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2.0 Abstract

Intuitive and immersive interface technology such as in-air motion controls, CAVE technology,
and surface computers have emerged in the last ten years to create new relationships between
users and media. What holds many of these technologies back, however, is their prohibitively
high cost, required technical knowledge, and special environments they require to function
properly. Perhaps the most successful released implementations of intuitive interface
technology are the Wii's motion controls and the Apple iPhone/iPod touch. These technologies
are somewhat limited in that they are locked to a particular platform which also requires
purchase. It is the aim of this project to demonstrate a tactile computing interface that requires
no more than the most common computer peripherals and to create a game for that interface
while documenting the sorts of interactions afforded by the system. This is achieved via a
custom designed game titled Containment that takes advantage of the affordances of such an
interface in a fun and unique way.
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3.0 Introduction

During a tech demo in late 1968 by Doug Engelbart the world was introduced to the interface by
which the vast majority of all computers would eventually come to use—the keyboard and
mouse. The number of functions that both are capable of have increased over time but
fundamentally they perform the same sorts of actions that they originally did: pointing, clicking,
and typing. It is not by coincidence that the windows, icons, menus, pointer (WIMP) paradigm
prevails nearly ubiquitously at all levels of computing. The affordances of the keyboard and
mouse, in part, dictated the form and function of the graphical interface. Some of the
advancements in hardware are born from the needs of the software, for example the inclusion
of forward and back buttons on computer mice after web browsers were developed and scroll
wheels that allow for horizontal scrolling. For the purposes of this project, however, the impact
of hardware on software is the focus.

The affordances of the input devices also have impacted the development of games on the PC
and other hardware. On the PC today, many commercial titles that are released fall into the first-
person shooter, real-time/turn-based strategy, puzzle, and the role playing game genres.
Compare this to the modern video game console and it becomes apparent that, while shooters
and role playing games generally make the transition, strategy and some types of puzzle games
never make it onto the consoles. This is mostly due to the difficulty of navigating the style of
menus and maps possible and used in PC titles. At the same time, many of the large scale
roaming adventure games, motion controlled games, and party games never make it to the PC.
There are likely reasons for this related to audiences for both environments, but at the lowest
level the sorts of games that work best for each environment is tightly linked to the strengths
and weaknesses of each. Pointing, clicking, dragging, entering text, and scrolling are all very easy
to do on the PC while making rotations, analog interactions, and enabling multiple people to
share a screen and have their own controllers are a bit more cumbersome. The reverse is
generally true for the consoles and as a result different sorts of games made for each platform
that take advantage of the strengths of each.

Researchers and corporations have been trying for some time now to realize the next great
interface paradigm shift. They are concerned with making interfaces that are more intuitive or
immersive and discovering methods of displaying data and media experiences that are only
possible via these new interfaces. The hope of these groups is to create a revolutionary new
interface that brings the industry closer to realizing the dream of making the use of a computer
or playing an interactive experience as natural as any more low-tech activity. Perhaps more
significant than the interfaces themselves is the possibilities for the new kinds of software that
could be developed thanks, in part, to the affordances of whatever systems become the most
prominent.

A number of solutions have already been implemented to create a new interface for computing
and media consumption. Surface computing, in-air motion controls, virtual reality, and
augmented reality are four of the major approaches to solving the problem of creating an
intuitive and immersive experience. The largest hurdle most of these face, or faced, is simply
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getting the system into the hands of the consumer to begin with. In some cases, such as VR, the
technology is still quite experimental and thus expensive and technically cumbersome. In-air
motion controls, on the other hand, have been implemented fairly cheaply via the Nintendo Wii

remote and the PS3 SIXAXIS controller but those are essentially locked into use with their
respective console.
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4.0 The Problem

The issue of cost is a major one. Most implementations are quite expensive and no typical
household is able to have these interface systems in their homes. In other cases the sheer size
of the interface is also an issue. Equipment such as an omnidirectional treadmill or the
Virtusphere [25], [26] is both large, costly, and requires the user to understand how the
equipment works in order to maintain it. This brings up the third issue, most of the existing
technology requires a level of computing or engineering expertise that the general consumer
cannot be expected to have. Consider the standard keyboard and mouse, they are both three
things: cheap, small, and the simple enough the user does not need to understand how they
work just how to work them.

Figure 1 - Left: Man on an omnidirectional treadmill inside a CAVE. [25]

Right: Man inside a virtusphere wearing a VR headset. [26]

It should be noted that the multi-touch interface has shown itself to be a strong contender but
only in the smart phone market, though there are now inroads to the tablet PC. Its strength lies
in how connected to its supporting software it tends to be. It is unclear yet if it will be able to
ever truly take over the keyboard and mouse for general purpose computing. This is because
the operating system has typically been created in the WIMP style with a keyboard and mouse
in mind and just has the touch interface slapped on top of it. This allows for some interactions,
particularly handwriting, that are a tedious task with a just a keyboard and mouse but since the
OS itself is designed with a keyboard and mouse in mind it becomes an entirely ancillary input
method. Whatever interface eventually takes great strides to dominate the market will need to
be cheap, easy, reasonably sized, and have software that is designed around it to really make it
succeed.

This project is aimed at not only enabling an interface method that is as intuitive as playing with
blocks but to also develop a game that makes use of its affordances as a tangible interface in a
way that could not be easily achieved with another interface. The other goal is to design a
tangible interface that is cheap, easy to maintain, and reasonable to set up in any normal home.
An example is the AR system designed by Cheok, Edmund, and Eng. [1] When they were
designing their system to model curves and other geometry, they shunned the idea of using
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“expensive tracking systems and sensors” by treating the user’s fingers as “control points” and
using a palette metaphor for their menu via the user’s open palm. Although their system
requires a head mounted display, it illustrates that the high-tech approach is not the one and
only way and that it is merely a matter of working within the constraints you give yourself.
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5.0 Conceptual Design

5.1 Proposal

The project is to create a PC-based game world that the players interact with by the simple
manipulation of fiducially tagged objects under the eye of the common webcam. The games
that could be created could range from literal sandbox environments to more advanced puzzle
and adventure games. The pieces and equipment should be reasonably available and relatively
easy to set up compared to other tangible interfaces and should be able to function within any
typical environment found in a home. The specific aim of this project is to make use of a
preexisting AR tool to create this simple interface for the typical consumer and then to create a
game demonstrating the potential interactions of the interface.

As mentioned before, a constraint that is being enforced is to use components that as many
people as possible would have in their homes so that the game could be distributed over the
internet and be set up with minimal effort. The system is designed to address and minimize the
issues of cost, technical complexity, and feasibility of installation that plague the other
established methods.

