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Abstract. Recent advances in sensor technology has made technology
support for sports and physical exercise commonplace. Sports played
along with mobile devices or robots are actively studied; however, most
of these systems utilize only one device or robot. Iterative prototyping
with several devices requires incurs additional costs for gathering test
players or conducting field tests. We have proposed hybrid prototyping
using both virtual and miniature spaces for prototyping spatial interac-
tive systems to cope with problems similar to those. This paper discusses
a prototyping trial for a soccer training system using physical and virtual
mobile cone robots. We propose a new form of hybrid prototyping that
unifies game, simulation, and visualization.
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1 Introduction

Within the field of human-computer interaction (HCI), there is a trend towards
placing the human body at the center of the digital sports experience[1]. Mo-
tion sensing has become popular owing to advances in sensor and interactive
technologies and presents new opportunities for supporting sports and physi-
cal exercise. Sports played with wearable sensors, mobile embedded devices, or
robots are actively studied. Examples of digital sports utilizing robots include
a flying robot accompanying joggers[2], a buddy robot following and presenting
information to a swimmer[3], or a drone enabling novel sports broadcasts[4].

Most of these systems utilize only one robot and are for individual sports.
To control team sports robots, their individual motion rules must be known.
Each robot is expected to act naturally with responding to human players, other
robots, and the environment. A developer needs to describe rules and their pa-
rameters, which are tuned through trial and error, however, since human player’s
behavior is sometimes based on instinct that does not conform to obvious rules,
it is hard to describe appropriate rules and parameters for robots. One reason for
using only one robot is that designing digital team sports with several robots or
sensors increases the elements of the system and complicates prototyping. An-
other reason is that iterative prototyping of digital team sports incurs additional
costs for gathering test players and conducting field tests with several robots.
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Problems similar to those described above also occur in the prototyping of in-
teractive system in public places. We propose to use both virtual and miniature
simulations[5,6]. In this paper, we describe our hybrid prototyping process for a
digital sports system that uses physical and virtual mobile cone robots. More-
over, we propose a new type of hybrid prototyping that unifies game, simulation,
and visualization.

2 Prototyping of Mobile Cone Robot System

Soccer is the world’s most popular sport, and players attempt to create goal
opportunities by dribbling or passing the ball to another teammate and by taking
shots at the goalmouth, which is guarded by the opposing goalkeeper or defender.
Plastic cones are frequently used as virtual and motionless defenders and are
used especially when practicing dribbling. An interactive system that consists of
mobile cone robots will bring about a new experience of individual skill practice;
thus, we develop a mobile cone robot based on Omni-wheel in this research.

2.1 Physical Prototyping

The mobile cone robot consists of a plastic cone and an Arduino based wheel
robot. The robot receives commands from a PC via a wireless radio frequency
(RF) module, XBee1 . The PC, connected with a Microsoft Kinect sensor, tracks
the cone using the ARToolkit marker2, the soccer ball using color tracking, and
the player using the OpenNI library3. This system is built using Processing4

(Figure 1).

Fig. 1. Physical prototype ver.1

1 http://www.digi.com/xbee/
2 http://www.hitl.washington.edu/artoolkit/
3 http://www.openni.org
4 http://processing.org

http://www.digi.com/xbee/
http://www.hitl.washington.edu/artoolkit/
http://www.openni.org
http://processing.org
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In the first physical prototype, to represent a simple defender the robot is
maintained at the middle position of the Kinect sensor and the player. In this
system, the robot moves in six directions without rotation so that the maker can
be easily tracked. The system sends a command to move in a direction closest to
the middle position. Playing soccer with this robot was fun; however, it was too
simple and its moving speed was insufficient as a defender. Thus, we developed
another system to simulate playing with several mobile cones.

2.2 Virtual Prototyping

To build a simulator for several mobile cones, we utilized a physics engine,
PBox2D5, within Processing(Figure 2). We restricted the movement of the ball
to be on a 2D plane in order to simplify our simulation, and we utilized the 2D
rigid body simulation library.

