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ABSTRACT

In this paper, we investigate the effect on superimposition of the HUD (Head-Up Display) in a driving environment.
The semi-transparent  properties  of  HUD lead to the superimposition which means the overlap between HUD’s
graphics and an  environmental  object.  Especially,  the  elderly  may  have  difficulties  with driving  in  a  HUD
environment because of their loss of cognitive and physical capability. Therefore, we performed the experiment to
investigate  the  effect of  age on superimposition in  a  HUD  environment.  Participants (elderly,  non-elderly)
performed  the  driving task  in high and  low superimposition level  (two simulated  road  conditions). The result
showed  that  each  group’s  glance  duration  was significantly  increased  in  a  HUD  environment.  Moreover,  the
elderly’s glance duration showed more increasing in a HUD environment than the non-elderly.

Keywords: Head up display, elderly, superimposition, performance

INTRODUCTION

During driving, driver should constantly check the variable information such as driving-related information and
environment information in order to avoid risk and drive safely. Thus, as driving assistance system, information
system in vehicle is variously developed to provide the safety and convenience for driver.  Especially,  head up
display (HUD) is gradually applied to new cars as a typical  technology of IVIS in accordance with the design
guidelines. The HUD is a transparent display and windshield is used as HUD’s display area. The HUD projected
information on a front windshield in driver’s field of view. 

Several literature studies have been found on the benefits of the HUD. Liu & Wen (2004) studied the effect of the
usage on information displays (HUD, HDD) for driver in two road condition (low, high driving load road). The
results showed that drivers in a HUD condition were quicker to respond to road information from display, had less
mental stress and had better performance than in a HDD condition. In Gish et al. (1999) study, subjects performed
the three tasks (speed monitoring task, navigation task and warning detection task) on information display (HUD,
HDD).  The author found that  drivers in a  HUD condition reacted  quickly to road events  in a  HDD condition.
Sojourner and Antin (1990) found that Driver in a HUD condition is quicker in responding to the information for
salient cues of driving scene than in a HDD condition. Also, several studies (Briziarelli & Allan, 1989; Kato et al.,
1992; Sprenger, 1993) found that driver showed the reduction of checking time in a HUD condition.

However,  semi-transparent  properties  of  HUD  raise  a  doubt  about the  positive  effects. The  semi-transparent
properties of HUD lead to the superimposition that is overlapped between HUD's graphics and environmental object
(Tangmanee & Teeravarunyou, 2012). This properties may influence the driver distraction, visibility of the display
interface, etc., which lead to an increase in glance duration and greatly influence the driver safety.

Especially,  Elderly  may  be  vulnerable to  a  HUD  environment because  of  the  loss  of  physical  and  cognitive
capability. These drivers showed the rapidly growing group in terms of “a driving population” and “a total driving
distance” (ball et al., 1993). Generally, elderly experience the loss of eyesight with the increasing age (Rubin et al.,
1997; Vitale et al., 2006 and Owsley, 2011). Elderly showed the decrease of the amount of information that human
can be processed in given time with the increasing age (Pauzie et al., 1989). These loss leads to the difficulties in
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driving, as well as using an in-vehicle information system (Dingus et al., 1997; Kirasic, 2000). For example, elderly
have difficulties in using the information system such as navigation (Dingus et al.,  1997; Kirasic, 2000). These
difficulties greatly influence driver’s mobility (McCarthy, 2005). Moreover, Merat et al. (2005) referred that the
IVIS is designed without careful consideration for the difficulties of elderly. Thus, considering the capability of
elderly is required to design the HUD.

Human acquire the information through variable sensory organ. The most of environment information is received
from the vision that is general sense to get the information (Jung & Kee, 1996, Masih-Tehrani &Janabi-Sharifi,
2008). The loss of vision can be applied to driver utilizing IVIS. Because driving is the representative task of vision
(Owsley et al., 2013), information design in terms of visual characteristics is essential and should be considered. 

Shaheen & Niemeier (2001) studied five kinds of physical disability for elderly. In the research, the older drivers
experience the problem of not selecting important information from unnecessary information in terms of selective
attention. The author referred that the reduction of attention leads to the difficulties of visual search. Parasuraman &
Nestor (1991) found that the decline of selective attention is shown to be highly correlated with the rate of driving
accidents.  Pauzie(1989) mentioned the following two driving behavior on the visual display in terms of age. First,
elderly showed the increase of glance duration and fixation time. This means the decrease of forward-looking time
when elderly used the information display. Next, elderly showed the decrease of the amount of information that can
be  processed  in  given  time.  These  visual  defects  of  elderly  raise  some  doubt  about  the  positive  effects  on
superimposition in a HUD environment.

Through previous research, we found the various merits and demerits of HUD. Especially, the effect of HUD didn’t
be confirmed for elderly. Therefore, this study investigates the effects of age on superimposition of the HUD in a
driving environment. 

