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ABSTRACT

This paper outlines the development process of an augmented
reality video game prototype that combines a classic arcade driv-
ing game with a real world vehicle. In this project the user, or
driver, maneuvers the car-shaped arcade cabinet through actual
physical space using a screen as a navigational guide which rend-
ers the real world in the style of an 8-bit video game. This case
study is presented as a seamful augmented reality (AR) system: a
project that exploits inevitable technical limitations of AR. We
propose that the concept of seamfulness has important design
implications for both AR and electronic media art projects and
illustrate this through a description of the OutRun system devel-
opment process.

KEYWORDS: Seamfulness, seamful design, game design, game
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typing.

INDEX TERMS: H.5.1 [Information Interfaces and Presentation]:
Multimedia Information Systems — artificial, augmented and vir-
tual realities; H.5.m [Simulation and Modeling]: Types of Simu-
lation — gaming; J.5 [Arts and Humanities]: Fine Arts, Performing
Arts; H.5.m [Information Interfaces and Presentation]: Miscella-
neous.

1 INTRODUCTION

The OutRun project is a game and media art project that explores
the overlap between the physical world and game environments.
OutRun explores the act of driving a vehicle and the interstitial
space between everyday life (driving an automobile) and a simu-
lation of it (playing a driving video game) by combining the real
world and OutRun, an 8-bit arcade driving game released by Sega
in 1986. This project features two main components:

1. Cabinet-Car: A car-shaped sit-down arcade cabinet from Se-
ga's OutRun is converted into a small car that can actually drive.
This is done by modifying an existing fiberglass and wood cabinet
to include motors, wheels and drivetrain components from an
electric golf cart. This customized cabinet-car uses the existing
videogame controls (steering wheel, acceleration pedal, brake
pedal) to control the vehicle to a maximum speed of 20 kilometers
(13 miles) per hour. See Figure 1 for a mockup diagram of the
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completed cabinet-car.

2. Custom Augmented Reality Software: The screen, which is
positioned in front of the driver, renders the real world in the style
of the 1986 video game OutRun by Sega. This is done through
custom-built software to display a street-level view rendered in
the style of the vintage video game. In other words, the driver
only sees an 8-bit-style game rendered in their "windshield,"
which appears as if they are playing the 1986 videogame. Accele-
rating or turning the car-cabinet in the real world will proportion-
ally change the display. Although the screen will mimic the real
world around it, it is expected that the augmented display and the
real world will not match perfectly.
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Figure 1. A mockup of the proposed OutRun video game concept
car functioning outdoors.

This project is motivated by the following concepts:
1. The De-Simulation of Driving - This project de-simulates the
driving component of a videogame. Driving game simulations
strive to be increasingly realistic, but this realism is usually fo-
cused on graphical representations. Instead, this system pursues
"real" driving through a videogame as its primary goal.
2. GPS Navigation & Mixed Reality Seamfulness - Driving in a
real automobile with a GPS navigation system can be game-like.
This project explores the consequences of only using a computer
model of the world as a navigation tool for driving. The wind-
shield of this project's vehicle only shows a re-rendered simula-
tion of the immediate environment, and as a result, driving it in
the real world will likely be difficult or dangerous. As a result,
this project explores and investigates how augmented reality and
GPS data differs from the physical world, and what happens when
an augmentation of reality envelops and obfuscates reality.
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A system that intentionally plays with parallax between the
physical environment and mixed reality can be described as seam-
fulness, a concept initially proposed by Mark Weiser in 1994 [27]
and expanded since 2002 by Matthew Chalmers and other re-
searchers at the University of Glasgow [21] [8] [7] [2] [3] [6].
Seamful design can be defined as an approach to reveal and ex-
ploit inevitable technical limitations in ubiquitous computing
systems rather than hiding them. Seamful design starts with the
assumption that infrastructures and users in the real world have
limited technical resources: patchy network coverage, fluctuating
signal strength for wireless networks and inaccuracies in position-
ing systems are the norm, not the exception. For example, seamful
design argues that these seams and gaps should be exploited and
used in mobile game design for more fault-tolerant usability and
more engaging gameplay.

