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Abstract. This paper describes the design of a perceptual user interface for
contralling a flying cartoon-animated dragon in QuiQui's Giant Bounce, a
physically and vocally interactive computer game for 4 to 9 years old children.
The dragon mimics the user's movements and breathes fire when the user
shouts. The game works on a PC computer equipped with practically any low-
cost microphone and webcam. It is targeted for uncontrolled real-life
environments such as homes and schools.

1 Introduction

Computer vision and hearing' technologies have been used in various human-
computer interaction applications. However, there is little written about designing
computer vison and hearing-based computer games and user interfaces for child
users in uncontrolled real-life conditions, for example homes and daycare centers.
The main difference to install ations and exhibitions, such as the Kidsroom [17], are
that the lighting and the position of the cameras cannot be assumed to be constant.
The technically illiterate end users must also be able to setup the software. 1deally,
initialization and adjusting of technical parameters should be as automatic as
possible. The games developed by Intel and Mattel [4] come close to that, but they
still have usability defects, like voice prompts that instruct the user to step aside so
that the computer vision can be properly initialized.

Perceptual user interfaces are interesting when designing computer games, since
they enable the user to naturally act out the role of the main character. The natural
user interface can deepen the user's emotional commitment to the game and make
the game more compelling and exciting. Properly designed perceptual user interfaces
can also add physical exercise to the game. Thisis a benefit compared to traditional

1 We use the term computer hearing for consistency with the term computer vision,
emphasizing that it refers to an eectronic sense, athough terms like machine listening and
computer audition are more common in the literature.



computer games, the overuse of which may have negative effects on children's
physical health (see e.g. Subrahmanyam et al. [22]).

This paper describes the design of the first game task and user interface of
QuiQui's Giant Bounce, a computer game controlled with movement and voice and
targeted at 4 to 9 year old children. The novelty of the approach is that the
technology is designed for children in their natura environment from the point of
view of usability. The user interface also combines immediate response to both
motion and voice input to deepen the illusion of being the main character of the
game.

The user interface uses a webcam and a microphone to see and hear the user. The
main character and avatar QuiQui mimics the user's movements and lets out a fiery
breath when the user shouts, as shown in Figs. 1 and 2. The game is a work in
progress and it is designed to have several game tasks. Each task has its own way of
moving; for example swimming, flying or jumping. In the game task presented in
this paper, QuiQui has to fly through the clouds over a desert to make them rain.

The paper first discusses the technical requirements of the user interface from a
usability point of view. Then a set of simplifying assumptions is defined, aiming at a
practical implementation that satisfies the requirements. Finaly, the design and
implementation of the user interface is presented together with the findings of the
testing with child users.

Fig. 1. QuiQui breathes fire when the user shouts

2 Background

Computer vision and hearing were chosen as the interaction technology for QuiQui
because we wanted to provide a natural and unencumbered user interface that would
also be robust and accessible in every home. We did not want to use any sensors
attached to the user's body. Such sensors are easy to break and are also awkward if
several children want to play the game together or by taking turns. Because of the
variety of webcams on the market, we did not want to optimize the game for a



particular hardware setup. Although this adds a number of unknown variables such
as frame rate, optical parameters and noise, game requires no purchasing of specific
hardware. Thus, it can be smply downloaded from the project's homepage,
http: //imwwv. kukakumma. net.

Fig. 2. A typical setup of the game: The camerais mounted on the monitor and the user moves
in front of the screen

Much work has been done in the fidd of perceptual user interfaces based on
computer vision and hearing. Our work is closely related, for example, to the
Perceptive Spaces and physically interactive story environments developed at MIT
Media lab [23][17]. These projects include several applications where one or
multiple human users are tracked and the sensory data is used to control a graphical
representation of the user or the reactions of the other characters.

Considering game applications, QuiQui's peers can be divided into two categories
based on the user's representation in the game. In the first category are games that
use a "video avatar”, that is, the video image of the user or a part of it is directly
interacting with computer graphics, as shown in Fig. 3. The approach was
experimented as early as 1984 in Myron Krueger's pioneering work Video Place [15]
and it has been commercialized by Intel and Mattel [4], as well as by Vivid Group
[24].

