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Evaluation of a Virtual Prototype of the First Saudi Arabian Car
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Abstract

Recurring, efficient, and widespread use of prototypes can differentiate between successful and
unsuccessful entry of new products into a competitive marketplace. Physical prototyping can be a lengthy
and costly process, particularly if alterations resulting from design evaluation involve tool redesign.
Advanced computer technology enabled the utilization of digital prototypes, i.e. they are virtual rather
than physical. Virtual prototypes witnessed great success in large automotive and aerospace industries. It
is important to assess how representative is the developed virtual prototype when compared to the real
world counterpart, and the sense of presence reported by users of the virtual prototype. This paper
evaluates the representativeness and the sense of presence for a virtual prototype of the first Saudi
Arabian designed car. The virtual prototype is evaluated for various aesthetics and design features in a
semi-immersive virtual environment. The results of the user-based evaluation indicated that the car virtual
prototype is representative of the real Saudi Arabian car and offers a flexible environment to study design
features when compared to its physical prototype.
phenomena, along with the growing ability to
move results between various types of modeling
and analysis environments resulted in improving

1. Introduction

Computer-Aided Engineering (CAE) is a

popular technique that may reduce products the scope of applications, robustness, accuracy,

design’s cycle times and limit the need of costly
prototypes [1]. During product development,
many design and assembly decision issues need
to be solved [2]. Prototypes can provide
solutions to such issues and hence influence the
product development process. The accessibility
and affordability of advanced computer
technology has paved the way for increasing
utilization of virtual instead of physical
prototypes. Virtual Prototyping (VP) is about
presentation and analysis of three-dimensional
Computer-Aided Design (CAD) models before
creating any physical prototypes [1].

Advances in computing speeds and enhanced
models’  representativeness  of  physical

realism, and cost effectiveness of VP [3]. VP
offers several capabilities such as the
development and viewing of three-dimensional
solid models with various colors and surface
textures. It allows for animation of mechanisms,
finite element analysis, ergonomics analysis,

crash testing for automobile bodies, etc. [4-8].

Commercially available VP tools offer the

following functionalities [1]:

a) Mechanical design, e.g.  two/three-
dimensional drafting, sketching and solid
modeling

b) Shape design and styling to deal with
innovative forms and complex shapes
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c) Analysis and simulation solutions including
stress analysis, design optimization in terms
of mass, displacement and principle stresses,
and kinematic and dynamic simulation.

VP builds on top of virtual reality (VR)
technology, which immerses a user in the same
virtual environment as that of model. Jasnoch et
al. suggest that VP consists of three domains:
virtual environment, simulation, and
manufacturing process design [9]. On the other
hand, Pratt states that almost any form of a
computer model will serve for some purpose as
a VP [10]. Presently, most commercially-
available VP applications consider VR an
integral part, due to the fact that VR offers a
sense of presence in the virtual environment,
which can augment the user’s capabilities in
terms of product evaluation. Examples for VP
use include automotive design validation [4],
rapid product development [5], haptics
evaluation of devices with knobs [6], assembly
analysis of cable harness [7], and design and
assembly of connecting rods interactively [8];
among many others.

Prototypes are typically wused for
communication, design development, and design
verification [11]. Zorriassatine et al. identified
five broad classes of VP based on their purposes
and goals [1]:

Visualization

Fit and interference check of assemblies

Testing and verification of functions

Evaluation of operations

Human factors analysis

A

This paper discusses the development and
evaluation of a VP of the first Saudi Arabian
designed car. The VP was built for visualizing
car design decisions such as interior and exterior
color choices, evaluate the ergonomics, and fit
and interference check of mechanical assembly.

2. Virtual prototyping for visualizing
models

Visualization models are used for assessment
of form, shape, and appearance [2]. They play a
vital role in communicating product information
among a diverse group of users including
advertising  agents, customers, managers,
product development teams, engineering, and
repair and maintenance operators. In addition,
visual appearance may serve as an attraction
factor [1]. Baxter explained three aspects of
product attractiveness that are articulated
through product appearance [12]:

