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Abstract

Mixed Reality systems explore the overlap of the digital information and 

physical space. Dartmaps is a game system that leverages this technology to 

create new spaces for digital play in physical space. The system works by 

throwing physical darts at a projected image of the Earth, which reacts to the 

location of the darts through Computer Vision. Players compete to hit a series 

of geographic locations using a limited number of darts, and are awarded 

points based on their performance. Google Earth is utilized to render the 

game’s geography, providing authentic satellite imagery for the environment. 

The utilization of existing technologies and game mechanics allow for more 

thorough consideration of the user experience than has been applied in previ-

ous Mixed Reality game experiences. 
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Part	I

Introduction and Impetus

IntroDuCtIon

In recent years, attitudes surrounding video games have begun to shift. A 

recent study conducted by the NPD Group finds that video games are now 

considered to be family/group activities, and helpful stress relievers. This is 

a far cry from only a few years ago, when the rise of the video game industry 

was being correlated with anti-social behavior. Despite this shift in the popular 

opinion of gaming culture, the game industry relies on particular design pat-

terns that are not always sensitive to the progressive evolution of video games 

as an independent medium. In exploring emerging interactive technologies that 

could potentially propel gaming forward, it has been discovered that a number 

of experiential modes of interaction are available, yet remain largely unex-

plored by the games industry. The goal of Dartmaps, is to utilize existing and 

emerging technologies to create an immersive digital play experience. This 

experience can then be utilized to explore game themes and content that play-

ers cannot experience with mainstream video games. 

thesIs stAtement

Mixed Reality can make game experiences in social gathering spaces more 

immersive.

AntIthesIs

The developers of Mixed Reality systems build games based on existing me-

chanics that break down when ported to the physical world.

Fig. 1-1



Dartmaps	 Cameron	Browning	 	 �

synthesIs

The design of a Mixed Reality game using a neutral technology platform 

(Google Earth) that does not influence the formal system of play.

Impetus

The proliferation of low-cost optical input and output devices has created a 

culture in computing where everyday users are able to design and develop 

their own unique interfaces. This trend allows for computation to be included 

in spaces that have not previously been digitally augmented. Mixed Reality 

(MR) Gaming intends to explore the intersection of Augmented Reality with 

Augmented Virtuality in the context of conventional games played in social 

gathering places. The emergence of Massively Multiplayer Online Worlds 

provide “social” spaces for users to explore an environment that mimics the 

physical world, but the stigma of participating in these worlds as well as the 

isolation they can bring about limits their cultural reach. (Williams 2006; 

Lloyd 2007) By utilizing a system that reads and responds to the real world, 

digital play experiences can be enjoyed while maintaining meaningful social 

contact through physical, skill-based play. The social contact I intend to pursue 

will not be constructed using the computational design, or even the game 

mechanics of a Mixed Reality game. Rather, existing games that occur in the 

physical social world will be built upon as a space to introduce computational 

gameplay without transporting players’ attention into a purely non-digital 

space.

MR Gaming brings together the very technical field of Augmented Reality 

interaction research into a tangible form that can be introduced to uninitiated 

users. By leveraging interaction models drawn from conventional games that 
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the average bar patron will be familiar with, the barrier to entry into complex, 

computationally-augmented gameplay will be removed. My hope, is that while 

the focus of this project is on games, my research will precipitate wider adop-

tion of unconventional interactive systems in other fields. 

 

My original thesis idea consisted of a system to augment printed publications 

with new media content. The idea was to utilize Computer Vision to detect 

what printed material was being read, and to superimpose digital content on 

top of the printed material. While I felt pressure from the publication industry 

to develop ways to integrate classical and new media together, my work in 

online publications over the past 18 months has made me less interested in 

attempting to breathe life into an industry that is simply not politically-com-

patible with contemporary media culture 1. In spite of my disenchantment 

with the contextual drive of this idea, I am interested as to how the technology 

developed for MR Games will travel into the realms of new media to poten-

tially alleviate some of the discontinuity that consumers of classical media 

are confronted with when approaching online syndicated content. However, 

by framing the project in the context of games, I will be able to tap into the 

deeply-rooted drive in humans to explore play, without being influenced by the 

economy or politics of the printed page.

In approaching MR Games, I will draw from my experience in designing and 

� The idea of augmenting printed publications is primarily driven by the publishing in-
dustry. Initiatives such as the CueCat provided platforms on which readers could travel 
through the printed content to learn more about a particular topic. While this presents 
an interesting extension of reality into an existing form of media, the economic struc-
ture of the CueCat was driven by advertising. With ad revenues (and budgets) falling 
rapidly at all but the biggest magazines, publishers are desperate for a lifeline into new 
media, but are often unwilling to relinquish the cultural control that the printed page 
provides. In designing a Mixed Reality system, I am unwilling to allow the politics of 
publishing be embedded into software running on machines that will appear ubiqui-
tously in the environment. It’s simply too Big Brother.
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building Computer Vision art interactive art installations. My challenge will be 

in taking the participant in the art from their role as a viewer to a player. My 

experience with iterative game design should help me, and I plan to buttress 

that knowledge with research on the philosophical, cultural, and sociologi-

cal implications of playing games. I will also conduct research into a number 

of social gathering places that would support games and play using MR. The 

crucial element of this project is to provide solutions that will work outside of 

a gallery setting, where players will approach a game for the same reasons that 

conventional games are approached. That is to say that they approach a game 

for the paradoxical aims of playing for the sake of playing, and also competing 

to win (Kolnai 1966:103-28)

To me, the implications of MR ties together today’s dichotomy of digital and 

real spaces. While the experiences of today’s digital worlds offer users new 

perspectives on social gatherings and play, the overlap between those experi-

ences, and the sports found in stadiums, or the games played in recreational 

environments is under-explored.

