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Abstract. Spatial and situational awareness could be decreased significantly under
low visibility and adverse weather conditions. This could affect exponentially the
reactions of the older drivers and increase dramatically their collision probability. To
this end we developed a novel Head-Up Display interface that aims to reinstate the
drivers’ vision which is predominantly hindered under these conditions.

In particular the proposed interface entails symbolic representations of the lead
vehicles and crucial road information, which effectively enhances driver’s vision.
The proposed system was evaluated through a comparative study against the typical
instrumentation panel. The evaluation results were overall in favour of the prototype
interface which improved significantly the reaction times of the older drivers and
decreased the collision occurrences.
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1 Introduction

Perception and analysis of visual information whilst driving can be a daunting
process, particularly for the older drivers, in whom spatial perception and response
times tend to be reduced [1]. The latter category represents a rapidly growing
segment of the drivers’ population requiring additional support in order to counteract
these physical and mental age related inefficiencies. Previous studies have
demonstrated that the cognitive capabilities and senses deteriorate in geometric
progression to age [2]. Interestingly, the produced vehicle interior systems offer a
wealth of information and entertainment devices which can additionally hamper even
the average drivers’ attention.

As such, the over-elaborated, or over-simplified in some rare cases, design of in-
vehicle interfaces do not take into consideration the physical and cognitive limitations
that older drivers present. In particular, the navigation systems present various road
information that older drivers cannot interpret or use in a timely manner [3]. Recently,
technological advances produced numerous collision-avoidance systems which have
been tentatively and gradually incorporated into contemporary vehicles. Yet the vast
majority alerts the driver before an imminent collision and relies heavily on the
driver’s response time. A small segment of experimental systems even retains the
control of the vehicle and regulates the vehicular activities until it is safe to return the
control to the driver. Yet both solutions do not provide a viable solution to the older
drivers, which either cannot respond in time on the alerts, or they might feel
completely intimidated by the temporarily autonomous navigation of their vehicle.
Moreover, adverse weather conditions and unexpected traffic congestion can diminish
even further older drivers’ reaction times, increasing significantly the possibility of
collision occurrence and fatalities.

Mindful of the aforementioned observations, our primary objective was to indicate
to the user well in advance, potential collisions and subsequently improve the driver’s
responses without excluding him/her from the actual driving and decision making. To
this end, we have developed a full-windshield, Head-Up Display interface, in order to
provide the driver with essential, timely presented collision avoidance information
[4]. The provided information is superimposed on the windshield through symbolic
representation of the forthcoming obstacles and vehicles. The representations are
mainly based on the human ability to identify an object based solely on the border-
shape of it [1]. Additionally we introduced patterned design colour and size coding in
order to intonate the significance of each symbol. Our initial evaluation trials were
encouraging, showecasing significantly improved response times and decreased
collision occurrences. Yet they provided an insight to previously unforeseen issues
that prevented the particular group to capitalize fully the offered information.
Through an incremental process of interface design and functionality improvements
we managed to incorporate the majority of the older driver’s suggestions into the final
system. In particular this paper presents the design process of a prototype Head-Up
Display (HUD) interface, which aims to improve the driver’s spatial awareness and
response times under low visibility conditions. The working interface prototype has
been further improved for older drivers’ use.

Interestingly our previous work towards the development of an all-inclusive users’
HUD interface has indicated that such interfaces may enhance significantly the
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driver’s spatial and situational awareness resulting in faster responses and successful
collision avoidance [4].

The paper discusses in detail the interface design mantra and presents the results of
a large scale comparative evaluation of the HUD system versus the typical dashboard
(HDD) information on a group of forty users. Furthermore this work presents an
exhaustive analysis of users’ age, gender, collision occurrences and the collision
speed (m/sec) of each user, which can offer an informative appraisal of the
effectiveness of the HUD system through the estimation of collisions per trial, with
and without the HUD interface. Concluding, this work describes the HUD interface
development towards a user-friendly system which could enhance the response times
of the older users.

2 Visual & Cognitive Issues of Older Drivers

The driving process involves multiple senses and cognitive functions and requires
precise coupling of mind and body reactions [5].

In particular, visual sensory functions that decline with age are namely; the visual
acuity, useful field of vision (UFQV), sensitivity to glare, contrast sensitivity and
colour perception [6].

In turn spatial and situational awareness can be detrimentally affected, jeopardising
the safety of the older driver [7]. The decline of cognitive and visual sensory abilities
challenges the driving performance of older users [8, 9]. More analytically the visual
acuity which allows the driver to see objects in detail from a distance decreases
gradually after the age of 20 y.o., and declines rapidly after the age of 50 y.o. [10, 11].
Notably this exponential decline of visual acuity is not perceivable by the majority of
the elderly driving population [6].