1. Attraction due to recognition of previously
used products

2. Symbolic attraction (appeal to personal and
social values of customers)

3. Intrinsic attraction (inherent beauty of the
product form)

Presently, most commercial CAD software
offer three-dimensional solid model’s photo
pragmatic still and dynamic images that fulfill
all appearance necessities. Visual acuity and
appeal can be assessed for digital models with a
variety of forms concerning product layout,
illustrating the overall product components and
subassemblies, their associated colors, and
surface textures and finishes. On the other hand,
VP provides lively three-dimensional viewing
from any angle, in addition to graphical
animations that can be utilized to represent a
variety of conditions and scenarios depending on
the target audience. New visualization software
has the potential to simulate interactive
navigation such as variable-speed walking and
flying through complicated assemblies of any
size; thus facilitating efficient and realistic
visual inspection [13].
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3. Virtual prototyping for fits and
interference check

It is important to check how well
subassemblies or individual components fit with
the rest of parts. Since it is cost-ineffective and
sometimes impossible to manufacture parts with
accurate dimensions and features, dimensional
tolerances are included in product design to
accommodate variations due to manufacturing
processes [2]. Fits and interference checks at an
early stage of product design may reduce scrap,
defects, and rework; thus reducing the total cost
of a product. Traditional fits and interference
checks are time-consuming and error-prone [14].
VP provides novel mechanisms for fits and
interference checks by providing realistic three
dimensional models and automated real time
collision detection; which results in a listing of
all the interferences, where clearances and
interfering regions of the model can be
highlighted using different colors [15]. Figure 1
shows an interference check on the Saudi
Arabian car prototype.

Figure 1. Real Time Interference Check

Visual inspection of a digital three-
dimensional assembly can be accomplished
using a wide range of options such as dynamic
viewing of any part from any angle, or via
virtual flights throughout the assembly, where
magnified viewing permits close assessment. It

is also possible to validate the ability of sliding
or mating parts to obtain intended movements at
each level of dimensional values within
tolerance zones [1].

4. Development of virtual prototype of
the first Saudi Arabian designed car

The name of the first Saudi Arabian designed
passenger car is Gazal-1. It is developed by
professors, students, engineers and technicians at
the Advanced Manufacturing Institute in King
Saud University, Riyadh, Saudi Arabia. Gazal-1
is a sport utility vehicle (SUV), based on a
Mercedes-Benz G-Wagon platform. Gazal-1 is
4.8 m long and about 1.9 m wide and named
after a desert deer. A VP is developed to analyze
and review Gazal-1’s design, which enables
exploring various aesthetics features like
different colors, lighting, conditioning, material,
etc. in an interactive semi-immersive virtual
environment. Figure 2 shows the Gazal-1 VP.

Figure 2. Virtual Exploration of Car Model

5. Evaluation of virtual prototype of the
first Saudi Arabian car

This paper presents the results of assessing
the utility of the developed VP, and identifying
opportunities for improvement, where a
modified presence questionnaire is used to
capture users’ feedback [16]. The questionnaire
consists of twenty five questions on a scale of 1
to 5, where 1 indicates very poor, 2 indicates
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poor, 3 indicates average, 4 indicates good, and
5 indicates very good.

5.1. Participants

Sixteen male students from King Saud
University (mean age 23.94 years; S.D. = 1.06)
participated in this study. All participants
reported normal or corrected to normal vision.
All the participants were right handed.

5.2. Apparatus

The experimental setup consists of Dell
precision computer used to generate graphics
and integrates various hardware systems. A
Christie Mirage projector is used for rear end
projection on a 3.1m X 2.3m screen to create a
semi-immersive virtual environment. Active
stereco shutter glasses were used by the
participants for stereoscopic viewing. Head and
hand tracking was done using an Intersense IS-
900 motion tracking system. Participants
navigated and interacted with the virtual model
through a hand wand.

5.3. Procedure

Prior to start of a testing session,
participants went through an experimenter-led
familiarization training of the various semi-
immersive virtual environment devices. Then,
the participants completed several operations
and tasks on a 1:1 virtual prototype of Gazal-1
such as: examining the VP with different
exterior colors, changing car seats’ material,
operating car radio, opening and closing car’s
doors and hood, and examining the car from
various angles. Once these tasks were
completed, participants filled a presence
questionnaire.

5.4. Results

After completing all the tasks, the
participant’s subjective sense of presence was

assessed using the modified presence
questionnaire. Table 1 presents descriptive
statistics of user’s data. The overall average
score on the presence questionnaire was 4.02
(S.D.=0.5821).