2 RELATED WORK

Augmented Reality games and art projects “move beyond the
traditional computer interfaces and into the physical world to
occupy time and place on a human scale.” [14]. As Falk and Da-
venport describe, these games blur lines of demarcation between
games and life: the real world is overlapped with game worlds,
and game artifacts are combined with real world objects.
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Figure 2. Seek n' Spell, where players collect virtual letters by mov-
ing through physical space (left) and spell words for points (right).

AR players typically explore a physical game space that is
augmented by virtual information, usually as two- or three-
dimensional objects overlaid on a map of a physical environment.
To augment the virtual information on the maps, players’ posi-
tions are tracked by Global Positioning System (GPS) software
and information is usually displayed on handheld computers, mo-
bile devices or head-mounted displays. Examples of AR games
that use two dimensional location data include Blast Theory's Can
You See Me Now? [4] and Bystander [12], MIT Teacher Educa-
tion Program's Environmental Detectives [13], Radford Universi-
ty's Alien Contact [11], ITP's PacManhattan [5] and Retronyms'
Seek ‘n Spell [25]. In addition to two dimensional tracking of
location, player orientations can be tracked by computer vision,
digital compasses or inertial sensors to create more complicated
AR environments. Examples include Bruce Thomas' ARQuake

[25], National University of Singapore's Human Pacman [9],
1PerG's Epidemic Menace [19], and Acrossai's Virus Killer 360
[16]. AR systems are widespread, and have also been developed
extensively by contemporary artists [10].

21 Seamfulness in AR Games

Two game examples — Retronyms' Seek n' Spell and Blast
Theory's Can You See Me Now? — are useful in analyzing the
concept of seamfulness in AR game systems.

Seek ‘n Spell is a commercial mobile application developed by
Retronyms in 2009 [25]. Virtual letters are located in outdoor
space to create a competitive AR word game in the style of Scrab-
ble for a group of people. An augmented map is used to see the
location of letters, and the goal is to “pick up” letters before other
players by moving quickly through physical space (Figure 2, left).
Once collected, the letters can be arranged into words and submit-
ted for a score: each tile can only be used once, and longer words
are worth more points (Figure 2, right). The player with the best
score when time runs out is the winner.

Seek 'n Spell works best in spaces with a good cellular signal, a
good view of the sky, and its developers suggest turning off Wi-Fi
to prevent potential interruption and interference with the cellular
network. Like many AR games, Seek n Spell requires a reliable
communications infrastructure for engaging gameplay.

On the other hand, Can You See Me Now? (CYSMN) is an
augmented game that is designed to have the potential for more
engaging gameplay when technical infrastructures are degraded.
CYSMN is an AR art project built by Blast Theory and the Mixed
Reality Laboratory at University of Nottingham that explores the
relationships between online players and players in a physical
street [15]. The project is an augmented game of catch, where
online players navigate through a virtual model of a city to chase
people in the real world. These 'runners' — or street players — have
to traverse actual city streets in order to escape being caught by
online players [4]. Physical street runners carry GPS systems,
walkie-talkies, and handheld computers with maps of their imme-
diate environment that include avatars of online players (Figure 3).

Figure 3. A “runner” is pursued by online players while using Can
You See Me Now, an AR game by Blast Theory and the University
of Nottingham's Mixed Reality Laboratory.

CYSMN's gameplay is improved as subtle differences between
the physical world and the virtual map of the world are explored:
for example, physical runners became familiar with real-world
locations that have poor GPS coverage that made it difficult for
online users to find them. In other words, technical inaccuracies —



or points at which the technical infrastructure is not seamless — are
points of leverage where gameplay is made more interesting. This
can be thought of as seamful design. The gameplay is changed
instead of suspended, creating an emotionally engaging cultural
space that assumes that uncertainty is constant when dealing with
mixed reality systems.

