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Abstract. Virtual Reality (VR) has seen rapid developments in the past dec-
ades. Among the domains where VR has been applied, automotive has been a
pioneer due to the possibility of cost and time reductions derived from the
implementation of this technology. Examples of VR automotive applications
include: (i) manufacturing workstation optimization; (ii) vehicle design; and
(iii) assembly training. A review was conducted in order to understand oppor-
tunities and challenges in the application of VR in the automotive industry. This
paper presents the review process, which encompasses interviews with stake-
holders from an automotive manufacturer to understand their current processes
and ambitions for VR use and a literature search of advancements in VR and
empirical studies. A total of 11 stakeholders were interviewed. Recommenda-
tions are made to address the issues they reported, including: improve depth
perception in VR technologies; use haptic feedback to improve manufacturing
investigations; and provide virtual contexts for evaluations.

1 Introduction

Virtual Reality (VR) is defined as a 3D environment with which people are able to
interact [1]. VR has seen rapid developments in the past decades, mainly due to cost
reduction and an increase in the quality of both hardware and software. Thus, VR has
been applied in several different fields, such as psychology, industry, medicine and
training [2]. Among these domains, the automotive industry has been a pioneer of VR
applications due to the possibility of cost and time reduction from the implementation
of this technology [3]. Indeed, VR has been defined as one of the fundamental tech-
nologies permitting automotive firms to be competitive in this era, where time and cost
reduction are essential requirements [4]. Consequentially, VR is used in several stages
of the vehicle development process such as product design, modelling, simulation,
manufacturing, training, testing and evaluation [4]. The following paragraphs provide
some examples of VR application in the automotive industry.

Regarding manufacturing, VR has been widely applied to the extent that the term
Virtual Manufacturing (VM) has been created. VM is defined as the use of virtual
models or computer aided technologies in the process of developing a product [5] and
has been seen as a revolutionary approach in the automotive industry, permitting firms
to improve decision making and to reduce the cost of the entire manufacturing process
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[4]. Moreover, VM has been seen to enhance the capability of risk measure and control,
and increase firms’ effectiveness in the market [6]. As [5] stated, VM “can easily be
perceived as the next generation interface, as indicated by the current trend in use of
multi-media and network” (p.82).

In the field of design, VR is rapidly replacing the use of physical mock-ups to speed
up the design process [7]. Indeed, the design process is not a continuous procedure, but
it requires various modifications and reviews, causing a “bottleneck” effect [8]. With
the application of VR this “back and forward” process is simplified and can be made
without rebuilding physical mock-ups [9]. Another advantage of VR in design is the
possibility of having multidisciplinary teams with people not geographically close
working together [4]. For example, literature shows that the implementation of VR
systems could permit a “distributed Virtual Reality” [10], where people from all around
the world can contribute together in the design process at the same time, allowing a cost
and time reduction and an increase of quality.

Another example of the advantages that VR has in automotive industries is in
virtual prototyping (VP) defined as the use of VR to develop and design the main
characteristics of a prototype. Studies show that replacing physical mocks-up with
virtual prototypes reduces development time and the cost drastically [11]. This also has
a great advantage in the process of decision-making, one of the most problematic
situation during the developing of a product, especially in the early stages, where
decisions account for as much as 70 % of the total cost of the life cycle [7, 12]. As [12]
stated, VP could improve the total quality of a product.

In the field of training, the results of a review showed that Virtual and Mixed reality
training has a high impact in solving problems and are preferred by the trainees [13].

Another example of how VR is implemented in the automotive industry is Virtual
Assembly (VA). VA is the process where people can assemble and disassemble virtual
products in a virtual environment [14] permitting the analysis of, among other things,
the workers’ well-being. VA has been seen as advantageous in terms of health and
safety for the workers because, by allowing simulations of workspaces, it can reveal
issues in the way workers perform their tasks. Another advantage of VA is the pos-
sibility to speed up the process of implementation of new design methods and tools,
improve products’ quality, and reduce time-to-market and cost [15]. For a complete
review of the advantages of VR in the manufacturing process of a product see [4].