QuiQui's Giant Bounce is an example of the second category, that uses a
computer-generated avatar in the same way as traditional computer games. The
avatar mimics the user's movements. In general terms we are talking about human
motion capture, which has been researched intensively, as seen for example in
Moedlund's survey of more than 130 related papers [16]. However, the solutions
presented in the literature are rarely applicable to computer games in home and
school environments. One reason for this are the requirements of the users and the
target environment, elaborated in the next chapter. Also, in consumer applications



the methods used can never be fast enough because the more effective the a gorithm,
the wider range of computers can run the program.

Games often restrict the space of possible movements, which is fortunate from the
point of view of technology. Exploiting the knowledge about possible movements
may enable solutions that would not work in other contexts. Following this principle,
several user interfaces for existing games were developed by Freeman et d. at
Mitsubishi 1abs[7][8][9]. However, designing a user interface for an existing gameis
restricted compared to designing the game and user interface together. For example,
in games in which the avatar jumps when the user presses a button, the height of the
jump is usually constant. A perceptual user interface should allow the user to jump to
different heights, which requires that more control data is extracted from the user's
movements.

Fig. 3. An example of the "video avatar" games [4]

3 Requirements and Assumptions

In this paper we have mostly devel oped further the ideas presented by Freeman et
al. [7][8][9]. Considering the target group and the environment of use, the challenge
was to find a technical solution that does not sacrifice usability and approachability.
For this we defined the following requirements:

1. Completely automatic operation without any learning stages, initialization or
settings that need user participation. Our goal is that children can use the game
without adult guidance.



2. The methods must adapt rapidly to changes in the environment, incuding
lighting and camera position.
3. The methods must adapt to the differences in various camera models, including
framerates in the range 15...30 fps, noise, motion blur and color resolution.
. The system responds with as low latency as possible.
. The system must tolerate several visible humans, either one player and viewers or
several users participating collaboratively.
. The user must not have to wear any specific clothing or markers.
7. As low computational complexity as possible to enable maximal computational
resources for the actual game application.
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The requirements are based on the three requirements for human-centered
perceptual user interfaces by Crowley et al. [3]: robustness and autonomy, low
latency and privacy protection, the last of which is irrelevant here since it applies
mainly to multi-user applications and the video footage of the user is not stored in
QuiQui's Giant Bounce. As Crowley et al. put it, "Usability determines the
requirements for technological innovation.”

The requirements 1 and 2 rule out many of the existing computer vision systems,
for example all the systems based on an assumption of a constant or almost constant
background. This includes the technology behind Intel and Mattel's games [4], most
of the MIT Media lab experiments mentioned and also the only webcam based game
study we know of [19]. Assuming a constant background is lucrative for computer
games, because a two-dimensional silhouette of the user can be obtained simply by
subtracting every video frame from a sample of the background. Once a silhouette is
obtained, simple shape recognition techniques can be applied to produce the control
signals needed for a variety of games, as shown by Freeman et a. [7][8][9].

The requirements 1 and 2 are based on the fact that our target group isilliterate
and technically incompetent, which makes it difficult for the software to instruct the
user. Unexpected changes in the environment do happen when the system is used at
homes and the users are children, as D'Hooge points out [4]. Our own usability tests
also verify this. Intel and Mattel use voice prompts to guide the user for example to
step away from the camera view for initialization [4], but we find that awkward.

The requirement 3 has severe implications on the computer vision methods. The
low color resolution, noise, and unpredictable, often automatically controlled color
settings such as white balance imply that color based skin and face detectors (see for
example Bradski [2]), cannot be used reliably. Fitting curves to image contours (see
for example Blake and Isard [1]) is unreliable because of noise and motion blur. The
low frame rates decrease the accuracy of predictive methods. The motion of the user
may have sudden changes and because of the frame rate, the user may suddenly be
hundreds of pixels away from the predicted location. For example in a platform
jumping game, the user may stay ill, waiting for the right timing, and then
suddenly bounce in any direction. An example of the amount of motion blur and
changes between successive frames is shown in Fig. 4. The figure contains two
frames of a jumping user recorded with a Logitech Quickcam Express webcam in
daytime home conditions.