In designing the gameplay of Mixed Reality Games, I hope to provide an ex-

perience that effectively hides the technology, but makes clear the computation 

and interaction inherent in the technology clear to users. In doing this, I expect 

that users involvement will increase over time, as the play elements and social 

interaction in real space allows potential players to overcome their anxieties of 

dealing with unconventional systems of play, and unique, computational inter-

action models. Avedon and Sutton-Smith describe this aspect of game research 

as follows:
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The individual and psychological motivation for game playing is the presence 

in the player of anxieties and conflicts induced by antecedent child-training 

processes. The game is enjoyable to the player because it consists in a sym-

bolic statement of these conflicts, and because in the course of the buffered 

learning that the game provides, the player develops confidence and com-

petence to handle the real life situations toward which the original anxieties 

point. [Avedon and Sutton-Smith 1979:436]

By using a Mixed Reality system as a context for games that address the 

anxieties described by Avedon and Sutton-Smith, the practical skills gathered 

by the game interaction can more readily applied to complex (and increasingly 

digital) systems that the audience will be likely to encounter.

This project will hold my interest because of the complex and deeply rooted 

nature of games, as well as what I see as a cultural imperative to inject the 

excitement and wonder of digital worlds into physical environments. By alter-

ing the relationship between video games and conventional games, an infinite 

number of iterations and modifications can be made to enhance the conversa-

tion between players, their games, and the context in which the act of play 

occurs.
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Part	II

Domains & precedents

When virtual worlds made the move from science fiction to reality in the 

1990s, the systems used to interact with these worlds seemed tacit. The differ-

ence between the experience of engrossing oneself in a head-mounted display 

and engaging in a completely digital world was the polar opposite of engaging 

in so-called “real world” activities. Enter Paul Milgram, who defined a clear

 continuum of Mixed Reality with which to compare and evaluate digital 

experiences. By contextualizing a number of unique-interface precedents using 

Milgram’s framework, a clearer picture can be seen as to the transformative 

nature of their interfaces.

From the perspective of Game Design, as defined by Katie Salen and Eric 

Zimmerman’s Rules of Play, looking at a number of games across the entire 

Continuum of Virtuality (Fig. 2-1) will help to focus in on the themes and vi-

sions of how game spaces can be augmented with technology to create more 

immersive experiences.

In addition to researching these two primary domains, I have also identified 

the intersections of geography and sociality in games as important aspects of 

the development of the Dartmaps project.

mIXeD reALIty

In looking at a large number of precedents (52--see Fig. 2-2, Appendix) 

related to Mixed Reality systems, precedents have been identified a falling on 

continuum of ART, INTERFACE and GAME interactions. While the inter-

Fig. 2-2

Fig. 2-1
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faces identified as “Art” displayed various themes and practices that involved 

aspects of Mixed Reality, the “Interface” precedents include specific models 

for user interaction. The number of “Game” systems is considerably fewer in 

the landscape of Mixed Reality Research, but features a number of interesting 

projects with emergent gameplay based on the display and input properties of 

their respective systems.

In looking at art installations that reference themes of Mixed Reality, the work 

of Aram Bartholl stands out (Fig. 2-4). His work often centers around the re-

production of digital objects in the physical world. Bartholl’s WoW establishes 

digital identities in the physical world through the creation of nametags that sit 

above the wearer’s head, simulating the way identity is broadcast in World of 

Warcraft. Chat explores similar themes by mimicking the textual chat conduct-

ed in gamespaces, while Speed indicates to drivers in the real world where to 

go, much like the exaggerated indicators in racing games. These projects focus 

on the wonder and humor in seeing elements from the digital world transport-

ed into physical spaces. While this work lacks the technological sophistication 

of projects normally considered Mixed Reality, it successfully captures the 

experience of  witnessing the physically improbable in Reality with minimal 

technology.

Gulliver’s World, a project by  Scott Ritter and Jakob Illera is a system that 

clearly spans Milgram’s definition of Augmented Reality and Augmented Vir-

tuality. While it is difficult to consider Gulliver a “game” with of its decisive 

lack of measurable goals or formal rules, it represents an important expression 

of the Mixed Reality experience through highly technological means. The sys-

tem consists of nine activity areas, where users are able to create and modify 

Fig. 2-4
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3D objects and animated sprites that can be introduced into a 3D environment. 

Each activity area has a specific function in the creation or experience of the 

3D environment. Objects are sculpted out of plasticine in one area, scanned in 

three dimensions in another, and then painted onto a specific 3D world using 

a physical paintbrush or rubber stamper interface in another (Fig. 2-6). The 

object data is collected into a central server, unseen by the user. What is visible 

and tangible to the user is a number of plastic slabs with invisibly-embedded 

RFID chips that serve as physical placeholders for the object information. 

These chips are inserted into slots around many of the activity areas, where 

the information associated with the particular chip is immediately displayed 

graphically on a screen next to the slot. This aspect of Augmented Virtuality 

allows users of the system to keep track of their digital information in a physi-

cal form that can easily be picked up and carried from station to station, with-

out the necessity to call up a particular file from each application. Gulliver’s 

World also users to record themselves on a green screen for inclusion into the 

3D worlds. The physical metaphor for storage of this information is inside a 

transparent plastic box. These boxes, also outfitted with embedded RFID chips 

work in a similar way to the plastic slabs used for static objects, with the ad-

dition of visual semacodes printed on the top of the boxes. The reason for this 

additional layer of embedded micro-information becomes significant when the 

user places the box they have “recorded themselves into” onto a large circular 

table that serves as the centerpiece  of the installation where they are tracked in 

two-dimensions with Computer Vision. A position and rotation-aware dummy 

camera is placed on the table (Fig. 2-5), which can then be aimed at the boxes 

placed on the table. A projected screen displays a live video image of what 

the dummy camera would see if it was transmitting live video, except that the 

plastic boxes are replaced by either digital characters, or images of users that 

Fig. 2-5

Fig. 2-6
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have been recorded over them. This aspect of the system closely resembles 

more classical definitions of Augmented Reality, where a live image of the real 

world is overlaid with digital information. While this system is not explicitly 

a game interaction, since it does not have a clear, measurable goal, it provides 

an enjoyable sandbox-style interaction that users of all ages can enjoy for long 

periods of time. In observing the flow of visitors through the installation at the 

Ars Electronica Center, I observed several adults participating in the various 

activity spaces for upwards of 30 minutes, while children exhibited no signs 

of boredom or frustration at the end of my observation time of over an hour. I 

believe this to be a direct result of the heavy use of various aspects of Mixed 

Reality as an interface to a creative, and character-driven interaction system.