Table 1. Descriptive Statistics

No Question Mean S.D.

How much were you able to

4.125 0.619
control events?

How responsive was the
2 | environment to actions that you | 4.250 0.683
initiated (or performed)?

How  natural did  your
3 | interactions with the | 3.438 0.512
environment seem?

How completely were all of

3.813 0.403
your senses engaged?

How much did the visual
5 | aspects of the environment | 4.688 0.602
involve you?

How natural was the
6 mechanism which controlled 3,688 0704
movement through the

environment?

How aware were you of events
7 | occurring in the real world | 3.938 0.574
around you?

How aware were you of your

. . 3.813 0.834
display and control devices?

How compelling was your
9 | sense of objects moving | 4.188 0.655

through space?
How inconsistent or
10 disconnected was the 2188 0.403

information coming from your
various senses?

How much did your
experiences in the virtual

11 | environment seem consistent | 3.813 0.655
with your real-world
experiences?

Were you able to anticipate
what would happen next in
response to the actions that you
performed?

3313 0.479

How completely were you able
13 | to actively survey or search the | 4.250 0.683
environment using vision?

How well could you actively
14 | survey or search the virtual | 2.375 0.500
environment using touch?

How compelling was your
15 | sense of moving around inside | 4.188 0.403
the virtual environment?
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How closely were you able to

16 . : 5.000 0.000
examine objects?
How well could you examine

17 | objects from multiple | 4.750 0.447

viewpoints?

How well could you move or
18 | manipulate objects in the virtual | 4.688 0.602
environment?

How involved were you in the

. . . 4.125 0.719
virtual environment experience?

How distracting was the control

20 .
mechanism?

3.250 0.577

How much delay did you
21 | experience  between  your | 3.375 0.500
actions and expected outcomes?

How quickly did you adjust to
22 | the virtual environment | 3.813 0.403
experience?

How proficient in moving and
interacting with the virtual
environment did you feel at the
end of the experience?

23 3.875 0.619

How much Virtual model of
24 | Gazal-1 is similar to the Real | 4.313 0.602
Gazal-1?

Is the Virtual prototype of
25 Gaza}—l is better. than the 4750 0.447
physical prototype in terms of

similarity with the real one?

The results of the questionnaire analysis
show that two questions resulted into means less
than 2.5, which were in relation to touch
feedback, and information from various senses.
The absence of haptic feedback system resulted
in poor environment performance with respect to
force feedback. Otherwise, the virtual prototype
performs satisfactorily. For the question
concerned with “close examination of the
object” (question 16), all users provides a rating
of 5, which means that the virtual environment is
suitable for the close evaluation of virtual
models. Similarly, a mean of 4.75 for the
question regarding the comparison of virtual
prototype with the physical prototype suggests
that the virtual prototype might be representative
of the real car.

Figure 4 shows graphical analysis of user’s
feedback for selective questions.
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Figure 4. Users’ Feedback Analysis

Based on Figure 4 it can be seen that the
touch or force feedback is absent in the virtual
environment. The other measures which are
below the perceived satisfactory level (which is
arbitrarily set at 3.8) are inconsistency, natural
interaction, distraction due to control mechanism
and little delay. The wvirtual environment
provides features to view objects closely, from
multiple viewpoints and it also provides the in-
depth or insight view of various components.
Participants concluded that the virtual prototype
of Gazal-1 is similar to the real car and it is also
more representative of real car than the physical
prototype.

6. Discussion

Using prototypes is important for the design
thinking process, but prototypes are feasible
only if they provide appropriate affordances that
end users can perceive and evaluate. The present
study examined the utility of using immersive
virtual reality for the prototyping tasks. Different
design and aesthetics features of a virtual car
were examined in the virtual environment. The
results of the study indicated that the virtual
prototype of the car is a close representative of
its real model. This fact is in agreement with the
previous literature [17].

One of the interesting facts that revealed out
through user’s feedback study is that the
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developed virtual environment scores low on
natural interaction measure due to the absence of
touch and auditory feedback. Overall
performance of the virtual prototype of car is
rated better than its physical counterpart by the
users.

7. Conclusions

A VP of first Saudi Arabian designed car is
developed and presented in a semi-immersive
virtual environment. The results showed that the
virtual prototype is representative of a real car.
Therefore, one can judge various design and
aesthetics features of car quite effectively. With
the help of collision detection technique, various
interference and clashes can also be diagnosed
efficiently.

