
  

Abstract— The automobile industry has produced many 

cars with new features over the past decade. However, the 

interaction between the driver and the car has not changed 

significantly. The information being delivered – both in 

quantity and method – from the car to the driver has not seen 

the same improvements as there have been “under the hood.” 

This paper proposes immersing the driver inside an additional 

layer of traffic and navigation data, and presenting that data 

to the driver by embedding display systems into the 

automobile windows and mirrors. Furthermore, we present a 

new technique for testing prototypes of such systems; an 

alternative to custom simulators or cars retrofitted with 

elaborate testing components. Our method of using the online 

virtual world Second Life to conduct driving simulations has 

the advantages of faster development time, lower costs, and 

simpler setups than many of the alternatives.   

I. INTRODUCTION 

utomobile companies have been quick to take 

advantage of advances in information and 

communication technology (ICT). Global Positioning 

System (GPS) receivers depend on satellites to help drivers 

navigate, while other commercial products such as GM's 

OnStar utilize cellular technology to support automatic 

communication between car and call center to fix problems 

with the vehicle and provide support in an emergency
1
. 

However, few automobile systems have taken advantage of 

breakthroughs in other technology-focused fields. Research 

in human-computer interaction (HCI) has transformed 

 
Manuscript received May 30, 2008.  

Kar-Hai Chu is with the Information and Computer Sciences 

Department, University of Hawaii at Manoa, Honolulu, HI 96822 USA (e-

mail: karhai@hawaii.edu).  

Samuel R. H. Joseph is with the Information and Computer Sciences 

Department, University of Hawaii at Manoa, Honolulu, HI 96822 USA (e-

mail: srjoseph@hawaii.edu). 
1 http://www.onstar.com  

personal computing, while augmented reality (AR) has the 

potential to radically change many different technology 

related fields. In this paper we describe how these 

technologies could be used to support car drivers through 

controlled information distribution. We propose an 

automobile heads-up display (HUD) integrated with a 

connected network of vehicles to improve awareness in 

driving and navigating. We will also present a new method 

of testing and evaluating our concept design. 

A. A Scenario 

One storyboard scenario is driving to a location for the 

first time. “Jane” will need to travel along suburban roads, 

city streets, and a major freeway to reach her destination. 

Jane’s GPS system has already plotted a path, so an 

illuminated directional arrow appears in the car’s HUD. As 

Jane enters the freeway, an accident has just occurred 

ahead, blocking off all but one lane and slowing traffic 

down. Almost instantaneously, new information appears in 

the car’s HUD. The estimated time under the original arrow 

(which is pointing straight ahead along the freeway) blinks 

rapidly in red and now reads “110 minutes.” A second 

arrow has also appeared; this new arrow is pointing away 

from the freeway, toward the next exit. Underneath the new 

arrow is another time estimate, reading “72 minutes.” Jane 

follows the new arrow to the exit; different signs continue 

to be augmented to show the path that Jane needs to follow 

to reach her destination. 
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Fig. 1.  GM’s OnStar Technology. 

 
 

Fig. 2.  An A-HUD mockup. A driver is looking straight ahead and 
seeing navigation directions based on traffic. 



Several of the technologies mentioned in the previous 

scenario are commercially available. However, the means 

by which they are integrated along with new technologies 

creates a system that offers much more than today’s 

devices. For example, GPS units can provide step-by-step 

instructions on how to travel from one location to another, 

but they are not seamlessly integrated with a HUD. 

Similarly, there are several different methods for traffic 

monitoring, but as of this writing, only the Dash Express
2
 

uses wireless broadband to collect real-time driving 

information from other vehicles. Some details of the 

different components of the system are discussed below, 

but a more comprehensive description, including potential 

applications, can be found in the authors’ technical report 

[12].  

II. SYSTEM OVERVIEW 

The Automobile Heads Up Display (A-HUD) is a 

combination of developments in ICT, specifically within 

the fields of HCI and AR. The A-HUD attempts to advance 

augmented reality usage beyond those used in aircraft 

simulations and supplement many of the information 

gauges inside cars.  

A. HUD 

Traditionally, automobile digital information screens 

refer to either the display directly in front of the driver, or a 

smaller supplemental screen in the center of the dashboard. 

They can give drivers an assortment of information; usually 

the data is simple, limited to gauges for speed, gas 

remaining, directional orientation, etc. However, as cars 

become more computerized, more information has been 

made available to the driver. Engine health, tire pressure, 

and navigation are among the plethora of information that 

is at the driver's disposal. 
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In recent years, HUD's have been incorporated into more 

cars. Popular in airplanes, both real and simulated, HUD's 

provide information to the driver (or pilot) without forcing 

them to shift their line of sight. HUD's are not a new 

concept in cars, having been seen as early as 1988
3
. 