The initial inspiration for the project came out of a desire to recreate the simple pleasure and
openness of a set of children's building blocks in a computational space. Conceptually building
blocks were thought of in terms of a sort of level editor but one that children use to create
imaginary worlds. This was to be an extension of this experience except it would be a software
level editor controlled in a more simple way than the traditional FPS level editor. After discussing
this with the advisors for the project, however, it stopped thinking of it as a simple building
block set and the aim became to consider the possibilities for other sorts of games that could
work in such an environment. Instead the project draws on the socio-cultural affordances built
into blocks as objects of play that can be anything from simple blocks, to large structures,
characters on some adventure, or anything else the imagination can come up with while also
being stackable, rotatable, throwable, etc.
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Figure 2- A set of wood blocks.
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5.2 Required Resources

The materials that were needed to generate for the project were software based and hardware
based. For hardware the system required a webcam to attach to a computer, the fiducial
markers for Containment needed to be generated to do the tracking, and the appropriate blocks
needed to be created to attach the fiducials to. In software, some modifications were needed to
enable easier debugging of the interactions such as location printouts and being able enable
and disable the camera output. In the case of Containment the system needed to be able to
draw a game board based on a map sheet and each marker had to be generated so that each in-
game handle was attached to a tactile object.

There were two aspects of software that needed to be created in order for the project to be a
success. Regardless of what direction the project ultimately took a strong technology for
capturing the camera’s input would be critical to its success. The technology would have to be
reasonably responsive, easy to alter for use with the project or already set up to work with a
webcam interface, something either free or free and open source so that it would not add to
the cost of the system, and use technology that could be reasonably expected to work across
platforms. Past projects had been made using the Reactivision [17] system from the gamewell
project where the interface was a surface computer and so initially it was the solution being
leaned toward for the marker tracking. Reverse engineering Reactivision was going to be
needlessly complex and there were doubts as to its effectiveness since it is intended to function
from below in a surface computing environment. Additionally, there were concerns as to how
the infrared would be affected after being removed from the relative safety of the surface
computer case. After further research and discussions with advisors the decision was made to
move forward with Goblin XNA instead as it is intended to work more or less how the project
needed it to out of the box [18]. Another boon to the project was that Goblin XNA uses C# and
XNA, both of which greatly simplify the game making process and are the same language and
library that Reactivision works with. The task after getting the general I/0 method working was
to actually design the game to demonstrate the power of the system and to generate the code
to make the game itself. This was done in C# using the Goblin XNA library.

Figure 3 - Gamewell interface with Reactivision. [14]
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6.0 Other Approaches

Before moving onto a more in-depth discussion of how the system has been implemented it is
important to first examine the four previously mentioned approaches to creating an immersive
space via an intuitive non-standard input method. By doing so it will bring to light the benefits
and complexities afforded by the other approaches and hopefully illustrate why the system that
this project proposes is a viable, if not superior, solution to the problem of bringing immersive
and intuitive computing into the home.

6.1 Surface Computing

Today there are a number of commercial products that are attempting a massive interaction
paradigm shift by moving away from the traditional input model for the personal computer and
moving toward more intuitive and innovative input models. In the realm of surface computing
there have been a number of moves toward creating a commercially viable solution that would
be designed for the family room. Microsoft has received perhaps the greatest amount of press
for their efforts thanks to their developments with the Microsoft Surface. Currently it is only
available to corporate partners and the cost is high enough that even if it were available to the
consumer it would cost far too much for most people to afford. lllustrating the rather exclusive
nature of the devices is a surface computer called the iBar which currently exists in only two
locations in the United States. This one is from the Hilton Anatole in Dallas, TX and is able to
track objects when they come into contact with the surface of the device. It is intended as a bar
distraction to entertain guests and is currently limited to simple interactions such as making
flowers appear, and lines between objects [16]. Additionally, as it is still mostly experimental
technology it requires a level of technical expertise that is likely beyond what the average
consumer would have to set up and maintain. The type of interface this project is proposing
would only need a one-time setup process where the user must first unzip a collection of files to
run the applications and to run a camera calibration application. Any alterations beyond this
would be the actual positioning of the camera and adjusting the lighting in the room.

Microsoft

Surface

Figure 4 - Left: Interacting with the iBar system.

Right: Promo art for the Microsoft Surface. [32]
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6.2 In-Air Motion Controls

A lower-cost implementation of a non-traditional interface emerged with the release of the
Nintendo Wii. The Wii remote, or Wiimote, is the culmination of years of formerly experimental
research done at various companies and universities into a small elegant package that works
fairly well for a, comparatively, modest price. A potential issue arises when the user plays some
Wii games, there is not always a 1:1 relationship with what is happening on screen and what
they are doing with their hands. A lack of this kind of relationship is not always an issue,
however, but due to their early marketing strategies and demos users seemed to expect a 1:1
relationship. When users have this kind of expectation it can be potentially problematic every
time a game does not have this kind of relationship. For example, the game The Legend of
Zelda: Twilight Princess was originally designed as a Nintendo Gamecube game, a console with a
standard controller input comparable to its contemporaries. A port of Twilight Princess was
available upon the release of the Nintendo Wii that made use of the Wii's exclusive motion
controls. The developers eventually chose to make use of the controls by tying the swinging of
the Wiimote to the player character swinging his sword. Since the game was a port, however,
the relationship between swinging the Wiimote and the sword is rather weak. Rather than have
a 1:1 relationship, something as it turns out the Wiimote was originally incapable of doing, each
swing of the Wiimote is equivalent to pressing the 'A' button on the Gamecube controller.

It is not that this is a bad solution necessarily it feels like Nintendo failed to live up to even their
own expectations, as evidenced in their approach to creating their next Zelda title. It has been
confirmed that the next Zelda title will make use of the new Wii MotionPlus presumably so that
the player’s actions will be directly mimicked by the player character. [31] What Nintendo could
have done from the start is to create games and demos where the player’s movements are
intentionally not directly mapped to their in-game actions. The goal of this project is to allow for
direct as well as abstract mapping of the player’s markers to the game world. Containment itself
is designed with a 1:1 interaction style in mind but due to the split of the screen from the
interface there is no reason games that use the markers in a non-direct way could not be
developed.

6.3 VR Systems

At SIGGRAPH 01 a panel presented an extensive analysis on large-scale VR installations such as
CAVEs, Domes, etc. These systems are generally found in places like museums and art galleries
and they “deliver unique artistic, entertainment, and educational experiences” to their users. [2]
These systems are very immersive experiences for their users but do have a number of
drawbacks, the most obvious being cost and accessibility. These systems have to be literally
built into and for the spaces in which they are going to exist and that takes a considerable
amount of money. Cost alone makes such systems basically out of the reach of the normal
consumer. According to Josephine Anstey another issue with large-scale VR installations is that
due to the cost and being put in a public location many people tend to use them at the same
time. The issue here is that in order “for the experience to have the most impact, the user must
feel comfortable and confident enough to engage with the piece physically and emotionally”
and for this to happen it “often means being alone with the piece.” [3] This leads to a situation
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where a technology works quite well but rarely operates under what one might consider the
optimal conditions for user immersion. That is to say, the average person cannot have this
interface in their home and so it is mostly relegated to public installations and to research
laboratories.

Figure 5 - A man interacting with a CAVE. [34]

6.4 AR Systems

Augmented reality is similar to virtual reality but rather than occlude the user’s vision and
present them with an entirely virtual world it allows the player to see the real world with the
virtual superimposed upon it. Examples of its use range in variety significantly and two such
projects are Four Angry Men and an AR version of the classic game GO. In Four Angry Men [10]
the player wears a head mounted display and sits in one of four chairs at a table. Upon sitting
down the player sees three virtual men sitting in the other chairs and can listen to them
deliberate on the guilt of a person on trial. Depending on where the player sits, they literally
become that man and the dialogue of the other characters changes to reflect the stereotypes
and biases of the player’s current character. The problem with AR interfaces is that there tends
to be a floaty quality to the virtual elements that makes them appear not quite in the
environment. This can be rather jarring and break the immersion of the simulation somewhat.