Jaguar Land Rover (JLR) are already using VR in their manufacturing process, and
are a recognized leader in the field of VR in automotive applications. However, given
the fast progress of VR technologies and recent improvements in hardware and soft-
ware, and JLR’s desire to continuously innovate and improve, a review was com-
missioned to help the firm understand the new opportunities and new challenges for
virtual technologies and processes within a variety of JLR business functions. These
included product development, manufacturing and service. This review has been
conducted systematically and benefits from findings from research into the use of VR
tools in a variety of engineering processes. The review process encompasses interviews
with JLR stakeholders to understand their current processes and ambitions for VR use.
These interviews guided a literature search of advancements in VR and empirical
studies which formed the basis of recommendations for development in JLR.
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2 Method

The method is depicted in Fig. 1. The general approach was to scope the review, then
interview VR stakeholders to understand their current processes and ambitions, if any,
for VR use. The results of the interviews guided a literature review on the latest
advancements in VR and the most recent empirical studies to build a set of recom-
mendations for future investments in new technology.

2.1 Participants

A total of 11 JLR employees were recruited for the interviews. The participants were
recruited from a variety of engineering functions with an average of 6.8 years in their
current role (SD = 6.6) and of 16.1 years at JLR (SD = 13.7). All participants were
approached by the researcher based on recommendations from the Virtual Innovation
Centre (VIC) at JLR of people who are currently using VR or who had expressed
interest in using VR as part of their processes.

Initial list of recommendations for VR
 procedures and equipment

Review with stakeholders

Prioritize list of recommendations

Review physical procedures for opportunities to 
optimize JLR processes (based on latest sci/tech 

developments)

Analyze capabilities of 
current JLR technologies 

in the VIC

Scope JLR procedures/
methods to be included 

in review

Obtain details of physical procedures & 
interview stakeholders (& observe procedures, 

where possible)

Fig. 1. Scheme of the research activities
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2.2 Materials

A questionnaire was developed to understand stakeholders’ roles, current processes and
usage of vehicle properties, both physical and virtual. They were asked when properties
were used within the vehicle development processes. Stakeholders were also asked
which aspects of human interaction with the vehicle are necessary for their design and
engineering activities. The questionnaire was divided into 12 topics gathered in 2
categories (Table 1).

2.3 Procedure

Participants were invited to a private meeting room. They were asked to read a
participant information sheet and sign a consent form. The researcher explained
the purpose of the study before asking questions about VR use in a semi-structured
format. The study received approval from The University of Nottingham Faculty of
Engineering Ethics Committee.

3 Outcomes

The outcomes of the interviews analyses are gathered in the following Tables. Table 2
gives a general description of the information extrapolated from the interviews. Table 3
presents the recommendations derived from both the interviews analysis and literature
review.

Based on the information gathered in the table above, the issues reported by the
stakeholders and a detailed literature review on the latest technologies and scientific
findings, a set of recommendations has been developed (Table 3).

Table 1. Division of topics and categories derived from the questionnaire

Categories

Topics Physical Virtual
Currently used physical properties Currently used virtual processes /

properties
Use of physical properties Use of virtual processes /

properties
Important attributes to be demonstrated on
physical properties

Important attributes for virtual
properties

Issues with physical properties Limitations of virtual properties
Users of physical properties Users of virtual properties
Comparisons of alternative design proposals
Comparison to competitors
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Table 2. Summary of the information extrapolated from the interviews

Category Topic Summary of responses

Physical Currently used physical
properties

Respondents use a variety of properties in
their current processes, including a range of
prototype vehicles and adaptations to donor
vehicles (i.e. modified existing production
cars).

Uses of physical properties Physical properties are used for: evaluation of
design intent with engineers, internal
representations of customers and with
external customers; design; communication
(with engineers); and training of production
line operators. A variety of properties are
used throughout the physical development
process.

Important attributes to be
demonstrated on physical
properties

The most important attributes found were
about the vehicles’ appearance and
components, the exterior road scene
(including sound and noise), movements
(such as reach and clearance) and haptic
feedback.

Issues with physical properties The main issue regarding physical properties
is the time to produce them, causing delays
in reviews and evaluations. Moreover, the
physical properties require space and lack
modifiability. Sometimes evaluations are
conducted out of context (i.e. wheel on a
desk).

Users of physical properties The users are usually evaluators and
customers

Virtual Currently used virtual
processes /properties

The three main technologies used at JLR are
Cave Automatic Virtual Environment
(CAVE), a dynamic simulator and a motion
capture suit.

Uses of virtual processes /
properties

VR is used mainly for simulations (for
vehicles architecture, overlaying vehicles,
noise etc.), ergonomic evaluations, design
and reviews.