On the basis of user’s feedback analysis, it
can be concluded that the virtual prototype of
car works quite well for design review purpose.
The developed virtual environment gives enough
immersiveness to the user that he/she can
assume the virtual world close to the real one.
Descriptive statistics suggests that the virtual
prototype performs well for most of the aspects.
On the basis of the results, it can be concluded
that virtual prototyping possesses lot of potential
and it can make product design more efficient in
terms of time and cost.
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Auto Makers

Steve Button, Gordon W. Arbogast and Jim Mirabella
Jacksonville University
garboga@ju.edu

ABSTRACT

The Environmental Protection Agency (EPA) regulation of required U.S automaker fuel economy has
been ongoing since the early 1970’s. Automakers have been forced for many years to comply with the
government’s strict regulation of producing cleaner, more fuel efficient vehicles. This research study
focused on the implementation of the Corporate Average Fuel Economy standards (CAFE) and how that
regulation impacted vehicles sales. Variables that were considered and processed through analysis are
total vehicle sales post CAFE, fuel cost, and real GDP.

It was determined that automakers were forced to fund R&D as well as to develop new technology to
meet the initial wave of standards. Most automakers took the associated cost of approximately $1000 in
stride based on the competitive nature of car sales and the fact that they would lose market share if there
was not compliance. Automakers found many ways to survive the regulation such as reducing the weight
of vehicles, developing smaller, lower horsepower engines and passing additional the cost through to the
customer. As the regulation evolved through the 1990’s, Sport Utility Vehicles (SUV’s) (which were not
initially regulated) gained in popularity and production. They were quickly brought under regulations
when their adoption by the public soared. The regulation opened new product lines such as the SUV and
forced automakers to develop high performance, fuel efficient and clean burning alternatives to previous
production.

Results from this study concluded that Government rules on the auto industry (fleet gas mileage
regulations on automakers) may have indirectly improved truck sales in conjunction with real GDP
growth, while fuel prices directly impacted auto sales (but with an inverse relationship).

Background (CAFE) program established a phase-in of more
stringent fuel economy standards beginning with

In 1970, Congress passed the first major 1975 model vehicles. Congress intentionally set
Clean Air Act, requiring a 90 percent reduction technology-forcing ~ standards,  presenting
in emissions from new automobiles by 1975. automakers with major technical and economic
Congress also established the US. challenges. The internal combustion engine was
Environmental Protection Agency (EPA), giving older t;chpology that 'had not seen any
it broad responsibility for regulating motor substantial improvements in 20 years, and it was
vehicle pollution. New cars had to meet a 0.41 not clear that the standards could ever be met
gram of hydrocarbons per mile standard and 3.4 without replacir.lg it all together. (Bresnahgn
grams of carbon monoxide per mile standard by 1985)  Even if the necessary technologies
1975; nitrogen oxide emissions had to be emerged, the industry faced billions of dollars in
reduced to 0.4 grams per mile by 1976. The R&D, capital and equipment, and installation
nitrogen oxide standard was later revised in costs. Congress and the EPA were aware of both
1977. The Corporate Average Fuel Economy the technological challenges and the high costs,
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and no one was surprised by the contentious,
adversarial nature of the implementation phase.
Automakers incurred heavy costs of developing
and adopting emissions controls, especially
when the two new technologies were introduced
in 1975 and 1981. The initial estimates for
meeting the 90 percent reductions were $860 per
vehicle. The fine levied on automakers was
$10,000 per vehicle for non-compliance during a
time when the average automobile sold for
$2600 (Doyle, 1985).