In a similar manner the OutRun project has engaged with the
concept of seamfulness in its development process and has found
that parallaxes between the physical environment and data have
provided the most emotionally engaging moments of gameplay. In
agreement with Chalmers et al., we propose that seamfulness has
especially relevant implications for design, especially to AR and
AR art projects. The technical complexity of AR and the budgeta-
ry limitations of most media art projects demand a plan for grace-
ful degradation. In addition, seam-minded design provides a path
for user metagaming: to play with the game itself, enabling the
user to transcend a prescribed rule set of the game, to use external
factors to affect the game, or to go beyond the perceived limits or
environment set by the game.

3  PROJECT DESIGN AND DEVELOPMENT PROCESS

The OutRun system began as a project proposal by Garnet Hertz
in January 2009. Active development started in June 2009 after
five undergraduate students at UC Irvine were recruited as interns
from the course “Computer Games as Art, Culture and Technolo-
gy” [20]. The building of the system has two key thrusts: the me-
chanical construction of a drivable cabinet-car and the design of
AR software that renders the real world in the style of the 8-bit
driving video game.

31 Cabinet-Car Design and Development

The key physical prop in the development of this system is the
building of a “video game concept car”, which is the conglomera-
tion of two components: a 350 kg (770 1b) “Deluxe” Sega OutRun
system and a four-wheeled 2007 Ez-Go RXV electric golf cart
(Figure 4). This car is currently scheduled for release in October
2010.

The humor of building a sidewalk-cruising video game is a
strong emotional link into the project. It borrows from a diverse
range of sources: automobile showcar culture like Ed “Big Daddy”
Roth, extreme computer case modification communities, live
action role playing gamers (LARP) [26], and contemporary racing
videogame simulators with highly customized computer hardware
peripherals, accessories and props to augment game play.

The OutRun project extends the pursuit of immersive simula-
tion by reconnecting the reproduction with its original source:
actually driving. This intentional inversion of simulation and re-
ality is a common artistic tactic: notable examples in this field
include Tekken Torture (2001) by C-Level, Tazer Tag (2005) by
Randy Sarafan, and PainStation (2001-2003) and LegShocker
(2002) by Tilman Reiff and Volker Morawe [18]. These systems
don't intend to solve a particular problem, but instead are focused
on building game experiences that are emotionally or conceptually
engaging.

Art-based projects that place an emphasis on emotional en-
gagement often use narratives, costumes, props, and cultural sym-
bols in their work. For example, Pac-Manhattan (2004) is a large-
scale urban game that utilized the New York City grid to recreate
the 1980's video game Pac-Man. A player dressed as Pac-Man ran
around an area of Manhattan while attempting to collect all of the
virtual "dots" that ran the length of the streets; four players
dressed as the ghosts Inky, Blinky, Pinky and Clyde attempted to
catch Pac-Man before all of the dots were collected [5].

Like Seinfeld's George Costanza pushing a Frogger arcade ma-
chine across a busy street in the real world [17] or people running
through New York dressed as characters from Pacman, our project
can be partially understood without any particular on-screen con-
tent. As a result of its sculptural and performative nature, the vid-
eo game concept car provides us with more flexibility in building
software that is displayed on the system's screen.

3.2  Software Design and Development

Software development of the project has focused on drawing the
world like an 8-bit driving videogame (Figure 5): if a road actual-
ly appears in front of you that curves to the left, the system would
draw an 8-bit style road on the screen that curved to the left.
Development of this software has taken two different paths: 1.
Using location-aware technologies like global positioning systems
(GPS) to place and move the user in a virtual world, and 2. Using
computer vision to detect landscape and objects in the real world.
During development, we used the concept of seamfulness to de-
termine which approach was best for our project: one method
produced significantly more interesting results when being tested
in less-than-ideal technical situations or contexts we had not orig-
inally planned for.

Figure 4. Physical components of the OutRun concept car: an
electric golf cart and a Sega arcade game system from 1986.
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Figure 5. A screenshot from the first level of the original 1986 video
game OutRun by Sega, which we used as the basis for our AR
game world.