Important attributes for virtual
properties /processes

Generally the same as for physical properties,
although virtual properties tend to be used
earlier or if there is no physical property
available.

(Continued)
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Table 2. (Continued)

Category Topic Summary of responses

Limitations of virtual
properties

In general the participants observed that there
are some characteristics missing from the
VR systems, such as haptic feedback,
physical collision etc., some issues derive
from comfort (HMD, ergo suit) and other
problems came from availability.

Users of virtual properties All used by JLR experts.
Comparisons of alternative
design proposals

Most interviewees compare design
alternatives, either alternatives for current
programme or comparisons with outgoing
models /competitors.

Comparison to competitors Done using scan data, photographs of cars,
competitor benchmark data, or having
properties sitting next to a representation of
the design intent.

Table 3. Recommendations based on the issues addressed by stakeholders and literature review

Issues Recommendations

Difficulties with depth perception (near
distances).

Use textured background surfaces in virtual
spaces [16]. Use shadows and object
inter-reflections to improve depth
perception Use multi-sensory (vision and
haptic) feedback [17].

Lack of tool weight. Necessity to simulate the
haptic feedback experienced when moving a
component through a complex path.
Necessity of simulation of torques and
lifting weights. Need to investigate complex
ergonomics tasks.

Introduce a haptic arm with force feedback for
complex gross-motor tasks. This should
include force feedback. The system should
simulate vibration, torque and force required
to lift weights [12].

A haptic system should also be developed to
support Design [16].

Sound can be an important component of
switch operation and assembly ergonomics.
Vehicle noise was described as an important
part of vehicle assessments.

3D sound should be provided [6, 17, 18]

With clash conditions, physical feedback is
needed.

Develop whole-body haptic indication of
collisions of human body parts in virtual
environments [19].

Understanding reach is important in all
processes.

Implement a system offering haptic indication
of reach [20–22] .

(Continued)
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4 Conclusion

Progress in VR developments affects several departments and processes of the auto-
motive industry. In order to be competitive, a firm has to be constantly up to date with
the latest innovations, which could make a fundamental difference in terms of product
quality, cost and time saving, and the quality of the workplace. This review was
conducted to support JLR, a leader in the use of VR in automotive applications, in
remaining progressive in adapting recent technology developments and scientific
discoveries.

The outcomes of the interviews with stakeholders revealed some issues in the use
of both physical and VR processes. Regarding VR systems actually used at JLR, the
stakeholders reported some hardware problems (e.g. weight of HMD, difficulties with
the bodytracker suit), some software problems (e.g. issues with depth perception, color
rendering) and other issues derived for example from the time schedule and the site
where technologies have been implemented. To solve these problems the recommen-
dations are concentrated on the enhancement of the existing technologies with new
tools and new characteristics.

A limitation of this study is that only stakeholders who were existing users of VR
systems were recruited to participate in the study. There may be other engineers or
disciplines who could benefit from VR, but who are not aware of its capabilities or how
to access it. However, the primary aim of the interviews was to guide the direction of
the literature review based on the types of assessments being conducted. As many

Table 3. (Continued)

Issues Recommendations

Context is required for component
assessments.

Develop the CAVE to allow components to be
evaluated in realistic vehicle and driving
environment contexts [23].

CAVE could be useful for driver distraction
work

Develop driver distraction assessment
capabilities, including: ability to simulate
behaviour of electrical features, eye
tracking, lane deviation [24]

There are a number of issues with the current
marker-based tracking system.

Investigate the use of a markless tracking
system [25–27]

Need a moving road scene for subjective
experience.

An exterior road scene should be displayed to
users [28, 29].

Physical parts are used to assess air quality;
olfactory simulation could bring
assessments earlier in process.

Provide olfactory simulation [30, 31].

Garish colors in CAD can affect perception Provide realistic colors for parts [32, 33].
There are travel issues to the site where the
VR systems are situated.

Consider networked, low-end 3D VR for
colleagues at other sites [10, 34, 35].

VR training could be used before people go on
track or avoid stopping the line.

Use virtual reality systems for training new car
assembly processes [13, 36].
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recommendations are applicable across disciplines, it is likely that these changes would
benefit new users of the VIC. Moreover, recruiting a representative from every engi-
neering discipline would have been outside the scope of this research.

Acknowledgements. The authors would like to thank Jaguar Land Rover for funding this
research.
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