The requirement 4 rules out various gesture recognition methods that recognize

movements after they have been completed. Low latency is important for the overall
feding of the game. For example, in a game played by jumping, latency can cause

the virtual world to fed stick

, like the avatar was standing in a pool of thick mud

Fig. 4. Two successive frames captured by a webcam when the user isjumping

The requirement 5 is based on our usability tests and the findings of Inkpen et al.

[14] and Stewart et al. [21]. It appears that gaming is a social event for the children.
It is hard to restrict the situation to one visible user since the others want to watch,
standing or sitting beside the main player or for example crouching on the floor. In
our tests, children also liked playing the flying game together with a friend, so
collaborative operation should be supported when possible.

Requirement 6 further restricts the computer vison methods. It is defined to

enable more convenient collaborative play and the delivery of the game in fully
digital form as a simple downloadable software package.

Adding the requirement 7 to all the previous ones, one may wonder what is

possible in practice. Fortunately, game applications alow many contextua
simplifications. We use the following assumptions:

1

The background is temporally "piecewise" constant. If there are changes, they are
ether immediate or ow and gradual. This includes changes in lighting, sudden
movements of the camera (if a child for example bumps into the table on which
the camera is placed), and changes in the physical environment, like closing or
opening of a door. According to our experience, it aso includes automatic
adjustments of exposure and gain done by the webcam drivers, since they usually
happen slowly or in discrete steps.

. The user's movements are restricted. The user faces the camera because the

camera is mounted near the screen. Distance from the camera is limited because
the user must be close enough to the screen to see the graphics and also because
there is a limited amount of space available at peopl€'s homes. Because of the
spatial constraints the user's legs do not necessarily fit into the camera view and
we resdtrict the tracking to the upper body of a standing user, a convention also
used by Intd and Mattel [4]. The movements are also often restricted to a set



specific to the game context, a principle often exploited by Freeman et. al.
[7118][9].

3. If there are more than one people visible, the user is not severely occluded by
others. This is natural since the user usually wants a clear line of sight to the
computer and thus to the camera

4. Responsiveness is more important than correct tracking of the user. It doesn't
matter if the game can be "cheated" using movements other than intended, aslong
as controlling the avatar is most convenient using the intended movements so that
the "right" way of moving is encouraged.

In our opinion, the assumption 4 is the key to designing practical computer vision
and hearing methods for perceptually interactive games. In our tests with children,
we have noted that the game experience is generally not degraded if the player can
cheat the game. Many times it only challenges the child's creativity. For example
when testing an early prototype of the flying game, a six year old girl started
experimenting with different movements. In the interview after the testing she stated
: "The best way to get up in the air isto first flap your hands and then you can jump
up and down. " She was clearly satisfied about her finding. The negative sideis that
the feedback given by the game can be confusing when the user is learning to play
the game.

4 Design and Testing of the User Interface
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Fig. 5. Starting the flying game

This paper presents the user interface of the first game task of QuiQui's Giant
Bounce, a game of flying. The treatment is focused on the human-avatar interface,



that is, the mapping of user's actions to avatar's actions and the technology behind
this. The overall game design and the avatar-virtual interface are beyond the scope
of this paper. By avatar-virtual interface we mean the interaction happening in the
game world, the design of which is more close to user interface and usability design
in general, including metaphors, logic, information design etc.

In the context of computer games, the definition of usability is rather vague (see
for example the discussion in ACM CHI-WEB archives [10]). The basic
contradiction is that a good user interface tries to make things easier for the user, but
a computer game needs to present a chalenge to the user. Our view is that the
human-avatar interface should be as intuitive and transparent as possible. It should
let the user focus on the challenge presented by the avatar-virtual interface, to let the
user think and act from the point of view of the avatar. It is a usability issue, if the
user, as hisor her real-world self, does not know how to move so that the avatar flies
to a certain direction. However, it is a more general game design problem to for
example place the clouds in the sky so that the user, as the avatar, can find them in a
certain time.