However in the past 20 years, advances in technology have 

allowed more information to be displayed, and in 

considerably better quality. Today, several different car 

companies - including BMW, Lexus, and GM to name a 

few - have built HUD's into their vehicles. For cars without 

built-in HUD's, one can purchase 3rd party systems that can 

be installed to perform similar tasks.
4
  

HUD’s are an obvious choice to use as an interactive 

interface inside cars, although there are some safety 

concerns that should be addressed. Perceptual tunneling, 
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Fig. 4.  A driver shifting his sight to use a GPS navigator. 

 
 
Fig. 3.  The HUD from a BMW. 

 
 

Fig. 5.  Average brake reaction time when viewing navigation 
display in different positions [4]. 



cognitive overload and disruption, focal distance, and 

obscuring road information are all potential risks for the 

driver and require additional research [18][19]. However, 

there is also much evidence of their benefits. Their location 

is in the driver’s direct line of sight and does not require the 

driver to move their head. Studies have shown that HUD’s 

increase driver performance [6] while non-HUD navigation 

displays can result in much slower reaction times [5][7]. 

The use of HUD’s inside automobiles has opened up 

various possibilities for research [8][9].  

B. Putting it together 

Today’s car HUD’s primarily display their data on the 

driver side windshield. The amount of information 

available to the driver is limited to systems within the car, 

e.g. speed, gear, turn signal indicators, etc. One major 

reason for this is that as a driver’s cognitive load increases, 

it severely impacts their response time [2]. The A-HUD 

expands upon traditional HUD’s in two major 

characteristics. First, it will make available information 

from the outside world. The system will take advantage of 

its high-speed wireless connection to retrieve real-time data 

about other cars, road and traffic conditions, navigation, 

etc. This information can better inform the driver the best 

way to reach their destination. This approach can integrate 

not only all of the systems within the car, but also combine 

it with outside data to provide a clearer picture of the roads 

to the driver. 

The second improvement is the use of the windshield as 

the HUD. Information will not reside in a small area 

immediately in front of the driver; instead, we intend to 

utilize all of the windshields and windows to display 

information to the driver. With the information being 

received in the method mentioned above, there needs to be 

a way to process and deliver it in an organized and 

understandable manner. We do not want to overload the 

driver with an excess of raw information, but rather specific 

data organized to exactly what the driver needs, when they 

need it. 

A head-tracking device will constantly monitor where 

the driver is facing. Based on the orientation of the driver’s 

head, the system will project information in the windshield 

HUD wherever they are looking. A driver might see their 

speed and gas while they are looking ahead on the road, but 

if they turn to look for road signs, additional information 

such as traffic conditions or navigation data can be overlaid 

on the highlighted sign that they are facing, whether on 

another part of the windshield, a side window, or the rear 

window. This keeps information limited to only what the 

driver needs, and when they need it. Both recommended 

changes, the increased displayable area and extra 

information, would be seamlessly integrated in such a way 

that they will not significantly increase the driver’s 

cognitive load. In our introduction scenario, the registration 

and highlighting of a road sign is an example of adding a 

minimal amount of data for the driver to process while still 

providing valuable information. 

There are other similar projects that propose using large 

scale HUD’s for driver information [10]. However, many 

details still need to be worked out to make use of the entire 

windshield area. AR can be implemented without full-scale 

use of a windshield HUD, for both data gathering and 

research into different prototypes.  There is research [11] 

that not only discusses this gap and how to bridge current 

technology to future potentials, but also how persons other 

than the driver can benefit from these systems. 

III. RELATED WORK AND APPLICATIONS 

One straightforward application for A-HUD is traffic 

monitoring. Real-time information is expected to reach 

over 83 million drivers by 2012
5
. Current traffic monitoring 

devices include FM stations, satellite radio, road sensors, 

and traffic message channel (TMC). TMC is a popular 

choice inside GPS receivers. Its signals are sent via FM that 

cannot normally be picked up by standard car radios. Data 

in the United States is collected and broadcasted by 

companies such as Inrix, an aggregator of traffic 

information. In many cases, the data is integrated into a 

GPS receiver to help drivers find alternate routes when 

there are traffic congestions.  

The major sources of traffic information come from a 

combination of traffic reports, road sensors, and more 

recently, mobile phones and fleet vehicles equipped with 

GPS. However, even when combining multiple sources of 

information, the amount of coverage that traffic monitors 

offer is still very limited. Two major companies in the 

United States with GPS receivers that integrate traffic 

monitoring are Magellan and Garmin. As of this writing, 

Magellan provides traffic coverage for 50 cities in North 

America
6
; Garmin, through XM NavTraffic, offers 

reporting in 78 cities
7
.
 