Figure 6 - View inside the visor of Four Angry Men. [10]
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In AR GO the first player manipulates real go pieces on a virtual GO board, which is displayed via
a head mounted display, and the second player has a traditional PC interface. The second
player's pieces are placed in the correct place on the first player's virtual board and first player's
real pieces are placed on the second player's PC based board properly via a camera interpreting
the positions of the first player's real pieces. [4] The issue here is that while the game is
designed as and played as a two player game by removing the players physically from one
another might in some way impact the richness of the experience of playing a game with
another person. Additionally, much like VR, AR often requires a wearable computer with a head
mounted display as well as a room that is set up with markers, usually fiduciary markers, which
the AR system can interpret in order to display the desired world to the user. This equipment
requires a level of technical knowledge as well as money that the average consumer would not
likely have. The GameBlocks project is also designed to use fiducially markers but they will be
distributed via the internet in a portable format and can easily be printed by the user. Another
advantage is that there is no need for the user to set up a massive grid to orient the camera,
only one map sheet needs to be printed and placed in front of the camera to work.
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Figure 7 - Illustration of AR GO. [4]

Page | 12



GameBlocks | Jimmy Truesdell

7.0 Game Design

7.1 Iterative Design Process: Early Concepts

A number of game concepts were developed for the project that were ultimately passed over in
favor of the final product. The first game concept was for a Pipe Dream style game but one that
would take advantage of the affordances of the tangible interface [27]. The biggest advantage
was that it could be easily made multiplayer. Having moved forward with this idea a paper
prototyped version of the game was made and play tested. The findings of these tests were
somewhat mixed. On the one hand it was a game that was already proven on basically every
game platform since its creation but on the other it was unclear what actual advantages it had
over all these previous versions. Another issue was that it very clearly does work in a mouse and
keyboard setting and so does not really illustrate a game that greatly benefits from a tangible
interface or one that can only work within a tangible interface. In fact, beyond allowing for
multiplayer it was unclear that there would be any appreciable difference between this version
of Pipe Dream and any previous version.
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Figure 8 - A game of Pipe Dream. [27]

During the fall 2009 LCC Demo Day a guest had asked if the system takes into account
environmental changes going on around the camera (eg. Light, occluding objects, etc.). Light
based games sounded the most interesting and two interaction mode ideas were developed.
The first was to have the camera information retrieved as an image every second or so and to
then process and pull the average HSL values from the image. Using the light value of the HSL
this could impact the game in some significant way. For example, in a game where the player is
fighting some kind of undead enemy they could actually turn the lights up in the room and the
enemies would become easier to destroy. In a puzzle game perhaps there could be special
pieces that explode or disappear when light is turned on or off in the room.
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Another use of light that was investigated was to actually use a darkened room and have a
physical flash light. One player would sit at the computer itself and navigate some sort of first-
person space where they were searching for something. A second player would be pointing at a
large fiducial map on the wall with a flashlight. Taking a cue from Luigi's Mansion, a ghost hunt
that involved capturing/destroying ghosts via a flash light could be made. [28] Ultimately,
however, there were a number of issues that faced both interaction styles. First, it was possible
for a room to be too dark and for the markers to be unreadable by the system, big problem.
Second, there were the technical aspects of getting the image processing itself up and running
in a reliable way. Furthermore, the design of a light interface was more a concept of possible
interaction methods and not games for the original interaction method itself. In fact, it would be
possible to completely remove the fiducials from the equation and deal with light exclusively as
an entirely different light-based interface.

From these experiences | learned that to create a successful game | would need to concentrate
on making the camera system a necessary and vital component of the game to best illustrate its
strengths. A game that was simply a derivative of a pre-existing title from an older interaction
method would not be a strong enough argument for the interface. What was learned from the
light-based game was that it would be not only important to create an engaging game
experience but to also work within the limitations of the camera system itself. For example, it is
not reasonable to expect that the users can always control their lighting and by designing a
game that requires a particular environmental setup the user will likely become frustrated and
not want to play. It was also important to create an approachable yet challenging game.

7.2 Containment: Gameplay

In the initial design phases Containment looked very promising. Con t a i n geeneplay’ issas
follows: there are to be three players or three teams of two players, each is assigned a color
(red, green, or blue) as determined by the three handles each person/team has, dots appear
and are added at some kind of increment throughout the game world, the players/teams move
their fiducially marked handles under the camera's eye trying to capture the most dots to
receive points, the winner is determined by whatever the rules were but was always the player
with the most points at the end of the game.

What set Containment apart from many of the other ideas was that it used the fiducial markers
exclusively. No interaction from the keyboard or mouse is necessary once the game is loaded
and this goes a long way to demonstrating why it benefits, thrives, and requires a tangible
interface. Another initial aspect of Containment that set it apart from the previous game
concepts was that it had a fairly simple gameplay mechanic as well as a simple interaction
method, two things the project had strove for. Better yet, while the gameplay mechanic was
fairly simple, playing the game against other people looked to be a moderately challenging
endeavor. Due to its simplicity it would be possible to tweak gameplay significantly without
requiring large and sweeping changes to the interaction itself.
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7.3 Containment: Iterative Design

In the initial design the rules were such that for each point inside only one player's triangle that
player would receive 3 points per cycle, for each point that laid within two players' triangles
those players would each receive 2 points per cycle, and for each point inside all three everyone
would receive 1 point. An early concern that was raised was the fact that the winning move
seems to be to just create the largest triangle possible and for players to put their triangles
inside each other. In this version the method of discouragement of this behavior was to cause
the players to not gain the points that exist inside any triangle that their triangle completely
contains. The hope was that this would result in fairly fast gameplay.

One of the first playtesting experiences with the game was actually a software prototype test.
One of the first and most obvious issues that would need to be addressed from this playtest was
figuring out the best way to hang the camera from above. It proved fairly difficult using even the
equipment available in the SynLab and for the time being a volunteer was kind enough to hold
the camera from above. The players seemed to grasp the concept fairly quickly which was
encouraging but surprisingly the game was neither fast nor frantic, in fact it was quite the
opposite. The players would put the pieces down on the board and just sit and watch their
points go up. Rather than try to reconfigure their pieces for maximum points the losing players
seemed to shift their pieces a few times, come to the conclusion that they couldn't win, and just
stop playing altogether. The addition of further dots did not have the desired effect of causing
players to move their handles: they were already winning or losing and it did not make much of
a difference if they moved their handles or not.

Figure 9 - Left: Tangible interaction. Players were not fully engaged in the game in the first playtest.

Right: The on-screen response to their interaction.

This session revealed that the game was very slow paced and a number of changes were
necessary to make the game better. In order to determine what would make for the most fun
experience for the players a list outlining various gameplay styles was created and tested with
playtesters. This list included: a mode where the dots actually move after each new dot is
added, having no dots and being about the positions of the polygons, different players need to
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collect different dots, whether or not crossing each others' triangles should be encouraged or
discouraged, perhaps each player having their own goal, and trying turn-based vs. real-time.