A previous study identified a clear relation between decreased visual acuity and
crash rates of older drivers [13]. Older users’ vision is further affected by the gradual
limitation of the useful field of view, which is the area of the visual field that
accommodates information quickly perceivable without any eye or head movements
[6]. The significantly reduced visual estate reduces the older drivers’ ability to
identify objects or movement on the extreme sides of their visual frame, such as
vehicles in adjacent lanes [6,7]. The vision sense deterioration of the older users is
also affected by the declining ability to distinguish colours [12]. Hence colour
perception diminishes significantly up to 50% in the age of 90 y.o [13]. As such the
older drivers require clear schematic information which does not rely solely on the
colour differentiation between the various states of the information.

Finally the cognitive functions are also affected by age, preventing older drivers to
obtain, store and use information [13, 14]. Decreased cognitive ability has an
imminent negative impact to the response times (RTs) of older drivers which struggle
to make critical decisions under pressure [5, 8].
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3 HUD Interface

The aforementioned observations and facts suggested that a novel vehicular
navigation system should compensate for the visual impairment of older users and
enhance their response time to critical situations without overloading their cognitive
functions. As such we strived towards the development of a modular interface which
could be accommodated in the direct field of view of the user through the form of a
Head-Up Display (HUD). HUD systems have been predominantly used in military
aircrafts as they inherently increase screen estate for the real-time presentation of a
multitudinous flight and combat information. In tentative steps, HUD has been
introduced in the automotive and marine transportation. In particular the early
automotive applications offered a new field of experimentation and presentation of
additional information collated to the actual driving environment. Concurrent versions
investigate the interface conduit which will provide supplementary driving-related
information, thus complementing the traditional dashboard, while attracting attention
as it is positioned within the driver’s immediate field of view.

To this end we have developed a simple interface design which may provide
crucial information excluding content that is already presented on the congested
dashboard and alert driver for the potential collision risks. The proposed human-
computer interface deployed on a full-windshield HUD system, aims to reinstate the
three main cognitive factors that affect the older drivers’ responses, namely: visual
processing speed, ability to divide attention and target clarity [7].

Green lead-vehicle symbol
(on the same lane) indicates
a distance of 100-250m.

Traffic Symbol indicates
/] congestion in close proximity.

on different lanes indicate

Red lead-vehicle symbols
a distance of 0-25m.

Yellow lead-vehicle symbols

on different lanes indicate
a distance of 25-100m.

Filled gradients on the turn symbol

Lane symbols denote traffic conditions
around the vehicle and lane alignment.

indicate the close proximity of a

road turn.

Figure 1-Screenshot of the actual Driving and brief HUD interface explanatory information.

The acquisition and interpretation of a plethora of information available through
vehicular sensors, enables the HUD interface to convey this information to the user in
an uncluttered and simplified visual output. As such the system could enhance the
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perception of the wvehicle’s surrounding space and improve the driver’s response
times, particularly under low visibility conditions. Our initial experimentations and
the subsequent evaluations, informed further our interface design and functionality
regarding the fine tuning of the quantity, quality, timing and presentation of the visual
cues.

In tandem, the system offers symbolic representation of the wvehicles and
surroundings of a motorway environment, such as lead vehicles, lane recognition,
sharp turn warning and traffic alert. These symbols trace the actual vehicles, lane
positioning and curvature and embed themselves to the environment through the
Head-Up Display projection system as illustrated in Figure 1. Their size and colour-
coding alters respectively with the distance and time to collision (TTS) parameters
provided by the wvehicular ad-hoc network system (VANETS) that gathers this
surrounding information.

5 Modelling and Simulation

In order to evaluate the improved prototype interface, a custom driving simulator was
developed to investigate the efficiency of a full-windshield Head-Up Display (HUD)
interface for the elder drivers’ in low visibility and traffic congestion conditions. The
driving-simulator (OSDS) was based on an open source code and off-the-shelf
hardware components [4].

The numerical information acquired during the experiment traced primarily the
actual response times (RT) and headway (HW) benefits derived with and without the
HUD usage. However being aware of the plethora and complexity of factors involved
in an imminent collision such as visibility, psychological refractory period, spatial
awareness, situational awareness and stimulus-response compatibility amongst others,
we employed various methods of recording the human responses such as heart-rate,
eye-tracking, body posture and facial expressions.

Tumn

scenario 2: Traffic Congestion

hard-shoulder lane
-~
o - o _ -
____________ —
. .—> . Traffic
Congestion

Random low traffic

Bridge
500m

Figure 2- Traffic congestion and sharp turn situations (second scenario).
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The simulation scenario entails low visibility, sharp turn and traffic congestion
practically invisible positioned behind a bridge maximizing the effect of surprise as
depicted in Figure 2. In addition the agent vehicles of the normal flow and the traffic
congestion were infused with a degree of artificial intelligence in order to increase the
realism of the simulation scenarios [15]. Their individual driving patterns embedded
on the agent vehicles were derived from real-life observations and driver behaviours
defined by proprietary literature. The different accident scenarios were kindly
provided by the Strathclyde Police Department in Glasgow.