Fig. 2. Elements within the simulation of our digital sports system

Elements of the simulation include mobile cones, a ball, a goalmouth, a
player’s foot, and walls. Although they are drawn as 3D objects, they are defined
as 2D rigid objects such as circles or rectangles. A spring is connected between
the foot and the location of the mouse. One end of the spring follows the mouse
location. Dragging or clicking the mouse moves the end of the spring. When the
foot touches the ball, the player dribbles the ball and shoots a goal. The desir-
able positions of mobile cones are calculated beneath the player’s position, ball,
and goalmouth. Springs are connected between current and desirable positions
of mobile cones; they along with the physics engine update the mobile cones’
positions.

There are several methods to calculate the desirable positions of a mobile
cone, even in a simulation using only one mobile cone. We implemented and
compared the following methods: (1-1): the middle point of the ball and the

5 http://box2d.org

http://box2d.org
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Fig. 3. Playing with two mobile cones

goalmouth; (1-2): the middle point of the foot and the goalmouth; and (1-3): the
middle point of the mouse and the goalmouth.

With virtual prototyping, it is easy to increase the number of robots and com-
pare algorithms used to move several robots. For playing with two mobile cones,
we implemented the following two methods: (2-1): one cone moved according
to (1-1) and the other according to (1-2) (Figure 3 left); and (2-2): one moved
according to (1-2) but was slightly shifted to the near side, and the other was in
front of the goalmouth but slightly shifted to the far side6 (Figure 3 right).

Fig. 4. Playing with three mobile cones

For playing with three mobile cones, we implemented the following two meth-
ods: (3-1: the first moved according to (1-1), the second according to (1-2), and
the third according to (1-3) (Figure 4 left); and (3-2: two cones moved according
to (2-2) and the third was positioned halfway between the first two but slightly
shifted to the far side (Figure 4 right).

6 When the player is on the left side of the goalmouth, the near side is the left side and
the far side is the right side. When the player is on the right side of the goalmouth,
the near side is the right side and the far side is the left side.
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3 Studying Rules and Parameters

In order to make our virtual prototype similar to our physical prototype, it was
necessary to adjust some of the parameters in the digital world. Initially, we
studied physics engine parameters.

We adjusted the coefficient of restitution of the ball. When this value is close to
one, the ball bounces too much making it more difficult to dribble the ball. When
the spring constant of the spring between the desirable and current position of
the mobile cone is small, the speed of the mobile cone becomes slow. On the
other hand, when it is large, the mobile cone’s speed increases making it difficult
to shoot a goal. In the physical prototyping described above, the robot moves in
six directions. In the simulation, the mobile cones move in any direction. Thus,
we limited the movement of the mobile cones to six and twelve directions. This
limit had no effect on the difficulty of dribbling the ball or making a goal.

Changing the system’s degree of difficulty in the physical space results in
effective practice, whereas changing it in the virtual space brings out the nature
of the game in the simulation. In order to add game elements into our simulation,
we implemented a dynamic view camera that chased the ball, and set virtual
gravity to the physics engine that kept the ball away from the goalmouth (Figure
5).

In updating the simulation, we arrived at the following hypothesis: Intention-
ally expanding a simulation from hybrid prototyping into a game helps one study
the virtual space parameters that should be tuned in order to perform a realistic
simulation.

Fig. 5. A mode of the 3D space camera chasing the ball

On the other hand, simulation should be closer to the physical system visu-
alization than to the game. For debugging purposes, we implemented a visu-
alization of the physical system, thus updating the design to be closer to the
simulation (Figure 6). However, it remains to be shown how close the operation
of the physical system and the simulation actually are. In order to effectively
study and tune simulation parameters, it would be helpful to import moving
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Fig. 6. Visualization for debugging the physical prototype

Fig. 7. Importing trajectory files into the simulator

trajectory data from the physical system to the simulator. In our current im-
plementation, the physical system stores the depth and RGB video stream from
the Kinect sensor as a recorded ONI file and the trajectory data of the mobile
cone robot as a CSV file (Figure 7). The simulator imports these two files, and
let the virtual mobile cone according to the tracked user’s skeleton. This leads
to a comparison of the movement of the virtual mobile cone and the real mobile
cone.

