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Figure 1: ARPong game play.

Abstract

This paper describes the ARPong, a Pong game with aug-
mented reality interaction. It is proposed a method of paddle
control using a simple webcam and markerless motion cap-
ture based on optical flow. Three algorithms are described to
achieve better playability according to the environment, with
no need of calibrating process.
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1 Introduction

The human-computer interface is one of the key points on
virtual reality design that aims to make applications more im-
mersive through an intuitive interaction, specially on games.

There have been recent efforts on game industry to pro-
duce realistic interaction, such as the Nintendo® Wii
Remote Controller™, the PlayStati0n3® Move™, the
PlayStationS® Eye™, and the Microsoft® Kinect™.

The well known Nintendo® Wii Remote Controller™and
the PlayStation3® Move™are hand-held devices developed
to track the player’s movements using accelerometers, gy-
roscopes, magnetometer and other sensors. While intuitive
on some applications, e.g. sword swinging, tennis or boxing
games, these tools are limited to track hand-based moves,
and other gadgets are needed to track other parts of the
player’s body. It is important to mention that video cameras
are also used to capture the motion and improve the tracking
of the hand-held devices.

The PlayStation3® Eye™and the Microsoft® Kinect™, on
the other hand, use only computer vision in conjunction with
one or more cameras to track the player’s movements. These
tools do not introduce any special apparatus to the player’s
body, letting him/her free to use his/her whole body to inter-
act with the application.
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Although useful for enhancing immersion, these devices
may be too expensive for a common user. Moreover, the un-
derlying companies may not provide software development
kits for third party games at low cost.

This work proposes a motion tracker using only a single we-
bcam, easy to use and set up, with no need of markers or
camera calibration. This is performed by changing the per-
spective of motion capture, where the software detects and
recognizes the player, to a perspective where the user is re-
sponsible for reaching and modifying virtual elements.

The proposed method can be used in the rapid development
of interactive games. In this work, an augmented reality ver-
sion of the well known Pong game [Kent 2001] was devel-
oped to analyze and validate the proposed technique. In the
ARPong game, the players use their own hands to control the
paddles, while the ball is physically controlled by a physics
engine.

This work is organized as follows. Section 2 reports some
work related with human-computer game interface and com-
puter vision. Section 3 presents the ARPong game and Sec-
tion 4 describes the proposed techniques. Section 5 depicts
the conclusion and outlines some future work.

2 Related Work

[Hoysniemi et al. 2005] made a study about how intuitive
gesture increases immersion in children’s games. They em-
phasize that “intuitiveness and physical appropriateness [.. . ]
play a central role in providing a pleasant playing experi-
ence”. They used the Wizard of Oz technique to identify the
children’s natural gestures in order to design a better game.

[Tse et al. 2007] also identified the need of intuitive inter-
action and used a touch-screen tabletop device and speech
recognition in strategy and simulation games. Their basic
idea is to replace the traditional mouse and keyboard devices
for direct game scenario tapping, gestures and speaking com-
mands in order to improve the immersiveness.

[Figueiredo et al. 2009] proposed a framework for hand-
position recognition. Their work identifies hands through
the recognition of color groups. Specifically, the user needs
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to wear yellow gloves, as a colored marker, which usually
are the largest objects with that color in the two-dimensional
image captured by a webcam. They developed a guitar game
to test their framework.

[Bernardes et al. 2009] proposed a technique of hand gesture
identification based on skin color that could be used in game
interface design. Their calibration step used 120 pictures of
hands in different postures as input data to recognition al-
gorithms. Each of those postures is mapped to a different
function in an application.

[Laakso and Laakso 2006] suggest a multiplayer game sys-
tem that uses a top-view camera to recognize body move-
ments and gestures. The system needs a relatively large and
clear area, since the body movements and gestures of several
players had to be captured at the same time. They used a
wall to project the gameplay. They concluded that coopera-
tion, simplicity, intuitiveness, scalability and robustness are
essential to a body-driven game design.

In order to avoid the need of a clear background, the work of
[Sun et al. 2006] proposes a technique for background cut.
Even though designed for general-purpose applications, their
work can be applied to enhance the recognition of desired
elements on the tracking procedure. Although that technique
needs the background image on a calibration step, it is still
robust enough to some background changes.