Note that the division into the human-avatar and avatar-virtual interfaces is not
clear when considering game physics. Game physics are the general laws controlling
the avatar's movement in the virtual world. The game physics largely define the
overall feeling of the user interface, described with adjectives like light, heavy, fast,
dow etc. Variables such as gravity have an effect on how the avatar reacts to the
user's movements. However, they also have an effect on how the avatar interacts with
the game world. Properly designed game physics should increase the feeling of being
in control of the game. On the other hand, in games like Liero [26], the game
physics constitute the main challenge and enjoyment of the game. The physics are
adjusted so that the game requires lightning fast reflexes and decisions when the
avatar isflying through the air or swinging at the end of arope.

In general, it seems that the human-avatar interface is designed to be as smple as
possible, with the exception of games like Tomb Raider [27] or Die By The Sword
[25]. Those games offer increased realism with a more complex and expressive
interface that enables actions such as somersaults or separate control of the avatar's
upper and lower bodies.

QuiQui's Giant Bounce uses smple sets of movements that vary according to the
game task (sub-game). The user interface design is based on the game design and
narrative. In the flying game presented in this paper, the basic setting we started
with was that QuiQui has to help a yellow watering can to water the dry desert. This
is done by flying through the clouds on the sky to make them rain. QuiQui holds a
pair of big leaves in its hands so that they act like wings. The game starts with a
metaphorical instruction spoken by the watering can "Flap your hands like a bird to
fly up to the sky". A screenshot of thisis shown in Fig. 5.



4.1 Methodology: Usability Testing With Functional Prototypes

For example Druin [5] and Hanna et al. [11] have written about collaborative
design and usability testing with children. Druin et al. present a method called
Cooperative Inquiry for incorporating children in the design process, for example
through collaborative low-tech prototyping sessions. Hanna et al. give guidelines for
adapting conventional usability testing methodology for children.

Since we were interested in aspects such as the intuitiveness of the user interface,
we adopted an approach of iterative usability testing and interviews with users that
are new to the game. Druin suggests a long-term reationship with a group of
children [5], but in our case such approach would be more useful considering the
overall design of the game or for example the story and character design.

The main testing method used was peer tutoring [12]. The test was started with
the metaphorical instructions and with instructions to fly through all the clouds.
After that the test subject tried to learn to fly and instructions were given only if they
were not successful or seemed frustrated. After the test subject had played the game
for a couple of times, it was his or her turn to teach the next child to play. We used
two approaches, where one child tutor instructed one child tutee and where two child
tutors instructed one child tutee. We used the peer tutoring method because we
wanted that children are able to teach other children how to use the game, which is
important in social settings such as schoadls.

The tests were conducted at homes and at a preschool and school. The tests were
videotaped to record the movements and gestures of the users. The tests were done
using perceptually interactive prototypes, initially with more smplifications than in
the fina version. Although there has lately been some research on prototyping tools
for perceptual user interfaces [18], they are more suitable for user interfaces where
the user for example points at things. In skill-and-action games such as the flying
game, theinteraction is more fast-paced and prototyping is more difficult.

Two iterations of the user interface were produced based on tests with 12 and 16
children, respectivey. The subjects were of ages 5to 9. In addition to the second test,
the fina prototype has been tested informally with several users. Informal tests were
also used between the two usability tests to try out various technical implementations
of the second and final user interface. We have also had feedback from teachers and
parents who have downl oaded and installed the game.

4.2 Reaults

We evaluated the different iterations and technical implementations of the user
interface based on how quickly the users were able to fly through all the clouds. Only
the human-avatar interface was changed between the tests. Other aspects of the
game, such as the locations of the clouds, were not modified. The results of the
second test were that all the children were able to play the game and the average
playing time dropped by 66% from thefirst test. All children learned to fly and could
fly through all the clouds. The children also wanted to play the game several times,



which indicates that they liked the game. In the informal tests it was also found out
that the gameis suitable for at least some 4-year-old children.