These two approaches to the themes of Mixed Reality clearly illustrate how 

fusing digital and real worlds can create compelling experiences for viewers 

and users. While Bartholl’s work transports digital elements in the real world, 

Gulliver’s World visualizes and augments the imagination at work in chil-

dren’s play. The desire of Mixed Reality Games is to leverage the immersive 

experiences of Mixed Reality in designing new spaces for formal gameplay.

GAme DesIGn

Game Design is a broad field encompassing all aspects of contemporary digital 

design processes, as well as the design of formal and experiential systems of 

play that need to be constructed in order to develop achieve the holy grail of 

fun in a game. In Katie Salen and Eric Zimmerman’s Rules of Play, Game 

Design is approached as the design of formal, experiential and cultural sys-

tems of interaction. Special consideration is also paid to how spaces of play 
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are constructed within a “magic circle” of play. This is of particular impor-

tance in terms of Mixed Reality Gaming’s context in social gathering places. 

I have conducted informal discussions about Game Design considerations for 

Mixed Reality applications with Nick Fortugno, the designer behind the wildly 

popular casual game Diner Dash, as well as Miss Management and Ayiti 

and the Cost of Life. I will also be interviewing Clark Browning and Marco 

Pecota, designers of Legions of Steel, a tabletop combat game that maintains 

a devoted player base, some 15 years after its original release. In designing a 

Mixed Reality game, I will utilize this community of designers, in conjunction 

with ongoing formal analysis of digital gameplay from a variety of media in 

devising design strategies that will properly reflect the experiential needs of 

users in social gathering places.

The most prevalent of real-time multiplayer game designs where players are in 

the same location is found in team sports. However, augmenting team sports 

often conflicts with the fairly closed nature of their formal systems of rules. 

Where Augmented Reality can, and has been introduced is in the broadcasting 

of professional team sports. The Foxtrax SuperPuck (Fig. 2-7) is an ice hockey 

puck with embedded infra-red lights that is tracked by multiple Computer 

Vision systems throughout NHL arenas. While attendees of the actual game 

cannot see it on the ice, Fox augmented their broadcasts of the games with 

streaks coming off the puck when it was passed or shot. A similar system was 

designed for American Football by Sportvision, who were able to highlight 

the first down line on the broadcasts of several television networks with their 

1st and Ten system. Sportvision also provides effects for NASCAR races  that 

places colored flags above each car, to make them easier to follow on TV 

broadcasts. These augmented reality systems have been applied to advertising, 

Fig. 2-7
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going so far as to create virtual bridges (that don’t exist in physical space) in 

their broadcasts of the Toronto Molson Indy Car Race, just to place additional 

advertising on it. While much of this work is limited to broadcasting, there 

are some projects using wearable technology to augment team-based sports, 

such as Team Awear, a project funded by the Australian Basketball Associa-

tion to integrate dynamic displays into the uniforms of players. The emergent 

gameplay that location-aware information would have on sports is particu-

larly interesting. However, Team Awear’s adherence to an already-established 

set of sports rules and conventions eliminates the iterative design process of 

designing a new formal system for social play in social gathering spaces, that 

I believe is essential to maintain a sufficiently engaging experience for uniniti-

ated players.

In order to build a Mixed Reality game, a number of different game systems 

need to be looked at. Popular Culture’s fascination with Professional Sports 

has helped with the development of augmented reality systems, but these 

systems do not offer the ability to modify the formal system of the established 

sports systems. However, games with culturally-subjective rules, especially 

bar-games allow for more flexibility in the way people play. The integration of 

physical objects as game pieces, like in board games or bar games, essentially 

necessitates the need for some sort of turn-based gameplay drawn from con-

ventional games. However,  formal mechanics in conventional games without 

explicit turn-based design , as well as the culturally-emergent systems pres-

ent in other types of digital games will also inform the development of Mixed 

Reality Gaming.

In digital Game Design, the formal construction of rules is built up to inform 
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the user what the can do, whereas in conventional games and sports, formal 

rules tend to be declarations of what you can’t do. Mixed Reality systems will 

need to utilize both types of rule sets in order to structure an enjoyable play 

experience. While my initial drive was to construct a video game that inter-

acted with the real world in real-time, I quickly learned that there needed to be 

constraints on what the users can and can’t do with the physical environment 

around the game in order to maintain a clear balance of play. This simple re-

alization has led me to investigate the formal systems of turn-based gameplay. 

Legions of Steel, designed in 1991 by Global Games consists of a compli-

cated, but very clear and explicit rule set that defines what players need to do, 

and when to do it (Fig. 2-8)  Longer scenarios can often reach 180 minutes, 

and real strategy isn’t achieved by novice players on their first attempt at the 

game.  LOS’ strict “phasing” of player turns, while necessary for a complex 

board game, provides rich possibilities for computational enhancement, and 

streamlining. The intricate miniatures in Legions, and games like it (Warham-

mer 40K, etc.) offer an exciting virtual augmentation to digital game experi-

ences. Turn based gameplay in digital strategy games illustrates a contrast 

in the learning of complex rules to games like Legions. Games like Advance 

Wars offer single-player “campaign” modes, where players begin with limited 

units, but the odds still decidedly in their favor against computer-controlled 

opponents. As the campaign progresses, the complexity of the game increases, 

and the odds begin to swing in the direction of the computer. While the rules 

of Advance Wars are comparable to a game like Legions, playing the game in 

a digital form removes some of the learning curve of remembering what turn 

phases go when, and also allow players to ease into complex scenarios once 

they have learned the basics. 

Fig. 2-8
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While turn-based video games more closely resemble the mechanics of con-

ventional games that would lend themselves to Mixed Reality, the complex-

ity of the gameplay works against Mixed Reality Gaming’s impetus to create 

systems that allow for simultaneous social interaction. So as a counterpoint, 

I will introduce some considerations based on GoldenEye:007 for the N64 

console (Fig. 2-9), and Tetris DS, for the Nintendo DS. Goldeneye is a split-

screen first-person-shooter, that offers virtually unlimited ability to custom-

ize multiplayer games. While FPS games are not terribly social activities, 

the culture that arose surrounding Goldeneye brought about some interesting 

emergent behaviors. My experience in playing the game was limited to the set-

tings I had decided upon with my opponents, which were two or three friends 

who I played with. What became confusing was when I chose to play with 

new people, who had devised completely different game settings, that brought 

about entirely new strategies that I wasn’t familiar with. By allowing for bend-

able formal systems of rules, Goldeneye became a completely different game 

experience depending on who you were playing. Tetris on the other hand, is 

almost always the same game. Additions to the game for the DS version added 

a new mechanics, but the most interesting addition to the game is the ability 

to play against strangers from all over the world online. While the multiplayer 

mode on the original Gameboy Tetris provided a difficulty setting that reflect-

ed those you know with another Gameboy, the difficulty of multiplayer Tetris 

DS is considerably higher, because anyone can play another human being at 

any time of day, instead of playing the less challenging single-player mode. 

