This study is centered on the evaluation of a Multi-User platform through testing.
The evaluation process will involve going through a protocol, which has been com-
piled for this purpose. Each function of the platform will be assessed by answering
whether it meets the criteria outlined in the protocol (OK) or not (NOK). The
protocol itself draws from multiple sources, including pre-study interviews, insights
gathered from the PLENUM project, and feedback from software developers. These

21



3. Methods

sources provide valuable input regarding the desired features and functionalities of
a multiuser VR platform. The evaluation will involve testing and assessing each
function listed in the protocol. The goal is to determine the practicality, usefulness,
and performance of the platform's features. Through this systematic evaluation pro-
cess, insights will be gained into the platform's strengths and areas for improvement.

3.5.4 Design of multi-user demo

The participants in the tests will be senior engineers with experience in both product
design and design meetings. All the participants are part of the vehicle integration
department and will be called to the tests in groups of 3 at a time. They are given
a short description of the scenario, what the problem is about and what to evalu-
ate. Then they will be given a framework for how to use the available tools in the
simulation. The participants do the VBE for the current scenario, followed with a
discussion together with the researchers where they evaluate how the problem was
solved using the tools. Participant 1 and 2 will be inside VR preforming the as-
sembly and participant 3 will join from desktop. The roles for desktop and VR will
rotate for each scenario so everyone gets to try VR. Researcher 1 will assist in the
demo, while researcher 2 will take notes.

When all 3 scenarios is done there will be an open discussion regarding the tools
e�ectiveness. The questions to discuss after demo:

ˆ Was the tasks solved in a correct way utilizing the multi-user platform?
ˆ Are there any limitations due to software issues?
ˆ Does the multi-user platform increase the overall e�ciency of the problem-

solving?
ˆ Are there any functions missing that would be useful in these scenarios?

3.5.5 Evaluation of multi-user platform

Transitioning to the Descriptive Study II (DS-II) stage, after the empirical studies,
to assess the tool's impact. To evaluate its applicability and usefulness, focusing on
reducing modi�cation time and time-to-market [24].

The DS-II consists of qualitative and quantitative study and is designed to collect
information used as data later in the analysis. It contains a written list of questions;
each participant received an identical set of questions which gives consistency and
precision and allows processing of the answers easier. The methodology adopted for
the quantitative study involves gathering relevant data about the impact of VBE
3.0. This will be possible by administering an online survey to the participants.
Guidelines for the design of the qualitative study are collected from [26] chapter 9.
For the qualitative part, another semi-structured interview was held again with the
participants after the experiments to further discuss their experience.

If the multi-user are not delivered, the initial step of providing a function list of
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requirements from industry will be the most interesting part. This will provide
information of necessary steps that has to be taken in the development phase to
provide a competitive platform.
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Results

In this chapter the major �ndings considering the research questions will be pre-
sented. The research involved a literature study, a qualitative study, and an empiri-
cal study described in the previous chapter. The research questions are targeting the
potential a multi user platform would have in design work. Furthermore, a compari-
son between VR simulation and desktop simulation is evaluated through a workshop.

The literature study and qualitative study have their major contribution to answer-
ing RQ1 ; How is VBE, VIM and DR conducted today and what are the di�culties
performing it? The empirical study with support from qualitative study gave result
to answerRQ2 ; How do VR simulation and desktop simulation compare in terms of
e�ectiveness and user engagement during design meetings? ForRQ3 ; Why is VBE
3.0 necessary and what challenges does the multi-user need to resolve?

Table 4.1: RQs answered

4.1 Qualitative study

4.1.1 How are the design meetings conducted today

Vehicle Integration Meetings (VIM) are structured around addressing issues
and solutions related to di�erent areas of the car, such as front, rear and interior of
a car. Each area is managed by di�erent team members responsible for that spe-
ci�c module. The meetings involve interactions with various stakeholders, including
team members, suppliers and other relevant parties. Collaboration is facilitated via
tools like Teams. Issues are logged and tracked using a severity rating system, with
severe issues given higher priority on a scale 1-5, 5 being the highest rating (high-
est priority) and 1 being the lowest rating (lowest priority). Discussions focus on
proposing solutions, which may involve simulations, evaluations or adjustments to
the design. [Interviewee 3 and 4, table 3.2]
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Virtual Build Event (VBE) serves as a collaborative platform for engineers to
discuss assembly designs, ensure cross-functional alignment, and validate design de-
cisions through interactive evaluations and assessments. The primary objective of
a VBE is to facilitate collaboration and decision-making among engineers involved
in the assembly design process. By bringing together experts from di�erent depart-
ments, such as System Project Leader, simulation and manufacturing engineers, the
VBE ensures that all perspectives are considered, and potential issues are addressed
early in the design phase. The �rst 3 weeks are for preparing input, deciding on
what to include in the VBE, preparing the 3D data and documentation. The fol-
lowing week there is 1 week for creating the IPS base scene. Simulation execution
is 3 weeks and it's the part where most of the VBE work is done. The engineers
process the model and examine if assemblies are feasible with path planning and
manikins. Lastly there is 1 week allocated for Analyzing results, the big meeting. A
typical VBE meeting spans approximately 3 days, allowing su�cient time for thor-
ough discussions, presentations, and evaluations of assembly designs. This extended
duration enables participants to delve deeply into the details of each component and
ensure comprehensive review and analysis. [interviewee 1 and 2, table 3.2]

Figure 4.1: Typical process of VBE.Source: Collected from Zeekr Technology EU
NPDS.