4.2.1 Interaction M odel
In addition to the conclusive results the tests provided significant information during
the design process. In the first test, the most frequent reaction to the metaphorical
instructions was that the children waved their both hands to fly and bent their upper
bodies sideways to control the direction of the flying, as shown in Fig. 2. In thefirst
prototype our initial suggestion was that the user would use only one arm to fly
sideways. This was changed to match the observations in order to make the user
interface more intuitive.

A screenshot of the second and final prototypeisin Fig. 6, showing the user flying
to the | eft.

Fig. 6. The flying game in operation

4.2.2 Technical Design

From the point of view of technical design, the main point learned was that the
variety and flexibility of children's movements are very difficult to anticipate, even if
certain ways of moving were more frequent than others. This directed the computer
vison methods towards analyzing holistic and rather vague image features such as
image moments instead of precise tracking of the user. Examples of the various ways
the children moved are shown in Fig. 7.

4.2.3 Spatial Design
We also encountered problems with the spatial design of the user interface. Because
of the limited space available at schools and especially at homes, the camera cannot



be placed so that the user is dways visible. Instead, the user must be guided to stay
within the fidd of view of the camera. This is problematic especially when an exact
one-to-one mapping between the user and the avatar is not possible. For example
when the avatar isflying in the air, thereis no intuitive mapping for the user moving
sideways. Because of this, there is a gap in the feedback of the user interface, and
the user can accidentally step out of the camera view. This happened severd timesin
the usability tests.

The problem was initidly tackled with the small camera view window in the
bottom Ieft corner of the screen, as shown in Figs. 5 and 6. It helpsin verifying that
the user is positioned correctly, but it was found out that it was hard for the test users
to monitor their position. It appears that the camera view is mainly helpful for adults
in determining the correct placement of the camera. In general, the younger the
users, the easier they forgot that they should stay near a certain optimal location.

Fig. 7. Test users learning to fly. Note that the figures at the bottom are blurred because of the
rapid movements of the user

We did not want to abandon the concept of a flying avatar. Also, we did not want
to set more technical constraints for the game, such as a specific camera model with
a wide enough field of view. Our solution was to create an approximately one meter
wide "magic square’ on the floor using marker tape. Our tests show that this
considerably helps the children to remember the spatial constraints. They seemed to
understand it easily when we explained that "You must stand in the magic square so
that the eye of the computer (the camera) can see you." This instruction was usualy



the first one given when the children explained each other how to play the game.
Although adults might regard things like magic squares as cheap compromises or
cheating, magic is a useful concept when designing children's technology. It is
important and natural in children's fantasy and play. Another good example of using
magic to overcome difficult design constraintsis given by Druin [6].

The difficulties encountered were caused by the real world constraints, i.e. limited
playspace and field of view of the camera, and the mismatch between the game and
real world physics. The magic square is not necessarily the right solution for all
games. For example, in a platform jumping game the game physics may match the
physical world, but moving in the virtual space becomes a problem if the virtual
spaceis larger than the real playing space. One solution isto map the location of the
user to avatar velocity, that is, to map physical variables to derivatives of their virtual
counterparts. An example of thisisthe SURVIVE system [23].

4.2.4 Cognitive Load and Feedback to the User
We also encountered problems that were apparently caused by the high cognitive
load of the user interface. The main observation was that it is hard to get the user's
attention when he or she is learning to fly. The user is aso further away from the
screen than in traditional computer games, so that the graphics must be scaled,
making the avatar larger in relation to the size of the screen. This further
complicates things as the user has less time to react when flying around. Although
we tried to keep the visual appearance of the game as smple as possible, there was
so much happening that the test users did not notice everything. For example, the
user's did not aways notice the raindrop symbols of the top right corner of the
screen. New colored raindrops are added when Qui Qui flies through a cloud.