This establishes an objective context to what it means to be good at Tetris. 

This distributed context is something that doesn’t exist, almost by definition 

in physical games, since you need to be there to play it, except for formal 

ranking systems, that don’t exist in most relaxed social gathering spaces. That 

Fig. 2-9
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said, exceptions do exist, such as the leader boards at Barcade, the Williams-

burg bar with dozens of retro-classic arcade cabinets, or on Golden Tee arcade 

machines, that connect to an online high-score list. While Tetris and Golden-

eye present interesting social systems of digital game play, the nature of their 

simultaneous multi-player mechanic also affords conversion into a Mixed 

Reality system. Casey Muller’s work with Jeff Han’s Multi-Touch table illus-

trates how multiple players can compete in an Augmented Virtuality space to 

compete for speed in games of skill and strategy simultaneously in his Boggle 

and Slingshot game designs.

By pulling inspiration for the formal and cultural underpinnings of digital 

games with computational systems that afford a Mixed Reality treatment, a 

unified design process for developing a computationally augmented physical 

game using Mixed Reality technology will emerge. The role of turn-based 

digital games offer a decreased learning-curve to complex play systems, while 

the fast-paced open systems of simultaneous play offer a level of emergent 

rule and strategy building that could potentially compete with culturally-en-

trenched games, such as Darts or Billiards. While the economic structure of 

team sports might not allow for creativity with the formal rules of play, games 

in relaxed social atmospheres certainly will. 
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Part	III

Concept and Design Questions

In designing a Mixed Reality Game based on the mechanic of darts, a number 

of technical and conceptual decisions must be reached in how to manage the 

information surrounding the game. The first attempt at creating an experimen-

tal form for this idea is to use Google Earth as a graphics engine in physical 

space to augment the experience of playing a skill-based game like darts. 

How the game system tracks the location of thrown darts, how information is 

presented back to users in response to their play, as well as how formal game 

systems will be recorded are all important areas where conscious design deci-

sions are required. The way these aspects of the system are developed will be 

tremendously influential on players’ experiences, and each will require careful 

consideration.

The detection of physical objects is the key of any Mixed Reality system. 

In real-time interaction systems, without formal turn-based rule system. In 

determining an appropriate detection scheme, a number of questions must be 

answered about the amount of detection necessary for the system to function. 

1) How much resolution does the Mixed Reality detection system require 

to achieve the desired user experience?

While the size of the Dartmaps installation can be sized up or down to accom-

modate various installation spaces, the complexity behind attempting to hit 

geographic locations in a dynamically-scaled earth requires considering the 

Fig. 3-1
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diameter of Earth.

In order to gain an idea about how the scale of global geography scales down, 

I begun by superimposing a dartboard over a 2D projection of the globe, and 

identifying the area that each portion of the dartboard covers. In doing this, 

I was able to identify that the detection resolution of existing electronically-

scored dartboard games covers too wide an area (the largest triangle detects an 

area covering more than 1.2 Million Kilometers... Fig. 3-1) to be useful in the 

Dartmaps game. When throwing the first dart, this lack of accuracy will not be 

easily identifiable, since the area covered by this target is under 15 square cen-

timeters, but with each dart thrown, the scale of the geographic view scales, 

increasing the amount of error exponentially. Another problem with utilizing 

an existing darts scoring mechanism, is that the sensors are not equally-spaced 

throughout the playing surface. Since the dartboard areas are unevenly distrib-

uted, detection in some areas such as the ring surrounding the bulls-eye are un-

able to be as accurate as the bulls-eye itself, since its detection is spread over a 

larger area that surrounds the detection electronics of the bulls-eye.

In response to these findings, I have begun looking at a number of Computer 

Vision libraries to detect the location of thrown darts. Even the most basic CV 

systems offer more accurate tracking. By assuming an intermediate resolution 

of 240 pixels by 240 pixels, the accuracy of the first dart increases, giving each 

pixel a coverage of under 3 000 kilometers. Depending on the accuracy of the 

first throw, this number will exponentially decrease, allowing for a system 

where players can immediately see the results of a skillful throw, whereas a 

miss will not give the player as much positive feedback.
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The OpenCV Computer Vision library includes a number of features that make 

it a good choice for integration into Dartmaps. While higher-level libraries, 

such as the JMyron CV library, offer easy integration into a number of simple 

programming languages, OpenCV benefits from the increased speed of a C++ 

application. This will undoubtedly assist in increasing the rate at which the 

locations of the darts can be detected, and updated in the game.

2) How quickly must the positions be updated?

In a real-time interaction system, the tracking of physical objects must be 

accomplished many times a second. However, in designing a Mixed Reality 

game that uses a turn-based formal mechanic that bleeds over into the real 

world, the system does not need to be constantly looking for new darts. Since 

the game consists of players being assigned locations, throwing darts, and then 

observing the response of the system, a constantly high rate of detection is not 

essential. However, the latency of the system in responding to each dart throw 

will be important to implicitly communicate to the users that their dart throws 

trigger the response from the system. In order to do this, I am researching how 

I can take a number of images with the computer vision in a short period of 

time, to attain accurate, and fast responses.

A related issue in reducing the latency of system response will be to optimize 

the Applescript calls to the Google Earth application. By compiling these 

scripts, it will reduce the delay in executing them from within an interpreter. 

Currently, this process takes 1-3 seconds, and I hypothesize that compil-

ing the scripts will reduce this significantly. Should this approach fail, I am 
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also researching the Objective-C programming language, and its potential to 

call Apple Events (the underlying structure that I am using to interface with 

Google Earth) directly. Should this fail, I will likely have to modify the formal 

mechanic to allow for short delays between the throwing of the dart, and the 

navigation of the interface.