Following the first playtest a paper prototype was created and a good multi-hour session of
playtesting occurred that ultimately determined the final direction of the game. A number of
the real-time modes similar to the software prototype were tried and the same issue occurred,
the game created a sit back and watch environment. Furthermore, it was impossible to keep the
players from just creating the largest triangle possible due to the limitations of a tangible
interface. It would be possible to impose artificial limitations on the users’ ability to position
their markers in the digital world but they could still place them anywhere they pleased in the
real world. After testing it became apparent that rather than creating a fun and challenging
experience this kind of limitation simply irritates the players. Keeping them from putting their
triangles inside each other was inconsequential because they could just shift their handles
slightly one way or the other and avoid the penalty. One playtester suggested restricting the size
of triangle possible by adjusting how many points they got for a dot based on how large their
triangle was. This approach worked but it was difficult for the players to judge what a big
triangle was. For instance, a triangle that is extremely thin but spans the entire board could be
technically the same size as or larger than an equilateral triangle somewhere else on the board.
It was also difficult for the players to be able to tell at a glance whether or not their triangle was
adequately small. The same playtester suggested that the issue might be solved by making some
of the dots undesirable dots. For example, if a player takes a certain dot they lose points. This
was a breakthrough moment because the game suddenly changed from being a game of simply
containing all the dots to one that was more about strategy; it was even described as “now this
is actually a game.” This was also the moment that the behavior of the dots themselves
changed. As suggested by a few people in the initial playtest, and in this one as well, when the
player's capture dots they would now disappear. By doing this the players can no longer take a
sit back and watch approach because they must be constantly in motion to continue to score
points.

Figure 10 - Across multiple runs of the game the more conservative and competitive style of play became the
norm.
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The next task was to determine at what point scoring occurs. In real-time it seemed it would
have to be some sort of timing gameplay where after a period of time scoring occurred and new
dots were generated. This was acceptable but it was not quite right. Another playtester
suggested trying this new game in a turn-based style. The shift to a turn-based game
surprisingly made the game much more interesting. By scoring after the players moved it made
it much easier for them to anticipate when scoring would occur and did not require nearly as
many Ul cues. Scoring occurring after each turn and after all three players finished their turns
were both tested and scoring after each player was described as “more fair” by the playtesters.
Additionally, generating more dots after each scoring round kept the board adequately
populated.

The game was fairly strong at this point but one last nagging issue was that there was not any
real reason to avoid taking the bad dots. The players would lose a number of points but there
were generally far more good dots than bad dots and without making the bad dots worth at
least three negative points there was hardly any reason to not take a huge swath of the board
out at one time. When a player does this it also removes scoring opportunities for the other
players which resulted in the winning move to be to wipe out the entire board at once. This
issue was solved by creating three types of dots, one for each player color, and making it so that
each player should go after only their color. After each scoring round one dot of each color was
added to the board. If they took one of theirs it would result in a gain of one point and if they
took an opponent's dot they would lose a point. This was very successful in discouraging taking
huge swaths of the board recklessly but it led to two interesting problems. While there were
now far more bad dots for each player than good dots for each player, as long as they were
careful and took as many of their dots as their opponents' dots they would still be safe.
Furthermore, they could still impact the score of their opponents. This issue was solved by
simply giving the opponents the dots that the current player took as well as removing the points
from the current player's score. So now if a player took one of their own dots and one of their
opponent's dots their score would still remain unchanged but their opponent would gain a
point. This created a much more conservative style of play and was both described as “much
more fun” as well as “chess-like.” What had been developed was not only a fun strategy game
but also an experience that was like the frantic experience originally desired.

Figure 11 - Left: Low tech solution to hanging the camera is discovered.

Right: The conservative and competitive gameplay carried over to the new software version.
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The changes were incorporated into the software and it was re-playtested with members of the
previous software playtest group. They were much more satisfied with this implementation and
the game did not stagnate like the original method. There was some sort of bug involving
making small triangles around the dots that would cause them to not be taken and a player
found that to be “very frustrating” due to their “competetive nature.” This issue was addressed
and no longer exists. During this playtesting session a solution for a low-tech hanging method
for the camera was developed. Simply take a wire coat hanger, bend it into a hook shape and
then hang the camera in the loop, then hang the hook into a lamp. This is an ideal solution as it
requires little to no cost for the user of the system. During an advisor meeting another method
was developed for hanging the camera that allowed for more precise adjustment of the camera
and the ability to set up in more locations. Borrowing from the PlaysStation 3 game Eye of
Judgment, it is possible to take an elbow joint style IKEA desk lamp and remove its glass cover
and lightbulb and then adhere the camera to the inside of the shade.

49
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Figure 12 - Left: Eye of Judgment camera setup. [38]

Right: IKEA Antifoni table lamp. [39]

A number of other issues were revealed during another playtest with two of the advisors on the
project. Specifically the issues were mostly related to tuning. The first major issue was one of
timing; the feeling was that the game was “far too fast.” It was suggested that the ideal
configuration would be to decrement the amount of time given for each turn as the turns
progress to allow the players to not only be challenged but to have a period of time where they
could learn the controls. A second suggestion came from both advisors because they were both
playing off-center from the screen and felt it was very disorienting. They suggested adding some
kind of indicator on the physical page as well as the board in the game world to help better
orient the players. Another issue was that the dots were appearing so close to each other that
sometimes it was nearly impossible, given the level of precision that the system allows, for a
player to accurately take one dot vs. another. This was solved by simply not allowing the dots to
be created within a certain distance of one another until a certain point in the game whereupon
it was allowed. This created an experience that gradually became more difficult in the same way
the timing changes did. The final challenge was related to displaying to the players before their
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turn ends that they are about to capture a dot. In the original concept the players’ handles
would have lines drawn between each handle to establish the closure the players were putting
around the dots. Unfortunately XNA does not easily support simply 2D geometry like lines so
this was infeasible. Celia suggested that to illustrate to the players that they were currently
containing certain dots that each dot should have a loop around it that is white when not being
taken and given the color of the active player’s handles when they are being contained by their
triangle. This removed scenarios where players were accidentally taking dots they didn’t even
realize they were taking.

During the game’s demo at the project defense something significant occurred, fun was had.
The game caused a ruckus including a strong emotional when a player accidentally covered the
ficudial markers of another player before their turn was over causing them to not score, a
student getting pushed playfully away from the game board as a strategy on the part of a faculty
member, a discovery that watching people learn to play the game is almost as fun as playing it,
and a general good time. It was suggested that rather than just let the timer run out that a block
be included that lets the current player end their turn and be given a large amount of time they
must manage in a style similar to timed chess. This gameplay has been incorporated into the
current version of the software and is a much more satisfying experience. It also overcomes a
previous issue where once a player understands how the game works waiting a full 30 seconds
for each first turn to pass becomes extremely tedious. In all of my game designs it is important
to me that a game evokes a strong emotional response. Oftentimes | like to work with humor
but, fear, anxiety, satisfaction, and other responses are all desirable depending on what the
game is. One final change was that the instruction screens needed to include better
instructions.