We did not yet find any general solutions to provide feedback that inevitably
catches the user's attention. It seems that rather extreme techniques might be needed,
such as cinematographic close-ups of important events.

5 Technical Design and Implementation

This chapter describes and evaluates the technical design and implementation,
including game physics, computer hearing and computer vision. The design is an
example of a smple and practical technical solution that relies on the requirements
and assumptions presented in chapter 3.

The general design principle isto use aslow-leve features of theimage and sound
data as possible, considering the game context. An example of a low-level image
feature is the center of mass, in contrast to a high-level interpretation such as three-
dimensional pose of the user.

The more decisions and interpretations are made, the more there are chances for
errors. Since the environment of use and the actions of the child users are
unpredictable, it is difficult to ensure that the assumptions behind the decisions and
interpretations hold in every situation. A simple motion tracker that interprets



various movements as flying is better than a sophisticated tracker that causes the
avatar to fall down when it makes a false interpretation and moves the avatar's legs
instead of its arms.

The main benefits of the approach are robustness and simplicity. The main
drawback is the dependency on the game context, that is, the loss of generality. The
computer vision methods used in a user interface for flying are not necessarily
applicable to for example a user interface for platform jumping.

5.1 Computer Hearing

The computer hearing is the simplest part of the technology since we only need to
detect whether the user is shouting or not. This can be done by simple thresholding.
The first step is to compute the signal power in each 50ms window of audio samples
delivered by the sound card's capture driver:

P(m) = ZN: x(n)?, @

where m is the window index, N is the window length in samples and x(n) is the
input signal. Since we are only interested in the signal power relative to the
background noise power, we filter the power values using a first order IR highpass
filter derived from [13]

Po(M) = P(M) == P(m-D+ - 2R,m-1), (2

where @ is the cutoff frequency of the filter in the range 0...1. With a constant level
background noise P,,(m) is close to zero. When the user begins to shout, Py (m)
peaks and begins to decay exponentially. A threshold value T is used so that the
avatar breathesfire aslong as P,,(m)>T.

The system detects al loud sounds as shouting, but it does not matter because
fasely detected shouting has no negative consequences in the game. This is in
agreement with the assumption 4 presented in chapter 3. The main benefit of the
design is computational simplicity. Children also have fun experimenting with
different sounds. For example in one test with three children, a boy found out that he
could make QuiQui breath fire by clapping his hands. After that, the other children
tried it out enthusiastically. According to our tests, especially young boys are excited
about the voice interface.

Although the voice input mechanism is simple, it seems to increase the
excitement of the game and supports the fantasy of being a dragon. Because of the
direct mapping between shouting and breathing fire, the voice interface does alienate
the user from the game. The interface allows the user to express himsalf or herself as
the avatar, in contrast to voice interfaces that for example recognize commands
spoken to the game.



5.2 Game Physics

Thefirst step in the design of the motion analysis was to design game physics for the
avatar. The physics determine the control signals computed from the user's
movements. Our solution uses loosaly interpreted Newtonian mechanics simulated
with finite differences, that is, by replacing time derivatives of variables with
differences between the variables at successive simulation steps. Note that when
designing game physics, the real laws of physics are merely exemplary conceptual
tools.

Our solution has two masses connected by a weightless rod as shown in Fig. 8.
Instead of the center of mass the moments caused by the forces F and G are
computed relative to the origin. The forces G denote gravity and F denotes the
"thrust" force caused by the user's movements. The angle between the vector F and
the rod equal s the angle between the user's spine and the vertical axis. This allows
the user to contral the rotation of the avatar by bending sideways when flying. The
mass at the lower end of the avatar is further away from the origin so that it causes
the avatar to rotate back to upright position if the user is not moving.

Note that the avatar is not flexible like the user. The animation smply has three
frames with hands held up, down and straight to left and right.

F

Fig. 8. Physics of the flying avatar

5.3 Computer Vision

To make the system robust to changes in the environment, the basic approach of the
computer vision is differential motion analysis [20], based on intensity differences
between consecutive video frames (temporal difference). The intensity differencesare
strongest at areas containing motion. Changes in lighting etc. cause only temporal



disturbances in the system, opposite to for example the games by Intel and Mattel
[4].