3) How many objects must be tracked at once?

The existing mechanic of most dart games uses 3 darts per-player, per-turn. At 

the end of each turn, the player removes their darts from the board. I origi-

nally planned on utilizing a similar structure of play to darts in this regard. 

However, the Computer Vision / Digital Projection technology I am using is 

much more scalable in terms of how big the Dartmaps board can be. I hope to 

increase the size of the board by a factor of two, thus allowing twice as many 

darts to occupy the board’s surface at any one time. Because of this, I will give 

each player six darts per turn, in order to give players more chances to hit their 

target on the earth, but also allow for the possibility that they might hit it with 

less, allowing bonus rounds where a player can use their remaining darts to 

score more points.

4) Does the system need to be able to tell which object is which?

Since I have decided to have players remove their darts at the end of each turn, 

the system will only need to keep track of one set of darts at a time. Whereas 

many existing Mixed Reality systems differentiate between objects based on 

RFID technology, or visual semacodes, my darts will only need to reflect infra-

red light into the camera to be tracked. 

Fig. 3-2
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Each of these design questions addresses a particular aspect of the construction 

of the Dartmaps project. The main focus in overcoming these design obstacles 

is to present a working prototype, so it can be tested to obtain qualitative and 

quantitative data on players’ responses to the system’s latency and accuracy. 

Should I be successful in addressing the players’ needs in the regard with early 

prototypes, I can explore the potential of expanding the game’s mechanic out-

side of what is defined by the initial technological constraints.
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Part	IV

methodology

In designing the Dartmaps system, digital and conventional game systems 

were observed in social gathering spaces to better understand the nature of 

technological and social immersion in these systems. Tests were also con-

ducted using simple, static prototypes of the Dartmaps game system that have 

led the design process in new directions. Results of this first-hand research 

have shown that digital games have the ability to be augmented by a number 

of technological and social factors. The next steps, described below, under the 

design headings, describe the particular design methodologies that are continu-

ing to emerge out of this continuing body of research into Games and Mixed 

Reality.

observInG soCIAL GAtherInG spACes

The immersiveness of digital arcade machines versus conventional games 

(billiards) was measured by recording observations for 8 hours at Barcade in 

Brooklyn, NY (Fig. 4-1) over two nights in November 2007. Quantitative data 

with regard to interaction times for a number of arcade machines (digital game 

experiences) were compared to the interaction time of the pool table (con-

ventional game experience). Several players were approached following their 

games and asked informally about the influences on their experience with the 

games.

In observing the behavior of Barcade players quantitatively, interaction times 

for players in single-player digital games (2-8 minutes) were much shorter 

than players playing billiards (12-40 minutes). Multi-player digital games 

Fig. 4-1
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had longer interaction times (6-20 minutes), with the most engaging of these 

games appearing to be games that were played simultaneously between two 

players. While there exists some overlap between the interaction times be-

tween multi-player arcade games and conventional pool, this is because the 

arcade games were often played more than once. It is also worth noting that 

while the digital arcade games and the pool table coexist in the same space at 

Barcade, patrons of the bar tend to come for the arcade games, whereas other 

locations cater more to pool players.

During the Barcade observations, the data was supplemented with annotations 

of conditions influencing players’ interaction times. Players’ behavior was 

recorded alongside interaction times, and the players were subsequently asked 

about influences on their playing of the games.  During the course of interact-

ing with single-player arcade games, players typically chose games based on 

previous experience with the games in arcade form (in the case of Tapper, Tron 

and Star Wars) or in console form (Mario Bros., Tetris, Punch-Out, Marble 

Madness). Some players chose games based on unique technological aspects 

such as visually exciting Vector CRT Monitors (in the case of Asteroids and 

Star Wars, while others attracted users with unconventional interaction tech-

niques, such as Tapper or Tron. Repeat plays of single-player games appeared 

to be closely related to Barcade’s high-score board, where top-scorers of each 

game are able to record their name. Players were observed glancing up at the 

board in between replays. One player of Crystal Castles (Fig. 4-2) appeared to 

be tiring of the game after two plays, but continued playing after glancing back 

and forth between the high-scoreboard and his score on the game. Afterwards, 

this player claimed: “I was close [to beating the high-score], but that tornado 

wouldn’t stop f*cking with me!”

Fig. 4-2
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GAme mAnAGement system DesIGn

In designing a game that exists externally of the digital engine used to render 

the visual feedback, a core software system is required to receive, process 

and send game information to and from the game player, using the rendering 

engine as an intermediary. It was determined that Dartmaps would require a 

standalone application (game management system) that could handle a variety 

of input methods and communicate bidirectionally with Google Earth. A num-

ber of programming languages were explored, and prototypes were developed 

in two, Processing and openFrameworks because they both feature a number 

of easily integrated libraries for Computer Vision.

The first iteration (Fig. 4-3) was developed in Processing, an open-source 

Java-based programming initiative initiated by Ben Fry and Casey Reas at 

the MIT Media Lab. The Processing application called compiled Applescripts 

to send and request Google Earth’s Open Scripting Architecture interface. 

Functionality was developed to save and load 3D view data from CSV files. 

The Processing application could then run Applescript applets to read the view 

info from the file system and communicate with Google Earth. The prototype 

featured a scripted mode, for demonstration purposes, as well as a fluidly-in-

teractive input method for interactive manipulation of the Google viewport 

via a point-and-click interface. In testing this iteration, users found that both 

the scripted and interactive modes were too slow (3.5-5s latency between 

user input and Google Earth response) to feel actively engaged in the Google 

Earth environment. It was determined that the source of the inefficiency in the 

prototype was in how the Applescripts were launched. It was determined that 

Processing applications are not capable of launching system-level commands, 

Fig. 4-3

Fig. 4-4
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so another technology was explored.