The Corporate Average Fuel Economy
(CAFE) regulations in the United States, first
enacted by Congress in 1975, are federal
regulations intended to improve the average fuel
economy of cars and light trucks (trucks, vans
and sport utility vehicles) sold in the U.S. in the
wake of the 1973 Arab Oil Embargo.
Historically, it is the sales-weighted average fuel
economy of a manufacturer's fleet of
current model year passenger cars or light
trucks, with  agross vehicle  weight
rating (GVWR) of 8,500 pounds (3,856 kg) or
less. The Energy Tax Actof 1978 in the U.S.
established a gas guzzler tax on the sale of new
model year vehicles whose fuel economy fails to
meet certain statutory levels. The tax applies
only to cars (not trucks) and is collected by
the IRS. Its purpose is to discourage the
production and purchase of fuel-inefficient
vehicles.  The tax was phased in over ten years
with rates increasing over time. It applies only to
manufacturers and importers of vehicles. Only
new vehicles are subject to the tax, so no tax is
imposed on used car sales. The tax applies a
higher tax rate for less-fuel-efficient vehicles. To
determine the tax rate, manufacturers test all the
vehicles at their laboratories for fuel economy.
The U.S. Environmental Protection
Agency confirms a portion of those tests at an
EPA lab.

The Act authorized the Secretary of
Transportation to administer the CAFE program.
The Secretary delegated the authority to the
National Highway Traffic Safety Administration
(NHTSA) Administrator. NHTSA was
authorized to determine the maximum feasible
CAFE levels; approve credit "carry back" and
"carry forward" plans; determine and either

grant or deny exemptions from the requirements
for low-volume manufacturers; monitor the
program through mandatory pre-model year and
mid-model year manufacturer reports; and
submit annually to Congress a report on the
current status of the CAFE program. CAFE
standards are to be declared 18 months prior to
the beginning of the model year for which they
are subscribed, with their determination
established upon four basic statutory criteria: 1)
technological feasibility; 2) economic
practicability; 3) the effect of other Federal
standards upon fuel economy; and 4) the need
for the Nation to conserve energy.

The first year for which the standards were
established for passenger cars was model year
(MY) 1978 at a level of 18.0 miles per gallon
(mpg); the standards increased to 19.0 mpg for
MY 1979 and 20.0 mpg for MY 1980. The Act
directed NHTSA to establish and declare
standards administratively for MYs 1981, 1982,
1983 and 1984, and to specify fuel economy
requirements for MYs 1985 and thereafter at
27.5 mpg. The fuel economy standard for light
trucks was established for MY 1979 at 17.2 mpg
for 2-wheel drive models and 15.6 mpg for
models equipped with 4-wheel drive. Passenger
vehicle calculations also changed over the years,
and current calculations are made for
manufacturers import fleets and the domestically
produced fleet. The most recent fuel efficiency
requirements for a manufacturer's passenger car
fleets, either domestically produced or imported,
is 27.5 mpg, the same performance level that
was established by the Act for 1985. Light truck
CAFE has been established through MY 2003 at
20.7 mpg. This level has remained unchanged
since MY 1996 as a result of a rider incorporated
into each year's Transportation and Related
Agencies Appropriations Act that forbids
NHTSA from changing the standard.

In 2007, the United States legislation
expanded the Renewable Fuel Standard,
mandating a significant increase in the use of
bio-fuels by 2022 (Ford, 2010). In response,
Ford Motor Company partnered with the U.S.
Department of Energy, the Electric Power
Research Institute, the New York State Energy
Research and Development Authority and
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Southern California Edison to explore expansion
of electrification and other issues involved in
expanding the use of plug-in hybrid electric
vehicles. In 2009, the Department of Energy
issued a conditional loan to Ford to finance up to
80% of qualified expenditures to improve
efficiency of light wvehicles by using
technologies that improve internal combustion
engines and transmissions, reduce vehicle
weight, reduce vehicle drag with more
acrodynamic designs, and improve vehicle
efficiency through the development of hybrid
and plug-in electric vehicles. The loan enabled
Ford to raise the fuel efficiency of more than a
dozen models, representing close to two million
new vehicles annually, and saved more than 200
million gallons of gas a year. The DOE said the
loan builds on steps taken by the Obama
Administration to require an average fuel
economy of 35.5 miles per gallon in the year
2016. The standard will reduce oil consumption
by an estimated 1.8 billion barrels, prevent
greenhouse gas emissions of approximately 950
million metric tons, and save consumers more
than $3000 in fuel costs. The DOE extended
conditional loan offers to Ford, Tesla Motors,
and Nissan Motor for a total of $8 billion, in
addition to offering $17 billion in loans to large
and small auto manufacturers and parts suppliers
up and down the production chain (Department
of Energy, 2009).

Following the Energy Independence and
Security Act of 2007 and administrative action
by the Obama administration in 2009, standards
will be aggressively tightened bet