7.4 Containment: Run-through

The following is a sample run-through of the implemented game, Containment. First the three
players (Sam, Michelle, and Dan) sit down at the table. Sam pulls out the map board and lays it
flat onto the table and then distributes the player pieces. Meanwhile Michelle plugs in their
webcam and runs the game exe file. Dan brings over a floor lamp and a bent coat hanger. He
attaches the webcam to the coat hanger and hooks it over the top of the lamp pointing it down
at the game board on the table. At this point the system reads the game board and loads the
appropriate game or game mode, it's for Containment. The three of them decide how they want
the turns to work, they decide to play by only allowing one marker to be placed or moved per
turn.

Sam puts down a marker for a red piece and the piece appears on the game board on the
screen. Michelle and Dan place a green and blue piece respectively and at this moment the
game acknowledges this as the game starting and generates three dots (one of each player's
color) and starts the 30 second timer for the red player.
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Figure 13 - Before a game starts.
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Figure 14 - Each player places a marker and the game starts.

Sam decides to place a second piece and his turn times out. Three more colored dots are
generated. Michelle and Dan follow suit, after each turn an additional three dots are added to
the map. With 12 dots on screen Sam decides, rather than add his third piece, to reposition one
piece to take advantage of a weakness he currently sees in the configuration for a higher score.
His turn times out, three more dots are generated.
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Figure 15 - State of the board after the first three turns.
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Figure 16 - Red moves a piece.

Michelle is able to take advantage of the current layout of the map and decides to put down her
third marker and take three of her colored dots. Her turn ends and she receives three points,
three new colored dots appear. Dan also has an angle of attack, puts down his third piece, and
covers two dots. His turn ends and he receives two points, three new dots are generated.
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Figure 18 - Blue takes two blue dots.

Sam's luck is not with him and he still does not have a safe avenue of attack but decides to
strategically place his third piece in such a way that he is able to take four of his available dots
and one of Dan's. This move gets him four points but he loses one for Dan's dot and Dan
receives one point. Sam's turn ends and three new dots are added. The score is now Sam-3,
Michelle-3, and Dan-3. In the last three turns a number of Dan's and Sam's colored dots have
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appeared under her triangle and she must move it in order to avoid losing points and giving
them points. Unfortunately due to the size of her previous triangle she can only play defensively
at the moment and must move her handle so that her triangle simply does not take any dots.

Figure 20 - Green moves a piece to avoid taking red and blue dots.

Her turn ends and three dots are added. Unfortunately Dan was playing very aggressively and
between the confusion of checking against the screen to his hand and the time limitation he is
unable to move his triangle completely away from the other player's dots. He takes two of Sam's
and one of Michelle's, they each gain and point and he loses two. Dan's turn ends and three
more dots are added.
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Figure 21 - Blue accidentally takes a green and red dot.
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The score is now Sam-5, Michelle-4, and Dan-1. This play continues until a player reaches 15
points and a winner is declared. The three then pull their handles off the map and the game is
reset. They replace one handle each and a new game begins.

7.5 Further Developments

Something that has been somewhat challenging is how to keep players from moving their or
their opponents' pieces in an inappropriate way. A number of software-based methods to keep
the players from moving their pieces were devised such as warning messages but ultimately it
seemed a futile and challenging thing to control given the tactile nature of the interface. It was
at this point a previous project from a few years ago came to mind, Space Vectors, a game
designed with the gamewell surface computer in mind [29]. In this game the same issue of
controlling players occurred and was deemed unsolvable. Eventually the solution became to just
let the players move their pieces as they wished and the game was greatly improved as a result.
Sometimes it is easy to forget that while this is a multiplayer video game with tactile pieces it is
an entirely local game. The best mechanism to keep people from moving their pieces
inappropriately is sitting right there next to each player, the other players. Long before there
were game engines to enforce rules, scoring, and gravity we had thousands and thousands of
folk games that organically grew out of the world’s cultures. What enforced the rules and kept
score? The other players enforced the rules and kept score. The benefit of designing the game
with this in mind is that it allows the players to create easier or more difficult games without
needing to break the experience with an options menu or for any programming to be
incorporated at all. Want an easier game? Simply allow the players to move all three pieces on
each turn. To make a harder game make it so they can only move one at a time. Part of the fun
of playing analog games is negotiating the rules with one another. Will we play Monopoly where
free parking nets the player that lands on the space the stack of money taken from the center of
the board or not? Does this money come from the spaces that take a tax, money that is added
at an interval, or something else? This allows a level of freedom and personalization to the rules
of Containment that is mostly non-existent in video games.
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Figure 22 - Left: A frantic game of Space Vectors.

Right: Looping two cyan butterflies in Loop. [15]

Another interesting idea has been the various ways the game could be embodied. The game
Loop, a game where the player catches butterflies by looping them, is similar in a few ways to
Containment and as such there is no reason this game couldn't be about looping in butterflies. A
more interesting idea, however, might be to treat each set of colored dots as a virus of some
kind in the vein of Dr. Mario. Each player is controlling three micro ships injected into a sick
patient or perhaps the patient's natural anti-bodies and are competing to kill off the majority of
the virus. This could also introduce new end game scenarios such as a virus that constantly
multiplies and in the end the players are overwhelmed or one where the virus can be killed off
but might require a level of cooperative play on the part of the players to destroy all of them.
Perhaps the game could be visualized as a paper and pencil game where when the players take
their dots the dots are virtually erased from the page in the game world. There are any number
of methods of embodying the game that might make it more interesting and might be
something worth looking into for future releases.

7.6 Other Game Concepts
Containment is a game where the players interact with the game in such a way that their
movements have nearly a 1:1 relationship between the tangible markers and the game world
itself. It is possible to create other games that use the system in a similar fashion. For instance,
the Pipe Dream game that was one of the original designs for the project is such a title. An
additional game that was developed for the project proposal stage was an edutainment game
aimed at children, a geography and facts game. First the two children, Mark and Sandy, would
take out the game board. In this case the game board has a collection of fiducial markers in the
center of the board that tells the software which game to load and has a faint line drawing of
the United States borders. On the laptop screen the system tells the first player, Sandy, to place
a marker on the state that has the capitol Nashville. She then puts the marker on top of
Tennessee and the system indicates that she has the right answer. The game then tells Mark to
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put his marker on the state named after the first US president. He puts his marker on
Washington DC and the game responds that he has placed the marker in the incorrect place and
indicates where it should go. The game then asks Sandy to indicate which state is often known
as the Show-Me State. She puts her marker on Nebraska and the system indicates that that was
the wrong choice and indicates that it was the state of Missouri. The game then asks Mark
which state is named Montana. He places the marker on Montana and the game indicates that
he was correct. The game continues in this fashion until someone gets enough points to win the
game. This game could teach interesting facts, geography, and other information about any
country or region through repetition and would be easily be expanded to other regions by
simply having other fiducial maps to print off.