The second game management system prototype (Fig. 4-4, Fig. 4-5) was 

developed in openFrameworks, an set of open-source, cross-platform frame-

works for the C++ language created by the interactive artist, Zach Lieber-

man. Since C++ is a lower-level language than the Java-based Processing, 

the openFrameworks-based prototype was able to communicate with Google 

Earth considerably faster (<2s latency). This iteration also saw the inclusion of 

Computer Vision capability to detect the presence of infrared light, which the 

physical darts of the system emit. User tests were conducted using the same 

point-and-click interface as in the initial prototype, as well as using physi-

cal darts thrown at a digital projection. In the mouse-driven tests, most users 

became more focussed on the goals and rules of strategically manipulating the 

Google Earth engine, and less focussed on the latency of the game manage-

ment system. Some users did mention that if the application ran faster, they 

would enjoy interacting with it more while using the mouse, but no comments 

regarding system lag were recorded when users utilized physical darts. In the 

tests using physical darts, comments primarily focussed on the development of 

clearer goals and rules to form the gameplay. 

GAme DesIGn

In response to the tests of the game management system, a scripted proto-

type of the Dartmaps game was developed to gauge reactions of the func-

tional game design. By running through a slideshow of how the game was to 

work with an accompanying demonstration of how the Google Earth motion 

worked, players were able to respond to the game concept while the game 

management system was still in development.

Fig. 4-5
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The overwhelming concern raised in response to scripted prototypes was 

that the game currently lacks a core conflict that the player needs to resolve 

through play. Testers expressed interest in a “free-play” mode, without a con-

flict in the game but said that there would need to be some kind of “creative” 

aspect to the game to reward the player for gameplay without clear goals. In 

response to these test results, the gameplay will be fleshed-out to include clear 

visual and auditory themes that are influenced by a narrative. The game will 

also be iterated to provide clear feedback through a staggered reward system to 

keep users motivated to continue. Descriptions of the proposed game iterations 

can be found in the Appendix.

teChnoLoGy DesIGn

In designing a system to digitally track the location of darts in physical space, 

several methods were explored to capture dart positions. The use of an electro-

mechanical system was explored, as well as two distinct strategies of tracking 

using Computer Vision.

The initial exploration was to repurpose an electronic dart board to digitally 

send dart positions to a multimedia computer. A board (Fig. 4-6) was pur-

chased and reverse-engineered, however it was discovered that the resolution 

of the board could not be increased to accommodate the resolution necessary 

to create a convincing game experience at the virtual scale of the earth (see 

Concept and Design Questions).

Computer Vision was chosen as the technology to integrate into the working 

prototypes because the resolution of a Computer Vision system is limited only 

Fig. 4-6
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by the optics of the camera being used, as well as the speed of the computer 

running the application. Whereas electromechanical means achieved precision 

of 1-5 square inches, Computer Vision methods using readily available com-

ponents are precise to roughly one square centimeter. Computer Vision also 

has the benefit of being able to scale the gameplay area simply by moving the 

projector and camera setup further back. The Intel OpenCV Computer Vision 

library was integrated into the second game management system prototype to 

handle video images generated from an external webcam. The webcam was 

then hacked to detect infrared light by replacing the camera’s internal filter 

(Fig. 4-8).

The initial design of the dartboard (Fig. 4-7, Appendix) called for darts with 

reflective material to reflect infrared light from an illuminator back into the 

camera. An infrared illuminator kit was purchased, and modified into a circu-

lar design that would provide better coverage of the dartboard area. Problems 

began to arise in lighting the virtual dartboard when the system needed to be 

calibrated for various different testing sites. When setting up the camera and 

infrared illuminator at different distances from the board, the lighting condi-

tions became difficult to control, so a new method for Computer Vision track-

ing was employed.

By using infrared LEDs inside the actual darts, the play area would not have 

to be lit using an external illuminator. This greatly simplified the Computer 

Vision calibration process, using a number of integrated debugging tools that 

were built into the game management system. However, this simplification 

in the software has led to a more complex design requirement in the physical 

darts that the player will be throwing.

12
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DArt DesIGn

The initial design of Dartmaps called for standard darts that featured reflective 

tape to bounce back infrared light from an illuminator. While issues in test-

ing the forward-lit Computer Vision system requires that darts have internal 

illumination, it also raises questions as to how the game will be displayed in 

various locations. Not only did moving the game installation into a different 

environment modify the lighting conditions, it also changed the size of the 

projected board. In order to better accommodate different sizes of boards, it 

was decided that magnetic darts should be employed instead of pointed darts. 

This opens up a wider array of materials that can be used as a board, and it 

also eliminates the problem of parallax error, which proved problematic in pin-

pointing the location of dart hits in early Dartmaps experiments. Based on this 

new design, four dart designs were prototyped and tested with 8 users (Fig. 4-

10). Concurrently, an infrared “wand” (Fig. 4-11) was put together from found 

materials that served as a debugging tool for the Computer Vision system.

The debugging “wand” was built to confirm the hypothesis that self-lit darts 

would be detected more precisely than a forward-lit board. Constructed out of 

an empty high lighter housing, an AA battery and an infrared light, the wand 

showed that the IR LEDs being used needed to be diffused to account for the 

discrepancy between the viewing angle of the LEDs, and the focal length of 

the camera being used to track them. It was discovered that a combination of 

cutting the LEDs dome lens, and sanding the exterior increased the viewing 

angle of 20 degree LEDs to 360 degrees, with only a minimal reduction of 

brightness (Fig 4-9).

Fig. 4-9

Fig. 4-10
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Another method for diffusing the brightness of the LEDs, employed in one  

dart prototype. Built out of an existing magnetic dart, this design (Fig. 4-12) 

had a small 1.5V 10mm coin cell battery taped to the middle, with an unmodi-

fied IR LED attached to the tail of the dart. Instead of cutting and sanding the 

LED, Hot glue was used to create a translucent dome around the LED to both 

diffuse and increase the surface area of the LED. While the increase in illumi-

nated surface area was clear, the glue was unsuccessful in diffusing the light to 

the extend the sanding was.

The second dart prototype (Fig. 4-13) was modelled after the Graffiti Research 

Lab’s throwie project. By taping a battery, LED and magnet together, these 

LED “darts” can be built quickly, easily and cheaply, even if they do remain 

somewhat disposable. This prototype was problematic in that the LED and 

magnet are aligned laterally, creating a margin of error in the Computer Vision 

process, since LED is mounted to the side of where the dart technically “hits”, 

and the rotation of the throwie cannot be determined by one LED alone. The 

throwie iteration of the dart fared better than the previous iteration in user 

tests, but was prone to bouncing off the surface of the board if its orientation 

was not correct in flight. Users enjoyed throwing them, but mentioned that 

the accuracy (and physical style) of the throws resembled baseball more than 

darts. Two users found the weight of the throwie dart preferable to the others, 

since it utilized a larger, 3V 20mm coin cell battery.