METHOD

Participants

In this experiment, subjects are screened for information processing ability through pre-test and a total of 25 subjects
participated (12 elderly: the 65-year-old or older, 13 non-elderly). The mean age of elderly is 69.5 years old (SD =
3.5). The mean visual acuity of elderly is in the left eye 0.97 (SD = 0.24) and the right eye 0.95 (SD = 0.28). The
elderly are two of the past experience of cataract surgery. The mean age of non-elderly is 28.2 years old (SD = 2.7).
The mean visual acuity of non-elderly is in the left eye 0.89 (SD = 0.38) and the right eye 1.00 (SD = 0.37). The
non-elderly didn’t have eye disease. 

Apparatus

The experiment environment is set up considering usage environments of the HUD. We utilized a HUD that is full
color head-up display. The model provide a virtual image of 4.5 inch (9.9 x 5.5cm), 400x240 resolution and a
3,100~26000ch/m brightness. The steering wheel is Logitech driving force GT model that include the button at
either side. The task is present to 50 inches HD TV in front of subject. To measure glance behavior, SMI mobile eye
tracking Glasses 2.0 were used. We set up the basic environment of experiment based on following study. Freeman
(2011) designed the usage environment of HUD. The distance between the subject and the HUD image is 1.5m and
the HUD is located under the 4~12 degree from the eye position of the driver. 

Stimuli

The superimposition phenomenon of HUD occurs through overlapping between HUD’s graphics and environment
object such as vehicle, road marking and pedestrian. Thus, we controlled the driving scenes by modifying the stimuli
level of environment object in the projected area of HUD’s graphics. The stimuli levels depend upon the number of
objects of projected area and the degree of frequency of overlapping between HUD’s graphics and environment
object. For example, figure 1(left) is high stimuli level that presents the high frequency of overlapping between
HUD’s  graphics  and  environment  object.  Figure  1(right)  is  the  condition  of  low stimuli  that  presents  the  low
frequency.
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Figure 1.Stimuli level: high (left), low (right)

Task

In this study, we used the dual-task methodology to investigate the efficiency for HUD. Subjects performed the
primary driving task and simultaneously secondary task. In general, the primary task is made up of the operation of
the steering wheel, acceleration and brake pedal in viewing the front. The selected primary task is the tracking task
that  George et  al.  (1999) used. We transformed the task that  driver  consistently control  the tracking box from
particular location of line to tracking target by using the steering wheel. Tracking target is located in the center of
display and tracking box move from side to side randomly. 

Figure 2.The example of tracking task

Several researchers used a method of evaluating secondary task performance between HUD and HDD (Gish et al.,
1999; Wittmann et al., 2006). The method is that subjects respond to whether or not the information of display is
correct by using the button of steering wheel at either side. For reference, the selected secondary task is the speed
monitoring task that drivers check the current speed (figure 3, right) of vehicle and speed limit (figure 3, left), and
respond to a condition by using the button of steering wheel at either side. Subject press the corresponding side
button for bigger value. For example, subject press the right side button if the number of figure 3 (right) is bigger
than figure 3 (left). 

The HUD interface of most vehicle manufacturers is perpendicularly arranged for current speed and speed limit. In
this study, the steering wheel button is horizontally arranged. Thus, the speed information is horizontally arranged
because we thought that elderly may be difficulty to respond to perpendicular arranged information than horizontal.

Figure 3.The example of speed monitoring task

Procedure

Subjects  (non-elderly,  elderly)  conducted  speed  monitoring  task  in  two  road  conditions  (high  and  low
superimposition level) based on tracking task. Each participant is allocated randomly to each of the experimental
conditions. The display area is classified as primary task and stimuli area. The figure 2 is located in the center area
of display. The other area is stimuli area and the secondary task is presented in the red area of figure 1 with the
warning sound. Before experiment, subjects were allowed to interact  with simulation for 20 minutes in order to
avoid the case that subjects don’t know what to do.
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Subjects fixed their eye on the center area of front to perform the primary task and continuously control the location
of tracking box by using the steering wheel. And, when a controlled situation is presented with beeps via speakers,
participants conducted secondary task during the primary task. The warning sounds occur randomly 10 times at
intervals from 20s to 40s in each condition (high and low superimposition level). A total experiment time is about 1
hour. Each condition takes about 6-minute and the time interval between each condition takes about 5minute.

Measurement

The measurement of primary task is tracking error that is the gap between the tracking target and tracking box. The
outcome is standard deviation of distance from tracking target to tracking box. In the experiment, we assumed that
primary task didn’t influence as a solo task and the values of tracking error are not different from any experiment
condition because drivers performed the secondary task in a moment. Thus, we focused on the situation of dual task
that subject conducted the secondary task during the primary task. 