The drawback of using only the temporal difference data is that only the moving
parts of the user can be detected. Fortunately, the analysis is smplified by the
assumption that the movements of the user are limited to those relevant to the game
context. Our system assumes that if the user is not simply standing still or walking
around, he or sheistrying tofly.

The system consists of the following processing stages, operating on 8-bit
grayscale images.

1. Reduction of resolution to 120x96 pixels with spatial averaging (lowpass filtering)
to reduce noise. The intensity of each output pixel is the average of an 8x8 pixe
area of the input. The video is originally captured at 320x240 pixels or the closest
resol ution to that supported by the camera drivers.

2. Tempord differencing. Each output pixel is the absolute value of the difference of
the corresponding input pixels of the last two input frames.

3. Thresholding. A threshold value is determined and pixel values below it are
considered as noise and set to zero.

4. Theimage and the trajectory formed by its topmost nonzero pixels are analyzed to
determine the output variables used to update the game physics.

Fig. 9 visualizes the operation, starting with the graysca e input image and ending
with an image output by the third stage, augmented with visualization of the analysis
of the fourth stage. The pose of the upper body is visualized as a straight line and the
topmost nonzero pixds are plotted with maximum intensity. Note that the
brightness of the images has been increased for better printing quality.

The threshold value of stage 3 is determined using histogram-based thresholding,
various approaches of which are presented in [20]. It is assumed that the center of
the background noise distribution is at the maximum of the histogram and that the
distribution decreases monotonically at both sides of the maximum. The threshold is
determined as the first local minimum of the histogram when searching from the
maximum towards greater intensity values. According to our tests in various
environments with a total of seven different camera models these assumptions seem
to hold.

The first step in stage 4 is to detect whether the user is doing something or
standing till. The criterion used is the amount of nonzero pixels. Anaysis is
continued only if the amount exceeds an experimentally determined value, currently
the half of the image width.

The next step is to detect that the user is trying to fly instead of simply walking
around. A parabolaisfitted to the topmost pixels of theimagein |east-squares sense,
as shown in Fig. 10. When the user is waking, the parabola usualy fits well and its
peak is located near the head of the user. The analysis is not continued if the
quadratic coefficient of the parabola is negative enough and the peak of the parabola
ishorizontally near the center of the detected topmost pixels.



Fig. 9. The original input and the four processing states of the computer vision (from left to
right and top to bottom)

7

Fig. 10. Detecting a user walking

The analysis of the angle ¢ and force F in Fig. 8 is based on image moments.
Image moments are statistical characteristics that have been used for computer vision
based game user interfaces by Freeman and Sengupta et a. [7][8][19]. An image
moment of order (p+q) iscomputed as the summation [20]

My, = i ixpyqi(x' y): (3

X=—00 y=—00



where i(x,y) isthe pixel intensity at coordinates x and y.

For user interface purposes, moments up to second order can be computed from
silhouette representations of the user to obtain estimates of the size, location and
orientation of the silhouette [7][8]. Freeman et al. also suggest that they could be
computed from the temporal difference [8]. However, in this case the orientation
information obtained from the moments is ambiguous, depending on the parts of the
user that are moving. The principal axis of the difference may appear to be in the
direction of the user's hands as well as the user's body.

Our solution for determining the pose of the upper body is to compute two
spatially biased mass centers from the thresholded temporal difference. We use a left
and right mass center, (X Yier) aNd (Xrignt:Yrignt), Marked with short vertical linesin
the bottom right image in Fig. 9. The orientation of the user's shoulders is
approximated with aline drawn through the centers, also shown in thefigure.