 However, even those numbers can 

be deceiving; Coverage in most of those cities is usually 

very sparse, and in some cases restricted to only a few 

major highways. This is not a North American problem; 

Traffic monitors have similar limitations in Europe as well.  

The difficulty appears to that there are a limited number of 

road sensors that can provide accurate information and 

installing more is costly and time-consuming. 

There have been different attempts at alternate sources of 

information. IntelliOne has developed a system that tracks 

users via their mobile phones
8
. TomTom

9
 is a navigation 
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device that has released a new version called High 

Definition Traffic. The device itself, called “TomTom One 

XL HD Traffic,” claims to cover 10 times more roads than 

information sent via FM. One of the innovations 

incorporated into the new receiver is TomTom’s 

collaboration with Vodafone. This partnership also 

supports tracking of mobile phones within the Vodafone 

network, providing more accurate and current data. There is 

some research in developing a P2P network to 

communicate vehicular information [3], where ad-hoc 

organization and scalability might prove superior to a 

server-client system. The TraffoMeter System
10

 is another 

idea that takes advantage of mobile phones to send 

information on traffic conditions. Based on a server-client 

model, data from mobile phones can be used by companies 

such as Inrix to provide real-time traffic information.  

Google, Yahoo, and several other companies also provide 

traffic information aggregation systems. 

Aside from traffic monitoring, additional practical uses 

include speedy communication with other drivers, 

improved travel information, and ability to self-detect and 

repair minor mechanical problems. We also do not limit our 

invention to the confines of the car. AR glasses could 

continue to update the driver with information if they exit 

their vehicle. This simultaneously allows the driver to 

maintain any communication they have and continue to 

receive real-time information about their car (e.g. 

diagnostics report). 

IV. SECOND LIFE 

After developing the A-HUD concept, our next step was 

to select an environment by which we could test and 

evaluate A-HUD. Several options were considered as 

possibilities, but most were eventually rejected. Developing 

our own simulator would give us freedom of customization 

and control, but would have taken considerable amounts of 

programming time. Using existing automobile simulators 

offered the most realism, but was impractical given the 

complexities to setup, and the A-HUD had not reached an 

advanced level of development. Customizing a real car was 

neither practical nor cost-effective. 

We chose to explore the possibility of using Second Life 

as a simulation environment. As described by its website, 

“Second Life is a 3-D virtual world entirely created by its 

Residents. Since opening to the public in 2003, it has 

grown explosively and today is inhabited by millions of 

Residents from around the globe.”
11

 The world inside 

Second Life attempts to mimic many real world properties. 

For example, it has gravity, physical contact between users 

and/or artifacts produce the expected collisions, etc. Second 
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Life’s physics are generally realistic and the environment 

simulates many properties of the real world. 

Various organizations have begun utilizing Second Life 

for business, educational, or other specific purposes. 

Educators and researchers alike have taken advantage of 

the opportunities Second Life provides to study different 

forms of social interaction in a virtual environment. 

Medical education [15], business [16], online learning [17], 

and many other fields have used Second Life to conduct 

their research.  

Second Life users can employ a combination of GUI 

tools and a scripting language to create objects in the 

virtual world. The GUI tools enable users to create 

primitive objects (called prims), and then alter any number 

of its physical properties. Prims can be joined together to 

build more complicated objects. Users can then create 

scripts using the Linden Scripting Language (LSL).
12

 LSL 

is built for use exclusively inside the virtual world. Users 

can create complex scripts and attach them to prims, 

making them behave in many different ways.  

Vehicles are not necessary to traverse through Second 

Life, as walking and flying are just as, and sometimes 

more, effective. Instead, vehicles are usually designed for 

recreation and entertainment. Anyone can create vehicles in 

Second Life to their own specifications. LSL provides a set 

of functions to help Second Life users design unique 

vehicles. 

V. SECOND LIFE AS A SIMULATOR 

We determined that the Second Life environment offered 

the most practical and effective solution for prototyping A-

HUD. With many real world physical properties, we could 

test different driving concepts. Vehicles are already an 

inherent component within Second Life, such that 

specialized functionality is included in its scripting 
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Fig. 6.  Second Life simulation of A-HUD 



language. We could customize many of the features that 

would be impossible in the real world, such as traffic, 

streets, signs, trees, etc. 

We purchased land in Second Life, and began building a 

virtual closed course to test the A-HUD. Streets and signs 

were built, and natural terrains such as trees were added for 

effect. The functionality of A-HUD was programmed partly 

into the vehicle, and in some cases, into the environment. 