To achieve their specific goals, the works described in this
section need special apparatuses, advanced devices, markers,
calibration steps, predefined gestures or complex assembly.
This work proposes a simple, cheap, markerless, and easy to
set up technique for game interaction, using only a webcam
and a desktop computer.

3 Game Description

The classic Pong game is a simplified electronic two-
dimensional version of a tennis game. There are two paddles,
each one controlled by an user, who has to defend his/her
side of the scenario, racketing a ball to the opponent’s side.
In the original game, the paddles only move in the vertical
direction by means of a joystick.

The version of Pong described in this work, called ARPong,
is an augmented reality game where the paddles and the ball
are inserted in the real world. A user controls a paddle us-
ing his/her own hand, moving it through his/her side of the
scenario in both vertical and horizontal directions. The back-
ground of the game is the captured image, so that the players
are able to locate the virtual elements in the real world (Fig-
ure 1).

To improve the immersion feeling, the ball is physically con-
trolled so that reflection angles and speed are defined by the
force and direction the user hits the ball.

4 Proposed Techniques

The basic idea of this work is to invert the motion capture
perspective, which tries to detect a player and recognize
his/her body parts, to a paradigm where the player is respon-
sible for reaching and moving the virtual elements. In the
ARPong game, the paddle is not placed in an user’s hand,
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he/she has to grab it, which in turn starts to respond to his/her
movements.

This is achieved by an optical flow technique, known as the
Lucas-Kanade algorithm [Lucas and Kanade 1981]. Optical
flow techniques detect directions of movements in videos,
analyzing two consecutive frame images. The ARPong game
uses a pyramidal Lucas-Kanade algorithm [Bouguet 2000],
which provides tracking in a specified region of the image.

The tracking is performed by attaching one point to the cen-
ter of each paddle. A point is then moved in the direction of
the optical flow caused by the hand movement in that region
(Figure 2).
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Figure 2: User reaching and moving a paddle.

Some issues have to be addressed in the development of im-
age capture applications, such as the ARPong. The first one
is the background, which can be too complex. The second
is the captured image, which can be too noisy depending on
the camera quality and the illumination.

These problems can confuse the optical flow calculation.
Therefore, some prior image processing needs to be per-
formed. Since only relatively wide actions need to be
tracked, colors are not important and noises might generate
minor undesirable movements. Thus, the first processing is
the black and white image conversion along with a Gaussian
filter.

That does not solve the whole problem, and three intermedi-
ate image processing algorithms were developed, each one
fitting better a specific situation of the real environment:
Threshold-Diff, Diff-Threshold and Borders.

4.1 Threshold-Diff

The general idea of this algorithm is to identify the objects in
the image and to extract the ones that are not moving, which
are considered background. That can be achieved by apply-
ing a threshold and an absolute difference between frames.

The threshold algorithm is responsible for highlighting the
objects by matching shades that are alike. Furthermore, it
enhances the contrast of objects with different tones. The
tones under a threshold value are turned into 0, whereas tones
above it are turned into 255.

The absolute difference algorithm extracts the stationary ob-
jects, since they are present in the previous and in the current
image frames. The result of this processing is shown in Fig-
ure 3.

This algorithm is the most robust in attaching the paddle to
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Figure 3: Threshold-Diff algorithm.

the hand since it is sensible to moves, but it is also the most
affected by noise and, consequently, by undesired move-
ments. Therefore, the Threshold-Diff method is more ap-
propriate to clean backgrounds.

4.2 Diff-Threshold

The previous algorithm has the disadvantage of detecting
undesired minor movements, as can be seen in Figure 3.
The Diff-Threshold algorithm inverts the order of operations,
with the aim of removing noise in pixels whose absolute
value of their difference is smaller than the threshold value.

In the Threshold-Diff algorithm, since the threshold algo-
rithm is applied first, small variations values in the same
pixel around the threshold value are amplified, and detected
as movements when the absolute difference is applied.

By first applying the absolute difference in consecutive
frames, only the variation between two values of the same
pixel is considered. Thus, the subsequent application of
a threshold algorithm removes variations smaller than the
threshold value. As a consequence, only wide movements
are detected (Figure 4).

Figure 4: Diff-Threshold algorithm.