During the VBE, participants join the meeting dynamically based on the focus of
discussion. When a particular component or assembly is under review, relevant en-
gineers "jump into" the meeting to provide insights, share expertise, and contribute
to the decision-making process. The VBE involves interactive presentations where
parts are visually showcased, participants can view the screen and see what the mod-
erator sees. Throughout the VBE, participants assess the assembly designs based
on predetermined criteria, including:

ˆ Assembly sequence: The order in which components are assembled to form
the �nal product.

ˆ Assembly path: The physical trajectory or route followed during the assembly
process.

ˆ Tool access: Accessibility of tools and equipment required for assembly tasks.
ˆ Ergonomic assessment: Evaluation of assembly processes in terms of ergonomic

considerations to ensure worker safety and comfort.
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Initially, there were largedesign review (DR) meetings where each team presented
their progress. However, the process has changed and now meetings are more fo-
cused on one-on-one discussions, primarily conducted through digital platforms,
according to interviewee [5], [6] and [7], table 3.2. Collaboration with suppliers is
crucial, especially in the early stages of product development. Suppliers provide
valuable feedback on design feasibility and potential manufacturing issues. While
most discussions are based on data and documents, there's recognition of the po-
tential bene�ts of visual communication, especially when collaborating with inter-
national suppliers. Virtual reality tools could enhance understanding and facilitate
communication in such scenarios, but the occasions are few. The communication
during DR is asynchronous. The engineers work with their own product and send
over their CAD �les to others if needed. The DR meetings is used to go over the
overall progress of the work. Mostly verbal, without visual aids.

4.1.2 Challenges with design meetings today

According to interviewee 1 one problem related to VBE is that during these events
people from China is connected through teams from the factory to give their feed-
back. They are limited in their view by only seeing the IPS window and the VR-view
and are not able to manipulate anything. For a better analysis from China they
should be able to enter VR and manipulate objects.

With many issues to address and stakeholders involved, there's a need to ensure
that meetings are e�cient and focused. Time management becomes crucial to avoid
prolonging discussions without reaching satisfactory solutions. Therefore, ensuring
e�ective communication and collaboration among team members, especially when
dealing with cross-functional issues is crucial according to interviewee [4], but it
can be di�cult. It's important for all stakeholders to be on the same page and
understand the implications of decisions made during the meetings. Visualizing de-
sign proposals and understanding their implications, especially in terms of spatial
constraints, thermal considerations, and serviceability, can be challenging. Without
proper visualization tools or VR support, it may be hard to grasp the full extent
of certain design decisions. Interviewee [4] also mentioned his interest in measur-
ing time with the multiuser VR platform. Primarily when it came to serviceability
and disassembly to increase the understanding of accessibility to certain parts of
the design. If this could be done e�ciently a deeper knowledge could be acquired
from a vehicle integration perspective. Since the connection between China and
Gothenburg is very good internet tools should be more integrated in the communi-
cation. According to interviewee 4 its challenging right now in communication due
to the understanding of each other. When the Swedish team speak in meetings the
China department does not listen and when the Chinese department communicate
the Swedish team does not listen. With a collaborative platform these agenda could
be explained together in the VR space to make the points clearer.

"So when we'll be talking, they will not be listening. And when they talk,
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we will not listen. But since we have good network connections and stu�,
we should collaborate in VR. So it's better to it's better in to explain them
in a way instead of just showing the tag you join in the VR. I joined in
the VR I present to you what I mean."
Source: Interviewee [4], table 3.2

Interviewee [3] explains that there are challenges during VIM when navigating vir-
tual environments or interpreting visual representations of design elements. In the
CAD, parts look easily reachable without collation, but when turning the screen in
another angle or zooming out, it's clear that it isn't the case. It can also be hard to
see the real scale of objects when just looking at a 2D-screen explains interviewee
[3]. One reoccurring problem that the participants mention is that it's sometimes
hard to see in simulation programs if it's a hidden assembly, i.e. if you can see the
bolt you are about to tighten. There are also other concerns when planning for the
assembly, when you don't know how tall the operator is. A tall person might not
experience the same forces and strains to the body as a short person.

Figure 4.2 below shows the di�culties performing the design meetings today. The
arrows from VBE and VIM indicate if they have experienced this challenge.

Figure 4.2: Summary of challenges identi�ed during interviews.Source: Interviews
conducted by the research team.