Our environment was a realistic, customizable, closed 

course where we could test A-HUD’s functions, change the 

design as needed, and continue to develop new ideas. With 

complete control over the structure and design of our 

environment, we are able continue to refine the A-HUD 

until it has matured to warrant a more realistic simulator. 

Within a short period of time, we can already investigate 

different A-HUD HCI components using our vehicles in 

Second Life. In the following section, we demonstrate how 

the Second Life test course can be used for automobile 

technology testing by simulating the A-HUD in a vehicle.  

VI. EVALUATING A-HUD INSIDE SECOND LIFE 

A. Setup 

We conducted a simple evaluation study on A-HUD’s 

usability to see whether Second Life would be a feasible 

simulator for testing automobile development. A small test 

course was created inside Second Life. The course had 

several intersections, with road signs that displayed street 

information. Testers used a joystick controller to navigate a 

simulated vehicle around the course. They were instructed 

that the signs would be highlighted with augmented 

information that would direct their travel to a pre-

determined destination. The augmentations were a 

combination of text and symbols (e.g. arrows) that would 

become visible when the driver was nearing the sign. Our 

independent variable was the distance at which the road 

signs would be augmented with information. Of the eight 

testers, two experienced the augmentations at 20 meters, 

three at 25 meters, and three at 30 meters (distances inside 

Second Life are roughly proportional to distances in the 

real world). We used the Morae
13

 software application to 

record each of the sessions for evaluation. 

B. Results and Future Work 

As expected, the reaction times of the testers who saw 

augmentations from 30 meters performed slightly better 

than those at 20 and 25 meters. They braked earlier for 

turns, and their turns were smoother. During informal 

discussions with the testers, we also gained unexpected 

insight into the augmentation designs. At one of the last 

intersections, there was a sign whose text read, “Avenue C, 

right.” The majority of the testers had made a turn on that 
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intersection even though the augmented directions were 

bright arrows under the sign directing the driver to continue 

straight ahead. After the test, we discovered that most of 

the testers gave higher priority to the original text on the 

sign rather than the virtual augmentations. This leads us to 

believe that given a conflict between “real” and virtual 

information, drivers will more likely follow the former. 

Users were also distracted by some of the virtual directions 

that gave instructions not to go in a particular direction by 

using red colors, and suggested they be removed entirely. 

Although we cannot make any general statement from 

such a simple evaluation, there is evidence that both A-

HUD is a viable concept, and that Second Life can serve as 

a rapid prototyping platform for testing and evaluating 

automobile concepts. We plan to continue expanding both 

ideas; A-HUD development can proceed to the next level 

of prototyping. We plan on developing the ability to 

augment real world traffic signs in real time to support a 

more realistic driving experience. We also plan to continue 

our development of Second Life to further demonstrate its 

ability as a driving simulator. Our immediate plan is to 

replicate different testing studies that have been conducted 

with different and more realistic simulators (e.g. [13][14]), 

and attempt to reproduce the same results. These replicated 

tests will give a more substantive answer as to whether 

Second Life is a reasonable alternative to more expensive 

and time-consuming car simulators. 

Second Life also offers an opportunity for many different 

users driving inside the simulation, all interacting in real 

time and with real effects. Studies could be conducted on 

real life driving situations between large numbers of users 

instead of virtual driving programs. Collaborations between 

different automobile technology research labs could be 

made possible within Second Life. 

VII. CONCLUSION 

A-HUD will display various types of information 

viewable by the driver without needing to shift their focus 

to a display console or GPS screen far from their point of 

view. It will fully immerse the driver within their car, 

displaying speed, traffic, navigation, and other data from 

any available windshield. It offers significantly more data 

than most navigation systems or HUD’s available today, 

while still maintaining a minimalist display method by 

tracking the driver’s line of sight. 

We used the virtual world Second Life to test the A-

HUD concept. Currently, we know of no other research that 

uses Second Life for the purpose of testing automobile HCI 

designs. Compared to developing an in-house simulator or 

purchasing/leasing existing car simulators, Second Life 

takes considerably less development time and costs much 

less money. It provides a functional environment where we 

can develop freely using LSL, customize any artifacts, and 



perform tasks that would not be practical in the real world. 

In our evaluation study, we have demonstrated both that A-

HUD is in principle a viable concept, and that Second Life 

can successfully serve as an early level prototype and 

assessment tool. We acknowledge that Second Life does 

not replace more realistic automobile simulators and do not 

recommend it as such, but rather as a low-cost, rapid 

development platform. 
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