3.2.1 OutRunGPS: Locative Development Path

One development path involves location-aware technologies like
global positioning systems (GPS) to locate the user in an 8-bit
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style virtual world. This approach took data from the physical
world — like street data, land shapes and building placement — and
built a pre-rendered three dimensional virtual world that could be
navigated using real time GPS sensors.
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Figure 6. Two dimensional media assets being assembled using
Google SketchUp, recreating the start sequence of the original
OutRun game on Park Avenue, Balboa Island.

Figure 7. Real-world testing of OutRunGPS software on Balboa
Island: due to limited GPS location resolution, users appeared as if
they were driving through rows of trees.

The three dimensional virtual world was built as an overlay in
Google Earth, and was constructed in Keyhole Markup Language
(KML), an XML-based language schema for expressing geo-
graphic annotation and visualizations. To simplify development
and testing of this approach, we focused on small geographic
areas: Balboa Island and the UC Irvine Campus in Orange County,
California. Ground maps for this 8-bit-styled environment were
built non-programmatically from street and earth data, and objects
like trees, buildings, automobiles and people were sampled from
the original OutRun game. The world was assembled using
Google SketchUp, a 3D modeling program that facilitates the
placement of models in Google Earth (Figure 6). After assembling
scenes on Balboa Island and the UC Irvine Campus the locations
were physically navigated with a Q1UP-XP Samsung UMPC
Tablet and a Nokia LD-1W Wireless GPS Module.

Real-world testing of this OutRunGPS system showed that the
GPS module had a resolution of approximately ten to fifteen me-
ters and a location refresh rate of about three seconds — which is
similar in performance to most GPS-enabled mobile phones.
These factors made real-time interaction with the virtual world not
as immersive as we would have liked: in Balboa Island tests, the
lack of GPS resolution positioned us as driving through a row of
trees (Figure 7) and the position refresh rate produced a lurch-
ing/hopping sensation as you moved down the street, at least
when viewed from the perspective of the original video game.

Although a higher resolution GPS receiver (like a Navcom SF-
2050G with an accuracy of 10 cm) could have been implemented
to remedy some of these problems, we felt that a seamless correla-
tion between the physical environment and the game world was
detrimental for the game experience. Driving a real-world car at
40 kilometers (25 miles) per hour through the 8-bit virtual world,
for example, seemed painfully slow in comparison to the 200+
km/h (120+ mph) average speed of the original game. Seamless
proportionality highlighted how slow and mundane everyday real-
world driving is in comparison to a driving game. In our Out-
RunGPS implementation the strictly locative system had poor
playability, uninteresting seams, and little leverage for metagam-
ing.

3.2.2  OutRunCV: Computer Vision Development Path

An alternate development path for the OutRun AR software began
with the development of a realtime computer vision (CV) system
using Max/MSP/Jitter 5, an interactive graphical programming
environment for music, audio, and media [28]. We used
cv.jitlines developed by Jean-Marc Pelletier to extend the vision
and image processing capabilities of Max/MSP to include the
ability to detect lines within a live video stream from a camera
positioned at the front of the vehicle. Given a grayscale image or
video stream, cv.jit.lines detects straight lines by detecting edge
pixels using the Canny algorithm and then using a Hough trans-
form to identify straight lines [23].

Since the main activity of our game was driving, we felt that the
most important aspect of our computer vision system was to find
the shapes of real-world roads. Our tests involved taking forward-
looking single camera video footage through a number of differ-
ent environments that the cabinet-cart might be able to drive, in-
cluding roads, sidewalks, and paths. This footage was then
processed through cv.jit.lines then through a number of custom
vision filtering algorithms to try to programmatically determine
road shape.

In our opinion, the most important road characteristic was its
direction: whether the road was turning to the left, going straight
or turning to the right. This decision was influenced by the struc-
ture of the original game, which does not feature intersections,
stop signs, or parking lots. The world of OutRun is a high speed
racetrack that cuts through the landscape, and we therefore felt
that our priority was to mimic this.

