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Abstract

Objectives: Nowadays, using digital displays in vehicles has become very common.
Therefore, the reflection display screen issue as a virtual image on the vehicle's side windows
at night is a controversial item in the ergonomics position of the designed display. Given the
high importance of visual tasks, it is necessary to consider ergonomics considerations during
vehicle design to achieve an optimal display position.

Methods: In the current study, by identifying the factors affecting the placement of the central
display inside the vehicle and assigning level values for them, using the design of experiment
statistical method with the full factorial approach, 243 runs were obtained from the
combination of the identified factors using MINITAB (version 18) software. By implementing
all the extracted runs, the amount of reflection from the central display on the side windows
was subjected to statistical analysis of variance (ANOVA).

Results: Significantly effective factors (including their interactions) on the response of the
reflection of the virtual image on the critical vision zone and the total reflection on the driver's
right and left side windows were identified. In addition, the amount/direction of the factors'
effect on the responses was analyzed using a linear regression model.

Conclusion: During the interior design process of the vehicle and display packaging, the
factors identified in this study can be used as a control tool to reduce or eliminate the concern
of the amount of display reflection on the side windows to prevent driver's ergonomics
problems during nighttime driving.

Keywords: Design of experiment (DOE), Ergonomics design, Multimedia, Nighttime driving,
Reflection
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Extended Abstract
Background and Objective

Given the increasing trend of using large-sized
digital displays in vehicles with the aim of providing
more facilities to passengers, as well as the tendency of
automakers to use these displays without protection, the
development of a virtual image resulting from the
reflection of the display screen on the side windows
while driving at night is considered a serious challenge.
In this case, the virtual image formed, if it appears in the
driver's effective field of vision, can affect the visual
tasks of driving. Since most driving information is
received through the sense of sight, the presence of
annoying reflections while driving at night increases the
risk of driver error in decision-making. Since a large part
of the driver's concentration is made up of side vision,
the presence of distracting information can increase
distraction for drivers. Moreover, interference with the
driver's vision, especially the view of the side mirrors
through the windows, can prevent the driver from seeing
the mirror cup and consequently reduce the field of
vision for seeing the rear of the vehicle. Therefore, it is
necessary to take the required measures to design the
ergonomics of the central display position inside the car
by controlling important and influential factors.

Materials and Methods

In the present study, by identifying the effective
factors in the placement of the central display inside the
car and determining a range of values for them, 243
cases of the combination of the identified factors were
obtained using the statistical method of experimental
design with the full factorial design approach,
employing the MINITAB (version 18) software. By
implementing all the extracted cases, the amount of
reflection from the central display on the side windows
was subjected to statistical analysis of variance
(ANOVA). In determining the amount and position of
the formation of virtual images from the display, the law
of reflection was applied, according to which the angle
of light from the display to the driver's eye is equal to
the angle of its reflection. Outputs in the present study
included the area of the virtual image reflected on the
sensitive area of the side window and the total area of
the virtual images reflected on both the driver's right and
left windows. In determining the influencing factors, an
attempt was made to consider all factors that can be
controlled during interior design. The quantitative levels
of these factors were also based on logical and
reasonable values, which are common in automotive
design. This is the result of modeling a large number of
examples on reputable vehicle benchmarking websites
(A2MAC1).

Results

Statistically, the influencing factors (including their
interactions) on the output of the amount of reflection of
the virtual image on the sensitive area of vision and the
total reflection on the driver's right and left side

windows were identified. The effect of changes in these
factors was analyzed to address ergonomic concerns
regarding the ease of driver vision through the side
windows. For each of the outputs, one-way, two-way,
three-way, four-way, and five-way analyses of variance
were conducted, with a confidence level of 95%
(P<0.05). The statistical effect of each factor
individually and the possible interactions between them
were assessed. Finally, by presenting a linear regression
model, the amount and manner of influence of the
factors were discussed and examined.

Discussion

According to the statistical analysis conducted with
a95% confidence level, a linear regression equation was
extracted for the total reflection formed on the side
windows, which provides insights into the effect of each
factor individually and different interaction modes.
Using this linear regression equation, the direction of
influence of the factors and the various interactions
between them on the output were compared and
evaluated. Accordingly, one of the important factors in
reducing the virtual image formed on the side windows
is the rotation of the display toward the driver, as the
analysis of variance indicated that the more the display
is tilted toward the driver, the lower the amount of the
virtual image formed on both the right and left windows.
Additionally, the higher the display is placed
(downward) relative to the driver's eyes, the lower the
probability of the formation of a virtual image on the
side windows. Other important factors in the placement
of the central display include ergonomic aspects, such as
the ease of viewing the display and ease of access, which
according to the analysis of variance, have a relative
effect on reducing the amount of reflection formed on
the side windows.

Conclusion

In general, the findings of the present investigation
indicate that the factors identified can serve as a control
tool during the interior design process of the vehicle and
when placing the display, aimed at reducing or
eliminating concerns regarding the amount of reflection
(virtual image) of the display on the side windows. This
is crucial for preventing ergonomic problems related to
the driver's vision when driving at night, especially at
intersections with low ambient light. The present work
aimed to reduce or completely eliminate the risk of
creating virtual images reflected on the windows by
implementing initial measures during the design
process. This proactive approach allows for necessary
actions to be taken before the product is manufactured,
addressing the aforementioned risk at the lowest
possible cost. It is suggested that conducting additional
research in a laboratory environment to identify the
impact of other factors on the quality of the virtual image
formed on the side windows could be beneficial.
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Pareto Chart of the Standardized Effects
REFLECTION BOUNDED 55 deg LFT, a = 0.05, only 30 effects shown
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