It's important to know that VBE and VIM don't utilize the same simulation tools
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today, hence there are some challenges experienced during VIM that could be solved
by using other tools like IPS. Examples of those are�operator size� and �reach-
ability� . Operator size means that they experience that it's sometimes hard to tell
if a tall and short person would have trouble with an assembly.�Time manage-
ment� is also an issue during VIM meetings according to interviewee [4]. It implies
that it might be hard to focus on the right stu� during the meetings. �Visualizing
design proposals� relates to the challenge to understand the implication of design
changes. For example, how moving an exhaust pipe would impact the space for
other components or if the high temperature from it would melt other plastic parts
adjacent to it.

The struggle with �hidden assemblies� is something they both experience. It's
a common problem when working with CAD where it's hard to determine if the
assembly is feasible for the operator due to other parts being in the way.�Not
able to manipulate� refers to that the participants can only watch the screen
being shared with them. They can't add objects or change the CAD; instead,
they must explain to the rest of the meeting what they want to change. Similar
to that challenge, is �Limited view� . Everyone in the meetings sees the same
screen and can't change the camera angle in the way they want it. This leads to
complications when trying to interpret the CAD and understanding the scale of
objects. Discussion with product owners creates dilemmas where understanding
problems were two di�erent stakeholders have a di�erent view on the same matter.

4.1.3 Needs and wishes for multi-user

For a new car to be developed, several issues tend to arise in the beginning of produc-
tion. During the development phase, production lines are optimized, and communi-
cation needs to be e�cient in assistance to the operator in order to understand the
sequence of assemble when getting new instructions [interviewee 3]. Having direct
contact with people in production across continents is helpful when explaining new
procedures for new products. For the operator to meet with the engineer in a vir-
tual space to explain exactly how parts should be assembled makes the process even
more e�cient instead of them �guring it out themselves or reading di�cult instruc-
tions. In those moment changes can be made in real time if necessary interviewee
[3]. Several interviewees expressed their willingness to collaborate more closely to
their Chinese production plant colleagues since that is not done at a high rate at
the moment. This indication of collaboration would correlate more with training in
VR but as mentioned crucial issues in design could also be encountered at this stage.

The information collected from the interviews was the basis for further testing and
provided necessary input to creating a table with needs and wishes on the multi-user
platform, table 4.2. In order for the multi-user to be successful, it needs to work as
an e�cient communication tool, creating direct contact with global colleagues. It
needs to have an user-friendly appearance with recognizable functions and build in
buttons for easier handling and all participants must be able to manipulate the CAD
to increase overall understanding of each other to visualize design change proposals.
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Table 4.2: Needs and wishes

To further clarify the demands on the new software, the needs and wishes was trans-
formed into two function lists. One list for the user friendliness of the procedure to
use the tools in an e�cient way, table 4.3. Along with a di�erent list that includes
more software functions in IPS and VR space, table 4.4.

Many members of the vehicle integration team are not accustomed to utilizing IPS
in their daily tasks, underscoring the importance of user-friendliness in any new
simulation program. It must have an intuitive interface and seamless navigation,
mirroring the layout and functionality of other CAD software. This familiarity is
crucial for enabling users with limited prior experience with IPS to quickly adapt
and utilize the program e�ectively. Additionally, the process of launching the sim-
ulation, accessing the appropriate CAD �les and connecting to the server should
be straightforward and hassle-free. Converting models to the requisite format and
setting up VR scenarios present signi�cant challenges. The e�ort required for such
tasks may outweigh the potential bene�ts, particularly if the VR showcase pertains
to smaller-scale projects. Thus, simplifying the �le conversion process and stream-
lining VR setup procedures are important. Minimizing the time spent on these tasks
is essential to enhance overall e�ciency and usability.
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Table 4.3: User-friendly requirements

31



4. Results

Table 4.4: Software functions

4.2 Empirical study

4.2.1 Single-user demo

The �rst scenario, �gure 4.3, involved the assembly of an engine damper. Par-
ticipants found the assembly process to be overall quite di�cult. It was notably
challenging to align and place the parts correctly. There was a signi�cant devi-
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ation between the desktop simulation and the real-world assembly. The desktop
simulation made the task appear easier than it actually was, which could lead to
underestimating the di�culties involved in real-life assembly. Participants had the
opportunity for this scenario to physically interact with the engine damper part, as
a physical prototype. This resulted in a discussion about the weight of the part.
Feeling the actual parts allowed them to appreciate the weight and size, leading to
a greater understanding of the real-world challenges. They noted that the engine
damper was quite heavy and in a real assembly scenario, many might prefer to use
both hands to manage the weight e�ectively.

Figure 4.3: Scenario 1, left: desktop view, right: VR view,Source: Screenshot
from IPS, "Lynk & Co 01".

The second scenario, �gure 4.4, focused on the assembly of a front window. Par-
ticipants struggled with visibility, speci�cally not being able to see the far side of
the window, including the second guide pin, which was too far away. This made it
challenging to properly align the window during the assembly process, ensuring the
window remained parallel and correctly positioned. The desktop simulation made
it look very easy in comparison. The VR simulation felt unrealistic for participants
since the real assembly process typically requires two people. Performing the task
alone in VR did not accurately re�ect the collaborative nature of the actual assembly.
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