As of May 2010, we determine road direction by taking the ar-
ray of endpoints generated by cv.jit.lines and evaluating them to
calculate the road's vanishing point with a custom-built software
module called VPDetect. This algorithm was inspired by an intui-
tive method of looking at angled straight edges to find the vanish-
ing point. These straight edges come from lines that are parallel in
the real world but converge when converted to a 2 dimensional
image. These lines are extended until they point at a single loca-
tion: the vanishing point. The road is then assumed to curve from
the driver's location towards the vanishing point.



Figure 8. VPDetect processing output from cv.jit.lines to determine
the road vanishing point, indicated by the white dot in the center of
the image.

The object first removes all lines that are perfectly horizon-
tal/vertical, then creates a list of all points of intersection between
all pairs of lines. The VPDetect object calculates the general inter-
section of these lines through the median or mean of the x and y
coordinates and is assumed to be the location of the vanishing
point (Figure 8).

Our VPDetect algorithm works well in most conditions, but still
falters when lines that do not indicate the correct vanishing point
are present in a scene. A large amount of irrelevant lines influ-
ences the average/median of the coordinates and can result in
inaccurate road vanishing point predictions. Shadows, parked cars,
crosswalks and other objects in the environment can increase
VPDetect's inaccuracy.

Figure 9. Custom Flash-based game developed in the style of
OutRun, with a road endpoint controllable by computer vision data
calculated by VPDetect.

Despite some inaccuracies, the calculated endpoint produces in-
teresting results when rendered in the style of an 8-bit driving
video game. We constructed a simple Adobe Flash-based driving
game that emulated the style of the original Sega OutRun game
(Figure 5) that was controllable by our Max/MSP/Jitter vision
software (Figure 9). As the VPDetect-calculated vanishing point
moved from right to left, our OutRun Flash road endpoint moved
from right to left.

Figure 10. The OutRun computer vision system being tested on a
Samsung UMPC Tablet in an indoor hallway at UC Irvine.

An unexpected benefit of using computer vision is that the sys-
tem is enjoyable to play with in several different contexts: driving
a bicycle down a path, walking down a sidewalk or hallway, gaz-
ing up the trunk of a tree, or using it through a stationary webcam
and attempting to look “road-like”. Although it could be consi-
dered to be less accurate than a GPS system, it robustly functions
without wireless access, satellite tracking or cellular coverage.
The inaccuracies of determining vanishing points are made up for
by the system's flexibility: when OutRunCV is put on a tablet PC
with a camera, it becomes a pervasive game where the user ex-
plores their environment for “roadness”.

4  CONCLUSION: SEAMFULNESS AND ARTWORKS

The OutRun project is designed to fail as a device that will seam-
lessly permeate the boundary of real life and a game. In other
words, it is intentionally built as a seamful system with faulty
logic at its core: attempting to map a 1986 video game into the
real world will never likely result in a seamless transition between
game and life. However, this is a key artistic asset of the OutRun
project. Like several art-based game projects, OutRun does not
propose a solution to a problem: it intentionally magnifies and
embraces an impossible gap between simulation and reality. Simi-
lar to projects like Blast Theory's Can You See Me Now? [4] it
does not see a line between game and real life, but rather a plea-
surably impossible area: an uncanny valley between the familiar
and a facsimile of it [22].

In our development process, we have favored a computer vision
approach to augmenting reality: it offers more flexibility in ex-
ploring, extending and playing in the gaps between virtual and
physical spaces, and its technical limitations and inaccuracies
generally produce emotionally engaging results.

Although our OutRunCV system and Flash renderer are in
some ways more of a simulated reality than an augmented reality,
we agree with Chalmers et al. that seamfulness has especially
relevant implications for mobile locative game design. Because of
the relative complexity of most AR software and hardware sys-
tems, we see the designing of gracefully degrading and fault tole-
rant systems as an important task. In our case, seamfulness has not
only given us a model to think about the robustness of a system
during technical malfunction, but has improved player experience
by enabling the user to go beyond the perceived limits set by the
game and into the beautiful seams of everyday life.
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