Thirdly, a dart was designed and built using cardboard aerofoils and a cen-

ter-mounted LED (Fig. 4-14). With a 10mm coin cell mounted towards the 

magnetic tip, and triangular cardboard wings, this prototype elicited the most 

accurate throws from users, and consistently stuck to almost any ferromagnetic 

Fig. 4-11

Fig. 4-12

Fig. 4-13

Fig. 4-14

Fig. 4-15
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surface, regardless of how the dart was held as it was thrown. This differenti-

ated this particular iteration from even the store-bought magnetic darts, as they 

often stuck to the metallic surfaces using the side of their magnets, leaving the 

tail, where the LED would be, several inches from the point of impact (Fig. 

4-16).

The fourth dart design (Fig. 4-15), which is still in development, uses a larger 

barrel which will encase a removable AAA battery and feature durable plastic 

wings in hope of creating more durable darts that won’t fade or break their 

electrical connections, even after several throws. Initially based on the triangu-

lar wing design of the third dart iteration, a mockup was made using a dry-

erase marker and steel washers to simulate the weight of the battery. Unfor-

tunately, this design was unable to maintain its orientation in flight, and will 

require modifications to wing design and weight distribution.  

vIsuAL FeeDbACK

In order to construct the narrative element on the Dartmaps game, supplemen-

tal information will have the be delivered to the user in some graphical and 

typographical way. Initial efforts focussed on swapping views back and forth 

between an external application and Google Earth, while experimentation with  

new Google Earth protocols has led to a more integrated approach to visual 

feedback for users.

Getting visual information into Google Earth is possible, and there is a large 

community that produces visual information that can be overlaid on Google 

Earth using the Keyhole Markup Language (KML). However, from within 

Google Earth, these KML files can only be authored to display information 

Fig. 4-16
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relative to positions on the earth. This limitation made it initially difficult to 

display real-time information to users to users of the Dartmaps prototype. 

The first solution to this problem was to use Applescript to selectively switch 

back and forth between the openFrameworks-based game management system 

and Google Earth. This was inefficient, and tended to break users’ experience 

of using the system, but it was successful in providing a canvas to display 

not only textual and numerical prompts, but animation and video, should the 

game’s narrative require it.

The application-switching method worked initially, but during the course of 

development, yet another undocumented feature of Google Earth was un-

covered. By delving into the KML documentation on Google Code, a Screen 

Overlay object was discovered that allowed graphics to be superimposed 

over the Google Earth viewport, independent of the viewer’s position and/or 

rotation. This feature, combined with the Google Earth’s support for network 

KML files (KML files that are updated regularly) allow for information to be 

dynamically superimposed over the Google Earth application, without break-

ing the experience of navigating around the planet. A feature to dynamically 

write local KML files and generate raster images from the game management 

system was added, allowing dynamic feedback to users (Fig. 4-17).

sounD DesIGn

In addition to visual feedback, the game system will also feature audio feed-

back. This feature is always important in game experiences, and Dartmaps is 

no exception. The ambient and event sounds will serve to orient the player in 

the game’s narrative and experiential environment, without distracting them 

from the physical skill-based act of throwing darts in real space. However, 

Fig. 4-17
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there is another, more pragmatic reason to integrate sounds early into the Dart-

maps development process.

By managing the game information and Computer Vision inside an external 

application that has to query Google Earth for information, the conversation 

between the physical dart and the Google Earth geography will have a small 

amount of lag between when the dart hits the board, and when Google Earth 

responds. By augmenting the physical act of throwing the dart at the Earth 

with sound effects, the player will be momentarily distracted from the visual 

aspect of the game, hopefully long enough to process the data back and forth 

between openFrameworks to Google Earth in order to continue the play of 

the game. Particular attention is being paid to identifying the precise moment 

when a dart is thrown, so that the sound effects are synchronized to the physi-

cal act. These synchronization issues will be tested extensively in order to 

achieve the most seamless and immersive experience possible for players.
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Conclusion

During the past four months of Dartmaps development, a number of systems 

have been finalized, with some outstanding issues remaining. The finalized 

elements include the game management system and the Computer Vision tech-

nology, while outstanding aspects of the system include the final design of the 

infrared darts, implementation of the proposed game mechanics, and the cre-

ation of visual and audio assets to form the game’s narrative. While currently, 

the system lacks the necessary elements to be considered a game in its current 

state, a stable system for the development of a Mixed Reality game using the 

Google Earth engine and Computer Vision tracking has been established.

The game management system is the backbone of the system. Through itera-

tions based on user testing, the system has become robust enough to accom-

modate any number of new models of interaction to be applied to the Google 

Earth engine. Functions of the game management system include the ability 

to read and write 3D view info data, making requests to Google Earth through 

the Open Scripting Architecture, a Computer Vision tracking system with full 

debugging mode for calibrating the tracking system in various environments, 

support for multiple monitor output (essential in testing future implementa-

tions of the proposed game designs), as well as the ability to dynamically 

render raster images that can be dynamically updated in the Google Earth ap-

plication. These features comprise all of the necessary functionality to deploy 

and test the proposed game design iterations.

The Computer Vision system that is integrated into the game management 

system is nearly complete, with only the addition of discreet motion tracking 

of multiple darts. Currently the system can be calibrated and used on a time-

Fig. 5-1
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delay mode, to simulate the detection of a dart throw, but future builds of the 

software will feature more precise detection of dart hits to reduce the amount 

of lag present between when a dart is thrown, and when the system reacts.

The design of the physical darts has gone through a number of iterations and 

user tests, utilizing several different features for tracking in a Computer Vision 

system. While a final design will produce darts that have removable batteries, 

potentially an on/off switch, and visible LEDs to enhance user feedback during 

the game, the current design features an aerodynamic shape, weight and size 

that user tests have shown to be easy to use, and accurate when used with the 

current Computer Vision system.