There are many other games that could be developed that create a 1:1 relationship between the
game world and the tangible objects but more interesting is the ability to create experiences
that have an abstract relationship. This is only possible because unlike surface computers and
multi-touch screens the screen and interface are not in the same place for GameBlocks. In most
other tangible interfaces this disjoint is seen as undesirable and jarring whereas for GameBlocks
it can be used to create stronger game experiences by making a task, which would be a simple
in an interface that is the screen, more challenging. One game concept that was developed was
a platforming style game but one that would be controlled via the environment rather than
using the keyboard or game controller interface. The player’s character would move across the
level automatically at a constant pace and the player would have a number of fiducially marked
blocks that would manipulate various aspects of the environment. For instance one block could
control the effect of gravity, the prevailing winds in the level, a third the time of day, and a
fourth if it was raining. As the player’s character moves forward there is first a series of spikes
that will instantly kill their character if they step on them. The player rotates the wind block and
slides it to the right. They slide the gravity marker upward. This causes gravity to inverse and for
the wind to push the character through the air horizontally, clearing the spikes. They hit a
checkpoint in the air but now they are flying head on into a wall of fire and so the player tries to
stop by stopping the wind. Since the gravity is so low this causes them to simply float through
the air and burn up. The player is started once more at their check point and they quickly reset
all the environmental settings. This time they have the opportunity to consider their options
and rotate the wind block and slide it slightly to the right while at the same time rotating the
rain block which puts out the wall of flames and allows the player character to walk through.
After this the player discovers that the giant flame wall was to hold back a hoard of monsters
which are now coming their way. This is an instance where any number of approaches could be
taken perhaps if they rotate the time of day block the sun will set and the monsters simply go
away, maybe if they turn on the rain to maximum they can flood the screen and float over the
zombies, or perhaps the approach used to avoid the spikes will work here too. This game utilizes
the affordances of the abstract nature of the GameBlocks system to create a compelling and
potentially very challenging game experience. These two games plus Containment illustrate the
extensible nature of the GameBlocks system but also demonstrate challenges involved when it
would be easiest if the player could see the interface and screen at once. It is important to work
with this affordance of the system rather than around it when developing games for it.
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8.0 Related Projects and Inspirations for a Low-tech Solution

8.1 levelHead [40]

In the earliest stages of development when the interface design paradigm could be described
simply as "something with blocks" levelHead was a project that illustrated the sort of tangible
and low-tech approach that GameBlocks wanted to create. levelHead is a game project that
consists simply of a set of printed fiducially marked blocks and a webcam tied to the player's
Linux-based PC that is running the game software. The game itself is a spatial puzzle/labrynth
game where the player is trying to navigate a space using a little walking figure. When the
blocks are put in front of the eye of the camera the image that is displayed gives the blocks a
level of depth, the space within each cube is where the player's character exists and must
escape. To achieve this task the player must first find the face of the cube that currently
contains their character. When they find this the interaction required to move the character
about the space is simply to tilt the cube in the direction that the player wishes to move. As the
player's character enters a doorway they disappear through it and the player then rotates the
cube to view the room that their character emerged in. This process continues until the player
moves their character through the sixth panel of the cube at which time their character jumps
to another cube where they must now navigate the second space. This process continues until

the player gets through the third cube at which time they win the game.
' ‘

Figure 23 - Left: Basic setup of the tangible elements. [40]

Right: What the game looks like onscreen. [40]

While levelHead itself is an augmented reality game and did not inspire the project in that
respect its approach to a low-tech solution was nearly exactly the sort of approach envisioned
for GameBlocks. Having printable sheets that the players can print off and simply cut out is
something from a very early stage seemed to be the best approach to making set up much
easier for potential player. After watching the success of a game like indieCade that makes use of
just this kind of print-off technology we decided this would be the approach to take. A
difference, however, is that since Contiainment itself is not interested in the rotation of the
blocks or which side is currently up the print-offs are much simpler and merely contain one
fiducial marker for each block. Due to the extensible nature of the system, however, there is no
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reason that other games couldn’t require blocks with multiple sides and the appropriate print-
offs could be made.

8.2 Zune Buggies
One of the earliest inspirations for the project was one of Andy Wilson’s experimental games,
Zune Buggies [6]. For this he set up an overhead camera pointing downward at a table’s surface.
On a separate computer screen a 3D orthogonal view of the table’s surface was displayed. Then
he would place various folded pieces of paper and objects under the camera’s eye and upon
doing so the camera would interpret the data and add the form as a bump in the table’s surface
that was the same color as the object. Using an Xbox 360 controller, he was able to drive a small
virtual dune buggy over the hills formed by the objects on the computer screen. Additionally a
person could place their arm or anything else under the camera’s eye and ha_\_/ela similar result.

Figure 24 - Left: Interacting with Zune Buggies. [6]

Right: What shows up on the screen. [6]

This virtual world building via real objects was a major early inspiration for the project as there
is a great deal of potential in such a system. This system has been differentiated from this
approach by the use of the fiducially marked blocks. Rather than create a semi-literal
representation of the surface of the desktop in the game world, the user should be able to drop
in a block that represents a bell tower in one game, car in the next, or in the case of the game
being developed the poles at each end of a containing field. This creates a much richer
simulation environment for the user that engenders an element of surprise to every game.
More importantly, however, the people creating games for the system have a set of standard
inputs that they can plan on when creating their games. This allows them to create a game
experience that doesn’t have to plan for as many bizarre user interactions and also allows them
to create vast and rich worlds as well as the simple representation of the desk. That is to say, in
GameBlocks there is a much greater level of abstraction compared to Zune Buggies.

8.3 CYPHER
CYPHER: Cyber Photographer in Wonder Space is a project that was submitted to SIGGRAPH 00.
CYPHER generates a fully three-dimensional world based on the locations and configurations of
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“crystal blocks” which represent things like buildings, trees, etc. that are placed onto an
“exclusive table” which represents the space of the world. [7] What kind of tree, for example,
that gets placed in by the system depends on what mode the system is running as. There are
four themes that a user can create with: Edo era Japan, rabbit world, cosmic world, and a
haunted world. After the user configures the layout of the world to their liking they then place a
“human figure block” which represents where the picture that they take of themselves is going
to be placed. The system then takes into account the position of all the blocks and the user and
compares it to “a database of about 200 masterpieces” and generates the composition from
this. This is actually quite similar to the idea behind the GameBlocks system even going as far as
to use “the same building blocks that children play with,” one of the earliest inspirations. It is
quite different, however, because this is not a game in the traditional sense. Indeed, the
GameBlocks system could include a camera game like this but at this time it is not planned. A
more important distinction is the hardware used to achieve the CYPHER system. It is a tabletop
interface that makes use of ultrasonic oscillators and sensors to get positional data for the
blocks, something most people probably don’t have in their homes.

Figure 25 - Interacting with CYPHER. [7]

8.4 Mightier

Finally, the game Mightier by Lucas Pope and Keiko Ishizaka is a game that formed a good deal
of how my system interacts with the real world. [8] In the game the user gets to the beginning
of their level, which is a platforming style puzzle, and is asked to print off a sheet that represents
the layout of the level from above. Then, the player takes a marker or pen and draws lines on
the print off map and when done places it under a webcam. The game then takes a snapshot of
the sheet and interprets the lines that the player drew. After this a laser fires down from the sky
and creates the platforms that the player drew on the page and then the player is given control
of their character and can jump on the platforms and complete the puzzle.
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Figure 26 - Left: Drawing the map for Mightier.

Right: The game draws the platforms according to the drawing.