The coordinates of the mass centers are computed from moments up to third
order, by weighing the pixels differently depending on their position:

1 ¥ .
Xright = k_zz X(X2 + y)I(X! y)!
right x=1 y=1
1 w h ) ]
Yo = 70— 2, 2 YO + Yixy),
right x=1 y=1 (4)
1 3 .
K =3 3 X=X+ Y)i(%,Y),
left x=1 y=1
1 w h ) ]
Yiet =k—zz y((w=x)" + y)i(xy),
left x=1 y=1

where h and w are the height and width of the image in pixels. The scaling factors k
equal the sum of the weights,

Kiignt = ZW:Z (< + Y)i(x,y),

®

w h

Kiett = ZZ (W=x)? + y)i(x y).

x=1 y=1

Pixels closer to the left edge of the image are given more weight in the summation
of the left mass center. The pixels closer to the top of the image are aso given more
weight in both mass centers to reduce the effect of the movement of the user's lower
body. They coordinates start from 1 at the bottom of the image, growing towards the
top.

The position of the hands is practically impossible to detect accurately because of
the mation blur. If the user's hands are moving fast enough, they can be perceived as
an almost constant area of movement in the temporal difference. If flying is detected,



the hand position information is changed by one animation frame according to the
vertical movement of the mass center of the temporal difference. According to our
tests this works sufficiently well.

Because of the ambiguity of the hand position information, the thrust force F in
Fig. 8 cannot be computed from the angular velocity of the user's hands, athough
this would probably be the most intuitive interpretation. Instead, it is directly
proportional to the amount of movement, measured as the amount of non-zero pixels.
Thisis clearly a weakness, because it makes the system variant to changesin camera
optics and the distance of the user. However, considering a single setup of the game,
these properties vary only little. The user can adjust the overall sensitivity of the
game in the main menu, which would be a useful feature even if the force could be
determined more accurately. Because of the manual adjusting of the sensitivity, the
requirement 1 presented in chapter 3 is only partialy fulfilled. The game works with
the default senditivity, but in some cases it may fedl too light or heavy.

The requirements 2, 3, 4 and 6 are met because of the use of temporal differencing
and low-level image features. The system analyzes all movement, regardiess of
shape, color etc. The latency of the system is only one video frame.

Considering the requirement 5, the presence of other people than the user does not
affect the game as long as they move |ess than the user so that the user dominates the
analysis. However, the game is sensitive to other movement when the user wants to
fal down and just stands still.

The system also supports collaborative play because the maotion analysis based on
image moments i s vague enough to treat several users as one. However, this requires
that the users are standing close enough to each other and flying in the same
direction.

Considering the requirement 7, the computer vision is computationally efficient,
leaving most of the processing power of current PC computers for the actual game.
The implementation only caused an increase of 10% in the CPU load in our test
system, compared to a bypassed situation, where a video stream was captured and
converted to grayscale, but it was not fed through the processing stages described in
this paper. The test system used was a 1GHz Pentium 111 Dell Inspiron 8100 laptop
computer capturing video at 30fps using a Cregtive Video Blaster Webcam 5 camera.

To summarize, the computer vision solution is tested to work and enable an
enjoyable game experience, although it is not perfect according to the requirements
defined in chapter 3. The main drawback of the solution isthat it is highly specific to
the flying game.

6 Conclusionsand Future Work

From the point of view of usability, we have defined a set of technical requirements
for webcam and microphone based games for children in uncontrolled real-life
environments like homes and daycare centers. We have aso defined a set of
simplifying assumptions to meet the requirements. An example game and user



interface has then been designed and implemented based on the requirements,
assumptions and testing with end users.

Iterative usability testing was carried out during the design. According to
observations about the actions of the users, the user interface was redesigned to be
more intuitive. The tests also showed that the child users act in a spontaneous and
unpredi ctable way, which caused us to adapt a technically simplistic approach based
on low-level image and audio features. The usability tests also pointed out genera
problems related to using camera based user interfacesin a space where the user may
get out of the camera's view.

We are currently building more game and user interface prototypes and designing
new computer vision algorithms, focusing on improving the collaborative aspects
and robustness. The spatial design of perceptual user interfaces is aso a topic that
will be researched further.

The flying game described in this paper can be downloaded as an automatic
installer package from the project's homepage http: //vwww. kukakumma. net.
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