In implementing the proposed game designs into the Dartmaps system, a 

protocol will need to be developed for the game mechanics to be read into the 

game management system. Once this is established, all three proposed game 

designs can be integrated seamlessly into the existing game management 

system and user tested. The primary aim, moving forward is to quickly set up 

user tests, and iterate the entire system based on feedback from users. My hope 

is that feedback on the testing of the proposed game mechanics will focus 

primarily on the game designs, which can then be iterated quickly and easily 

by modifying the conditions, state and event model of each game in real-time, 

externally from the game management system.

The games’ visual and auditory themes remain outstanding, and will be 

developed once the game mechanics have been iterated following user tests. 

The game management system is currently designed to deliver external text 

and imagery through Google Earth, and audio directly to the host computer’s 
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sound hardware. These experiential elements will be developed in tandem with 

the external game mechanic files, making them transferrable to multiple game 

mechanics without any extra development time.

In conclusion, while the system has a number of outstanding elements that 

are required to fully deploy the system, robust systems have been created for 

testing and iterating game mechanics. The user tests conducted thus far have 

provided invaluable insight into how interconnected software applications can 

work in tandem to create a singular user experience. This insight will closely 

inform the design of outstanding protocols for the creation of Dartmaps games. 

Moving forward, these protocols will be implemented right away, so tests of 

the full Dartmaps experience can commence, and the project can move into the 

refinement stage. 
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seLeCteD preCeDents AnD theIr ConteXt wIthIn mILGrAm’s  

mIXeD reALIty ContInuum
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From:   e@ericzimmerman.com
Subject: RE: Mixed Reality game research
Date: October 28, 2007 �2:35:33 PM EDT
To:   dt@5cameron.com

Cameron,
You are catching me at a very busy time. Here are some brief answers to your questions...
-eric
Eric Zimmerman, Co-Founder & Chief Design Officer, Gamelab 
+� 2�2 675 ��0�   www.gamelab.com

 

�) What do you think are some of the challenges to a game designer in designing game experiences using new technologies?
- Because there are not established paradigms for interaction, if you want to take best advantage of the new technology, you must 
invent those paradigms. This usually means time for prototyping ideas, which rarely happens in the commercial game world.
2) I have found that a number of games using aspects of Mixed or Augmented Reality are remixes of existing games (ie. Human 
Pac-Man, ARQuake, Mixed Reality Pong). Do you think these technologies would benefit from uniquely-designed game mechan-
ics?
- Yes, of course. The games you mention actually do invent new mechanics. What they borrow from existing games is really 
more superficial (themes, characters, pop cultural clout). There are some structural similarities between PacMan and Pac-Manhat-
tan, for example, but running around in a city chasing someone is actually a totally different mechanic than moving a joystick to 
control a character onscreen.
3) In the early �990s, Virtual Reality games began to hit arcades, but they didn’t seem to stick. Why do you think this is, and are 
Mixed Reality games vulnerable to similar conditions?
- The games were poor in terms of what a good arcade game should be: easy to learn and play, and supports replay and depth of 
mastery. The VR arcade games of the 90s were thin and flashy. Plus, they were very expensive to produce and hit arcades just 
as the whole arcade business was going downhill. “Mixed Reality” games economically are totally different. Most are just art or 
indie projects, not commercial culture. They’re not piggybacking on an existing business model like arcades.

4) Are you aware of any Mixed Reality games underway that you feel will change the way people regard the technology? If so, 
what makes them unique?
- No.

5) Open. What do you think?
- About what? Not sure what you are looking for. Hope these answers helped.

emAIL CorresponDenCe wIth ruLes oF pLAy Author, erIC ZImmermAn
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From:   Bruce.Thomas@unisa.edu.au
Subject: RE: humbly requesting feedback on AR games research...
Date: October 25, 2007 6:57:�2 AM EDT
To:   cameron@5cameron.com

 
 
Yours,
 
Prof. Bruce H. Thomas Ph.D.
Director Wearable Computer Lab
School of Computer and Information Science
The University of South Australia Mawson Lakes, SA 5095, Australia
phone: +6� 8 8302 3464
mobile 0408 828 942
fax: +6� 8 8302 338�
Bruce.Thomas@unisa.edu.au
http://www.cis.unisa.edu.au/people/bht

From: Cameron Browning [mailto:cameron@5cameron.com]
Sent: Thu 25/�0/2007 6:08 PM
To: Bruce Thomas
Subject: humbly requesting feedback on AR games research...

Dear Dr. Thomas,

I am a student pursuing my MFA in Design & Technology at Parsons 
School of Design in New York City, and am researching Augmented 
Reality systems. I have come across the ARQuake project before (and 
am a fan), and I was hoping you might have a few moments to let me 
ping you regarding some of the research I am doing.

I have assembled a short list of questions, and if you could find 
time to take a look, I would very much appreciate it as your 
perspective would be a valuable addition to my research.

I am working on designing a series of games that will utilize 
Augmented Reality, but am also still trying to frame the context for 
this research, so your input would be of great value, even on the 
more general questions.

Thanks very kindly,

Cameron Browning
www.5cameron.com

Questions:

�) Why haven’t Augmented Reality systems gained wider acceptance in 
popular culture?

There are no games or hardware systems you can buy off the shelf.
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2) A number of game systems have been developed by Augmented Reality 
labs around the world. What is it that keeps these systems from 
reaching the consumer?

I would say 50 to �00 different AR games.  I think the systems are too expensive, and companies are not willing to invest in mak-
ing a consumer product.

3) Are there any other Augmented Reality projects underway that you 
feel will change the way people regard the technology? If so, what 
makes them unique?

There is some work in handheld AR.  Many people think the first killer AR app will be with a mobile phone.

4) The ARQuake project relies on Quake as a basis for its game 
mechanic. What informed this decision?

The Quake game was very popular, it seemed like a good fit, and the source code was in the public domain.

5) What do you think Augmented Reality brings to existing virtual and/
or conventional game mechanics?

The big thing is ability to use your whole body.

6) Is there a need for new games to be designed specifically for AR 
spaces?

I think you need games a designed for AR.  There were a number of problems with Quake game.  The biggest was the game had 
players moving at super human speeds.  The space of action needs to be pulled right back.
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