It is because of this game that it was decided a good method for determining what game
GameBlocks should load is to have the user print off their own maps and fiducial markers. The
fiducials could be universal across the games but they could print off different page-sized map
of fiducials that the system looks to determine what game load. Based on which fiducial it finds
it would load that game. Additionally, it would be possible to have multiple sheets for a single
game and lay the pages next to each other in any order the player chooses so they could create
unique game worlds for each play through in a method similar to the board game classic The
Settlers of Catan. [9] Where Mightier and GameBlocks differ is in the sorts of interactions they
afford. Both allow the user to change the elements of the world around them but in Mightier
they are given only one option on how to change the world, raising platforms, but they can do
this as much as they like within the space. The GameBlocks player, on the other hand, has as
many options on how to affect the world as the developer allows for their particular title.
Rather than have the freedom of a pen interface, however, they can only create the world using
the pieces they are given. It is not dissimilar to comparing creating a sand castle in a sandbox
full of sand and a block fort using a toy chest full of blocks. Both allow for creative construction
but in different ways.
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9.0 Related Projects and Inspirations for Containment

9.1 PIP Testing

When brainstorming designs for what would ultimately be the final game concept some of the
things | kept in mind were the basic components of games and computing systems. One of these
concepts was the always useful point-in-polygon (PIP) test. PIP testing is a fundamental aspect
of creating a rendering engine, a game engine, or in any scenario where determining the
collision of two or more objects is something that is necessary or desirable. For example, if a
beam of light leaves a point along a particular vector a game engine can take the point at which
that vector intersects with the plane a polygon exists within. This point can then be compared to
the polygon and via a number of methods it can be determined if the point lies inside or outside
of the polygon in question. At this point the system could do any number of things including but
not limited to lighting up that polygon on a 3D mesh or collision detection.

The basic PIP test became one of the core gameplay elements of Containment not only because
it is a fairly common algorithm but also because of the bevy of gameplay options it creates via
its simplicity. By the simple manipulation of values it is possible to make a game where points
need to be contained, a game where points should be avoided, a game where certain points are
desirable while others are not, a game that uses any of these but smaller triangles lead to bigger
scores, or where bigger triangles lead to bigger scores, and so on. What going with a basic
element like the PIP test allows is for easy, constant, and deep iterative design and prototyping
without a need for heavy alteration of the core gameplay mechanic.

Figure 27 - A point-in-polygon test.

9.2 Boundary Functions
Boundary Functions was an interactive installation by Scott Snibbe that projected a Voroni
diagram onto the floor based on the positions of the people standing under the camera's eye.
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Voroni diagrams represent all the points that are the closest to a set of sample points. Snibbe
describes Voroni diagrams as being used in such wide fields as: anthropology, geography,
biology, chemistry, astronomy, marketing, robotics, and computer science. [11] He describes the
meaning of the project itself as, “The intangible notion of personal space and the line that
always exists between you and another becomes concrete. The installation is non-functioning
with one person, as a physical relation to others must be present. In this way the piece is a
reversal of the often lonely self-reflection of virtual reality - here we are given a virtual space
which can only exist with more than one person.”

Figure 28 - People interacting with Boundary Functions. [11]

In a similar fashion, Containment only starts once all players have placed their first pieces onto
the board. Containment is also concerned with boundaries and how they relate to the digital
and physical worlds. As opposed to the system adding a concrete representation into the
tangible world the tangible world adds an abstract representation to the simulated world. We
embed our world into the world of the computer rather than the computer bringing itself into
our world. The order of interaction is also reversed compared to Boundary Functions. In
Boundary Functions the players stand on the board and their positions dictate the boundaries
that are drawn between them. In Containment the system first waits for the players to place
themselves into its world but once they do the players must work within the world that the
game constructs and continually manipulates for them in order to outscore the other players.

9.3 JezzBall [12]

JezzBall was a game released in 1992 for the Windows 3.x operating systems in the Microsoft
Entertainment Pack. In it players were asked to contain a number of moving balls by removing
sections of the playing board. The player won when 75% or more of the board was removed.
This was an early inspiration for Containment but other than the winning scenario for the player
being to capture balls within regions of the board the games are entirely different. In
Containment the balls do not move and as such the balls hitting the borders of the triangles is
not an undesired condition leading to the player losing a life. Additionally, in JezzBall the player
contains the balls by actually removing regions of the starting game board whereas in
Containment the players merely take up space on the board. Furthermore, in JezzBall the balls
remain after they are captured thus continuing to pose a threat if they player must remove
more of that region of the board to win the game. This makes for a different gameplay

Page | 31



GameBlocks | Jimmy Truesdell

experience for Containment because when the player takes a region it is only temporary and the
dots that were once there are now gone. When their turn comes up again the field may be
significantly different than it was on their previous turn. This disables the players from simply
leaving their triangles in place and racking up points, something that happened frequently in the
original version of the software.

Pause (F3) 24 % cleared Slow (F4)

Last update: May 9, 2005
Figure 29 - A game of JezzBall in progress. [12]

9.4 Gamewell and ColorCross [5], [14]

Gamewell was a surface computing research project by a number of undergrads, including
myself, at Georgia Tech in the SynLab. A desire for the project was to create a game that took
advantage of the strengths of GameBlocks interface but had the same sort of frantic multiplayer
experience that the gamewell game ColorCross had. ColorCross was designed as a cooperative
Twister style game in which the players had to put colored handles into the appropriately
colored squares on the game board. The handles would change color and so the players would
have to move their handles into the appropriate colored region. Once everyone had moved
their handles into the right place they would begin to rack up points. Eventually the handles
once again change color and the players must reconfigure. An early hope of GameBlocks was to
create a game in this vein, one that is frantic, fun, and makes use of the affordances of the
interface. In the end however the project moved away from real-time action and is not a
cooperative game. Due to the imposed time constraints and the required level of precision to
gain points and avoid giving points to other players, however, the game remains quite frantic.
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Figure 30 - A game of ColorCross. [14]

9.5 Loop [15]

Loop is a Shockwave game in which the basic premise is to capture butterflies in a loop as drawn
by the mouse. Capturing multiple of the same color nets the player points, different colors nets
negative points. Containment borrows many concepts from Loop such as capture consequences
based on color, looping as a mechanic, and the looped object disappearing after captured. It
differs, however, in that the passage of time is not what brings about the end condition in
Containment. The turn-based competitive implementation of Containment also creates an
almost Chess-like experience that is time constrained on a turn by turn basis rather than being
more of a matching game. Perhaps most importantly a game like Loop also can't be
implemented as a multiplayer game outside the realm of non-standard interfaces. The interface
itself sets Containment apart from Loop and enables an entirely new kind of play.
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10.0 Implementation: Software and Hardware

10.1 C# and XNA Game Studio 3.1

C# is the language created by Microsoft that the game and the camera system is written in. [19]
XNA is a library designed to increase the ease of making games that are portable across the
Xbox 360 and Windows platforms. The choice was made to implement the software for the
project using C# and XNA as | have previous experience with both the language and making
games that utilize XNA as well. Using the XNA Game Library enables developers to quickly create
rich interactive experiences and to work within an environment that does not have the sort of
asset rules and incompatibility as full game engines like Unreal 2k4.