In the research, the dependent variables are secondary task performance and gaze behaviors. The measurements of
secondary  task are  response  time and accuracy.  The response  time is  defined  as  the  time from presenting the
warning sound to pressing the button of steering wheel. The accuracy is defined as the correct ratio of answer for
secondary task. The measurement concerning the visual distraction is selected as glance duration that was utilized at
the several studies (Green, 1999, May et al., 2005; Zwahlen et al., 1988;). Zhang et al. (2006) found the reliability of
the glance duration as the index measuring the visual distraction. Chiang et al. (2004) measured the glance duration
as method to observe the driver behavior When driver performed the input task by using navigation system in road
condition. The research defined the glance duration that is the total time of the fixation time which gaze the display,
and the transition time that move between the display and road. Also, ISO (15007-1) is presented for glance duration
as quantitative measurement for visual demand Caused by secondary task. In this study, Glance duration is defined
as the total time from taking eye off the center area of display during tracking task to taking eye on the center area
after checking the speed information.

RESULT

We performed t-test to examine the difference between superimposition level in a HUD environment and conducted
univariate analysis to examine the interaction effect between age and superimposition level. As expected, the values
of tracking error are not different from any experiment condition. Thus, the result analysis of primary task is not
included.

Comparison of the HUD under the different stimuli

The results of superimposition level for non-elderly are summarized in Table 1. The glance duration was found to be
significant with p=.000. The glance duration of high superimposition level was taken more 252ms than low level.
The response time and accuracy did not show a significant effect (α= 0.05).

Table 1.Results of superimposition level for non-elderly

Measurement
Superimposition

level
t-value p-value

Low High

Response time (ms) 1686 1757 -1.747 .082

Accuracy (%)
98.46 97.41 .622 .540

Glance duration (ms)
686 898 -4.535 .000＊＊＊

＊: P < .05; ＊＊: p < .01; ＊＊＊: P < .001
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Figure4.Results of superimposition level for non-elderly

The results of superimposition level for elderly are summarized in Table 2. All measurement were found to be
significant  (α=  0.05).  The response  time of  high  superimposition  level  was  taken  more  183ms than  low level
(p=.000). The accuracy of high superimposition level was decreased more 10.83% than low level (p=.028). The
glance duration of high superimposition level was taken more 353ms than low level (p=.000).

Table 2.Results of superimposition level for elderly

Measurement
Superimposition

level
t-value p-value

Low High

Response time (ms) 1986 2169 -4.604 .000＊＊＊
Accuracy (%)

96.57 85.74 2.457 .028＊
Glance duration (ms)

924 1277 -9.526 .000＊＊＊
＊: P < .05; ＊＊: p < .01; ＊＊＊: P < .001

Figure5.Results of superimposition level for elderly

Difference between the effects of stimuli

The results of interaction effect between age and superimposition level are summarized in Table 3. The effect of
elderly on the superimposition level is significant than non-elderly in terms of response time (F=4.727, p=.030) and
accuracy (F=4.420, p=.041). The glance duration did not show a significant effect at α= 0.05 (F=2.518, p=.114).

Table 3.Results of interaction effect between age and superimposition level

Interaction effect
Measurement

Response time (ms) Accuracy (%) Glance duration (ms)

Age X Superimposition
level

.030＊ .041＊ .114＊
＊: P < .05; ＊＊: p < .01; ＊＊＊: P < .001
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Figure6.Results of interaction effect between age and superimposition level

CONCLUSIONS

We found that high superimposition level have a negative effect on the glance duration in a HUD environment. As
the superimposition level increase, all age group showed the increase of glance duration. The increase of glance
duration means the increase of the demanded time responding to the projected information in a HUD environment.
Especially, elderly is more sensitive to superimposition than non-elderly in terms of response time and accuracy. 

Several studies have found the benefits of the HUD in terms of response time. But, we found the negative aspects on
the  superimposition  of  HUD.  The  HUD  will  be  carefully  designed  on  problem  of  superimposition  by  text
information because of the elderly’s loss of physical and cognitive capability. However, if the defects of HUD are
compensated, the HUD is expected to be significant benefit for elderly (Dingus et al., 1997; Kirasic, 2000).

The vehicle manufacturers suggest the full windshield HUD as the future technology. They try to design for the
graphic types and the location of HUD. The provided information of HUD includes simple sign, text, warning
information,  etc.  This  interface  have  relevance  to  superimposition  because  of  the  information  is  required  for
visibility. Therefore, The HUD should be designed by considering the negative effects on superimposition of the
projected information in a HUD environment.

In this study, we have the limitation that didn’t suggest the design method for HUD. Also, the text information of
HUD influences superimposition, but we didn’t verify the effect of graphic types on superimposition level. Further
study is  minimizing  the  superimposition of  HUD,  optimizing the location  of  HUD and verifying  the  effect  of
graphic types on superimposition.
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