Despite its qualities, the Diff-Threshold algorithm can dis-
card small desired movements, causing the hand tracking to
be lost. This can lead to bad positioning of the paddles on
screen when the player stays immobile and suddenly starts
to move his/her hand again.

Figure 5: “Broken” hand and bad paddle attaching on the
Diff-Threshold algorithm.
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4.3 Borders

The absolute difference based algorithms may present prob-
lems with backgrounds having elements whose grayscale
tone is close to the grayscale hand tone. Due to this, the
hand can appear “broken” after the image processing, lead-
ing to a bad hand-paddle attachment. This is more visible in
the Diff-Threshold algorithm (Figure 5).

The Borders algorithm tries to solve that problem by iden-
tifying the contours of moving objects. This algorithm uses
the Diff-Threshold algorithm to remove the background and
to detect the movements, and then tries to induce continuity
among the “broken” elements.

After applying the absolute difference and the threshold al-
gorithms, the Canny edge detection algorithm [Canny 1986]
is employed to detect the edges of the “broken” elements.
After that, the “broken” edges are dilated and their contours
are inferred by the [Suzuki and Be 1985] algorithm. The re-
sulting image of the Borders algorithm can be seen in Figure
6.

Figure 6: Borders algorithm.

This algorithm solves the “broken” hand problem, but it may
cause undesirable paddle shaking movements due to differ-
ent borders generated by a noisy image. It also inherits the
stationary hand problem of the Diff-Threshold algorithm.

Figure 7 summarizes the algorithms and the complete pro-
cess proposed in this work.
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Figure 7: Flow chart for the proposed algorithms.

5 Conclusion

5.1 General Considerations

The frame rate of the game was limited by the camera speed,
showing that the time for image processing and physical cal-
culations is actually insignificant. This limitation lets the
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game playable, but may sometimes compromise the colli-
sion detection, since the paddle can pass through the ball in
the interval between two frames.

The ARPong game was tested in a clean white wall back-
ground and in a dirty environment, both artificially illumi-
nated by fluorescent lamps. The possibility of choosing
among the three algorithms provided an adequate gameplay
in both environments.

This work showed a way to use markerless augmented re-
ality as a fast, cheap and easy to use input device in game
applications. Although applied to a specific case, the ideas
presented here can be used in the design of other genres of
games.

The ARPong performed satisfactorily, allowing interesting
and entertaining matches on all tested environments. The
minor game control problems were usually solved by testing
among the algorithms the one that best fitted the environ-
ment.

The Threshold-Diff algorithm is the one that best attaches
the paddle to the hand, and it works best for clean back-
grounds. In dirty backgrounds, the paddle may easily get
stuck in other surrounding elements, and the player has to
reach it to continue playing.

The Diff-Threshold algorithm works fine for both clean and
dirty backgrounds. However, since it identifies only wide
movements, it loses the hand tracking occasionally. There-
fore, this algorithm should be used in environments where
the Threshold-Diff did not perform correctly.

The Borders algorithm also works fine for both backgrounds
but, since it introduces contours artificially, the paddle might
shake around the player’s hand. This algorithm usually
works on environments where the Threshold-Diff algorithm
does not work and is more robust where the Diff-Threshold
algorithm is weak. As a counterpart, it generates more unde-
sirable movements, and should be used as the last choice.

Most of the problems experienced happened due to noise,
low contrast and chrominance error in the captured im-
ages. The noise causes the algorithms to identify movements
where actually there are no movements. Low contrast and
wrong hue, due to chrominance error, make objects with
close tones to be identified as the same object, causing the
algorithm to lose track of actual movements. Those issues
could be attenuated by using cameras with more adequate
Sensors.

5.2 Future Work

Despite the good results, all the three algorithms have the
limitation of not identifying a move in the direction of the
arm, since there is no border movement (grayscale tone vari-
ation) in the image. To solve this problem, more studies are
necessary in order to identify the hand by its specific pat-
terns, such as shape, color and positioning relative to the
body, and not only by environment movements

To smooth the paddle movement and reduce jumps and
shakes, an interpolation algorithm could be applied between
two direction points identified by the optical flow in con-
secutive frames. That makes the paddle moves continuous,
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enhancing its control by the player and, therefore, the im-
mersion feeling.
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