10.2 Goblin XNA

Goblin XNA is the main library that drives the marker tracking system. Its creator describes it as
“an open-source platform for research on 3D user interfaces, including mobile augmented
reality and virtual reality, with an emphasis on games.” [18] Goblin XNA was the ideal tool for
implementing a low-cost solution for a number of reasons. The first being the low cost to the
project itself, Goblin XNA is free BSD licensed software. The second being it was designed to
work with simple webcams and printouts of fiducial markers from the very beginning. This
allowed the software to work with simple hardware that many people already have or can easily
and cheaply attain. It also works with a fair number of cameras as well as under a fairly large set
of lighting options. The third reason is because it was possible to use Goblin XNA with very few
alterations; it just became a matter of disabling the camera output and creating the game itself.

10.3 Newton Dynamics SDK

The Newton SDK is the physics engine used by Goblin in order to handle things like rotation of
objects, collision detection, and lighting. [20] This would be useful, for example, in creating a
game where the handles work like paddles and the balls are moving on the game board. When
the balls strike the geometry of the paddles the resulting vector could be calculated and realistic
bounce physics would be possible. Another game concept could be one where the tangible
objects act as gravitational points and the points could be affected by their gravity wells. What
Containment uses the SDK for is in lighting and the actual position and rotation of the geometry.

10.4 Lidgren-network library

Lidgren is an APl written in pure C# code for a simple client/server connection. [21] It would be
possible to network multiple cameras across multiple computers in this way and create larger
scale games or to create multiplayer games that could be in completely different locations. As it
is currently the Lidgren-network library is not used.

10.5 DirectShow.NET package

It allows for fuller access to Microsoft's DirectShow functionality from .NET applications. This is
related to video streams and is needed for full functioning of the camera. This is necessary
because, as per the developer's description, “Microsoft's managed solution to allowing access
to DirectShow from .NET isn’t nearly as complete as the DirectShow interfaces for C++.” [22]
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DirectShow.NET is what allows ALVAR to take in the feed from the attached webcam and
interpret the fiducials so that Goblin XNA can act accordingly.

10.6 TaoFramework

Enables access to OpenGL from the .NET environment. [23] OpenGL is not natively supported by
XNA or .NET and so in order to use it the TaoFramework was necessary. This allows for a much
richer variety of visual options as well as primitive geometry types that XNA lacks. It is used
extensively to create the simple geometry used in the game itself.

10.7 ALVAR

It is the main driving library for the fiducial reading aspects of Goblin XNA. [24] The other option
was to use the ARToolkit but ALVAR was the recommended marker reading system by Goblin
XNA's creator so it was decided against. ALVAR can interpret the markers under the webcam's
eye and Goblin XNA can store that data. If ALVAR reports that it can see the markers that
information is used to get the XYZ and rotational information and the on-screen cubes positions
are set based on this information.

10.8 Hardware

The basic hardware requirements for an end-user are fairly limited. First, a laptop or desktop
Windows PC is a must. In order to get the software and the printouts for the fiducial markers
they will need access to the internet and the PDF reader. A printer and regular printer paper is
necessary for setting the game up. The camera needs to be hung approximately two feet from
the surface of the map. The best way to achieve this is to bend an unraveled wire hanger into a
hook and hang the camera from it and put the hook into the bowl of a floor lamp. There are
some optional hardware choices as well. If desired the user can put the markers onto some kind
of hard backing. Putting the map board onto a piece of thick poster board was effective at
making it adequately stiff and flat. Foam blocks for the individual handles are great at keeping
them mobile and flat.

10.9 Interaction/Interface Design

A major concern for many projects that use non-standard interfaces such as a surface computer
or an AR system is lag. There is a period of time between which the camera sees the marker,
interprets the marker, tells the engine what marker it saw, and the engine does what it needs to
do when it sees the marker, and then the result is displayed to the user. This happens many
times per second but a level of lag and misinterpretation is to be expected from the system.
Another problem can be light sources. Some types of light can interfere with camera-based
interface systems, and too dim or too bright a light source can make the interface completely
not work. Another issue is when people pick up their handles they are likely going to cover their
or their neighbor's markers.

In the case of light issues there isn't much that can be done other than to make a choice of
system that can handle a wider array of light sources. This was a primary reason TUIO and
Reactivision were dropped as possible options. Goblin XNA can handle a fairly wide range of
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light and by changing paper type or the size of the markers themselves some improvements
may be possible. What is most important is that on normal printer paper under the typical
lighting conditions found in the average home the system works fine with the camera about two
feet above the map sheet.

Goblin XNA is relatively responsive with minimal lag. At the current size of the markers when
the camera is approximately two feet away from the board there starts to be graphical glitches.
The height issue could be fixed by printing off the markers at a larger size but they are currently
set at a size intended for what is considered typical in a home setup.

As far as being concerned about people covering their own markers or the markers of others
this is generally not an issue and was made even less an issue by moving to a turn-based game.
This is because in a turn-based game it doesn't matter if the active player is accidentally or
purposely covering an opponent's marker because only the position of their own markers
matter. If the active player is covering one of their own markers this will simply cause them to
not score which is only bad for that player so they will be discouraged from doing so in the
future without a need for technical intervention.

10.10 Features

The final release of the software this semester has been divided into three parts: the software,
the website, and documentation. The software itself is a collection of dll files and the exe for
Containment. Also included is the configuration application that generates the necessary
configuration file so that whatever webcam the user is using it will be possible for the ALVAR
library to interpret the markers accurately.

Containment is fully implemented as a turn-based game. When the three players each put down
a marker three dots are generated. A timer is displayed and player one must put down a marker
or move the first marker and three dots are generated. This process repeats for the next two
players. The players continue putting down pieces until one player reaches a score of 25.

The website will contain links to this document, documentation that explains how to set up the

software and webcam. The documentation will also explain possible methods of hanging the
webcam. The website will also have the links to the files necessary to run the application.
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11.0 Future

After the successful completion and defense of the project the project will be submitted the
Tangible, Embedded, and Embodied Interaction conference in January 2011. The stated goal of
the projects presented at TEIl is to address “HCI issues, design, interactive art, user experience,
tools and technologies, with a strong focus on how computing can finally bridge atoms and bits
into cohesive interactive systems.” [30] After weighing the options my advisors and | decided
that the TEI conference was the best fit for the project and so we will move forward as such.
Further refining of the software will likely be necessary to make it conference presentable and
further writing to this paper will be required as well. My advisors have also suggested that
IndieCade would be a good avenue of submission as well due to its focus on independent and
unique gaming experiences.
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12.0 Conclusion

The mass adoption of most tactile and intuitive interfaces has been stymied by limitations of the
technology, technical experience requirements on the part of the users, size, and cost. The aim
of this project was to create a tangible interface that the typical mass-market consumer could
install to their home PC and use with little setup, cost, or intrusion of their homes. The game
Containment was designed, prototyped, implemented, and released to illustrate only some of
the possibilities of such an interface. In creating Containment | believe some of the possibilities
related to having a powerful and versatile tangible interface in the home have been revealed. |
believe it has been proven effective as an interface and a good first step toward creating a more
fully realized interface that could be offered online with some assembly required or offered in a
packaged form in stores so that no assembly would be required. Tangible interfaces are one of
the potential futures in the world of PCs and as we develop for them further we will be able to
take advantage of their affordances and create truly novel and intuitive software.
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