Notably in this scenario the drivers performed adequately in comparison to other
simulated scenarios. Yet the collisions occurrences were still at alarming levels.

In accordance to our previous evaluation methods the second scenario trials
attracted 40 volunteer drivers with valid driving licence and aging between 20 and 75
years old. The drivers were randomly selected in order to represent the largest
possible part of driving population spanning across a large variation of driving
experience, profession, gender and age.

The primary aim of the experiment’s design was to evaluate the benefits, if any, of
using the HUD during driving under low visibility conditions in a motorway
environment with particular interest to improve significantly the response times of the
elder users.

Figure 3 - Screenshot of the user video footage and the driving simulator in action.
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6 Results and Discussion

The analysis of the numerical data offered a precise view of the drivers’ reactions,
benefits and drawbacks of the proposed HUD interface in contrast to the existing
HDD system. Yet further observation of the video footage and the subjective
feedback verifies the numeric information and highlights the overall user experience
during the different stages of the experiment. In particular, the video-captures
presented distinguishable body-postures during the simulation of the accident
scenarios with and without the HUD system.

Further observations highlighted that the drivers without the use of HUD support,
tended to keep their elbows closer to the body, hold tight the steering wheel and in
some cases, leaning forward on the driving seat. Their anxiety was also evident
through their facial expressions. During the subjective feedback and interview they
noted that the low-visibility due to the simulated fog produced a very difficult and
dangerous driving environment which was very uncomfortable and distressing.

Interestingly, the older drivers recognised the symbols’ functionalities and
familiarised themselves with the HUD interface within minutes. The users
commented positively on the simplicity of the system and the unusual comfort of not
needing prolix manual instructions, typically accompanying the majority of
navigation systems and other infotainment devices. This was a common observation
made by all the forty drivers that participated in the experiment. Furthermore the
users commented positively on the full-windshield projection, which immersed
the highlighted symbols with the actual scenery, enabling the older users to avoid
imminent collisions.

112.85
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mHDD

number of older users
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‘ ‘ ‘ 15.04

Figure 4 - Comparison of collision speeds (a) with HUD and (b) with HDD
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The subjective feedback was also supported form the numerical findings. Focusing
particularly on the older drivers group, the effect of the HUD usage became
immediately visible as the simulation recorded significantly decreased collision
occurrences.

An analysis of their driving behaviour through the numerical data revealed that the
older users managed to maintain a sufficient time-to-collision (TTC) window with the
lead vehicle/obstacle with the use of the HUD interface. In contrast the use of HDD
did not offer sufficient information which resulted in a significantly minute TTCs and
increased collisions as presented in Figure 4.

Notably users 4, 7 and 10 although maintained their distance from the lead vehicles
they lost the control of their vehicle in the road-curve negotiation, although they
managed to maintain their distance from the lead vehicles and the traffic congestion.
As such 50% of the older drivers that participated in this trial collided either with the
vehicles forming the traffic bottleneck or with the difficult hairpin type of road curve.

In contrast none of the drivers collided with these simulation elements when the
HUD interface was activated. Another interesting finding was the follow-up speed of
the lead vehicles that the older users maintained which was constantly higher with the
use of the proposed interface as depicted in Figure 5, without though exceeding the
motorway limits.

®BHDD
@EHUD

25

20

o
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|
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|
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number of older users

Figure 5 - Comparison of follow-up speeds (a) with HDD and (b) with HUD

This can be attributed to the fact that the highlighted information by the HUD
interface offered a significant advantage to the drivers and particularly to the older
population by enhancing effectively their vision. In turn the users could trace the
traffic and the indistinguishable objects more than 250m ahead even in low visibility
conditions. As a result the drivers could produce the typical motorway speeds, yet
remaining calm and in control of their vehicle.
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7 Conclusions

This paper offered a succinct presentation of the contemporary issues hindering the
older driving population. In turn, we presented our proposed guidance system which
entails a prototype HUD interface deployed in full-windshield. Adhering to the
typical spatial and situational awareness issues of the older drivers the system
provides the users with simplified visual information, yet crucial for the effective
collision avoidance. The evaluation of the system against the contemporary
instrumentation panels, suggests that the proposed HUD improves significantly the
users’ reactions and effectively decreases the collision occurrences. However the
system does not currently offer any customisation attributes. As the majority of the
drivers increased substantially their speed the system should be enabled in the future
to advise the user for the optimal driving speed in order to avoid abuse of the system’s
benefits.

Finally our future plan is the incorporation of auditory and haptic cues which will
complement the visual HUD warnings. Furthermore we envisage the development of
an automated calibration system which will optimise the visual HUD inputs according
to the visual characteristics of each user.
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