4 Discussion

A multi-agent system of virtual soccer players has been actively studied at the
international robotics competition, RoboCup7. Ishimura proposed a robot simu-
lator for RoboCup in order to reduce the cost of robot strategy programming[7].
Ishimura’s robot simulator unified virtual and real robots and enabled both robots
to move simultaneously in the simulator. We proposed hybrid prototyping using
both virtual and miniature simulation[5,6]. Carrying out a simulation in both vir-
tual and miniature space enables one to obtain revised points of codes and tune

7 http://www.robocup.org

http://www.robocup.org
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Fig. 8. Anew type of hybrid prototyping that unifies game, simulation, and visualization

the parameters. Such improvements make the developed system more robust and
flexible and ensure that the system is smoothly deployed in the real world.

In this paper, we propose another style of hybrid prototyping that concur-
rently develops game, simulation and visualization (Figure 8). In developing a
complex system that consists of mechanics, electronics, and image processing, it
is useful to develop a simulator to divide and conquer. Melgar and Diez intro-
duced such a prototyping process using simulation and visualization for develop-
ing a robot controlled with using Kinect [8]. They introduced several parameters
into the simulation code to move the physical robot; however, they did not men-
tion how to find and tune these parameters. Through the prototyping described
above, we arrived at the following hypothesis: Intentionally expanding a simu-
lation into a game helps one study the virtual space parameters that should be
tuned in order to perform a realistic simulation. Admittedly, we described only
one of our cases; nonetheless, we suggest that developing a game different from
the real world, as a branch from a simulation, may bring about an opportunity
to think about the constraints in the physical space on the contrary (arrow (2)
in Figure 8). There are many digital games based on sports, and it seems natural
to develop digital sports systems and digital games concurrently. Furthermore,
there is also potential to think of new ideas of imaginary reality games that
mimic real world sports but leave behind elements of the actual games [9].

Sensors attached to sports instruments or wearable sensors has become pop-
ular, and it is common to visualize data from such sensors in a tablet PC or
Smartphone. Thus, a developer of a digital sports system that plays with mobile
robots also visualizes data from sensors. Model-based development based on sim-
ulations is also popular in robot programming. It would be reasonable to design
a comprehensive digital sports system in which a simulator and visualization
system can import data (arrow (1) in Figure 8).
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In order to develop digital team sports system, it is necessary to describe
many rules and tune parameters. The more human players and robotic players
play together, the more complicated rules must be described. Ohsita proposed a
method to learn motion rules from log in order to design non-player characters
in a football game [10]. Several human-players controlled virtual-players respec-
tively in a football game. The motion rules are learned from the control logs
with a support vector machine equipped with a layered mechanism and adap-
tive parameters. In our study, the virtual sports system as a game was developed
concurrently with a physical digital sports system. It will bring a merit to take
logs under various conditions for developing physical digital sports characters
(arrow (3) in Figure 8).

Role of prototypes is well established in the field of HCI and design, and re-
searchers have attempted to identify different types of prototypes such as low- vs
high-fidelity prototypes [11,12]. In our study, the physical prototype, the simu-
lation and the game are high-fidelity prototype respectively. Lim et al. proposed
an anatomy of prototypes in their generative role and two key dimensions: proto-
types as filters and prototypes as manifestations, and pointed out the material,
resolution and scope of a prototype as considerations of manifesting a design
idea [13]. In our hybrid prototyping, between the game and the simulation, the
materials are equal but the scopes are different. Between the simulation and the
visualization of physical prototype, the scopes are equal but the materials are
different. These equality and difference would work as filters and manifestations
for prototyping.

5 Conclusion and Future Work

In this paper, we described our hybrid prototyping process for a digital sports
system, and proposed a new style of hybrid prototyping for digital sports system.
Developing a physical system, a data visualization system and a digital game
concurrently is matter of cost. However, designing them as a system of systems
will bring a new type of ecosystem in digital sports.

Our mobile cone system is still under development. In the future, we plan to
add a mobile robot as a second defender. We also plan to reflect our results of
examination on the determination of the robot’s specifications and moving rules.
Furthermore, we plan to develop another digital sports system in order to study
the pros and cons of the hybrid prototype proposed in this paper.
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