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Abstract

This paper presents a novel framework for combining Mi-
crosoft Kinect device (Kinect) and Leap Motion sensor
with Java Monkey Engine and utilizing it for natural hu-
man computer interaction. The framework supports the
standard input devices (keyboard, mouse) as well as se-
lected motion tracking sensors Microsoft Kinect, Leap
Motion). To demonstrate its aplicability, the framework
was subsequently used for creating the demonstration ap-
plication called Labyrinth. This application was designed
according to the current requirements of psychologists
from the Department of Psychology at the Faculty of Arts,
Masaryk University, with respect to children with specific
disorders, such as ADHD (Attention Deficit Hyperactivity
Disorder). Similar kinds of applications are widely uti-
lized by psychologists for observing and evaluating their
impact on various groups of patients.

To make the application more realistic, our framework
integrates the stereo projection and the jBullet physics li-
brary for simulation of the gravitational force applied to
the scene. The resulting application forms a comprehensi-
ble basis for future applications based on this framework.

Keywords:  virtual environment, human-computer in-
teraction, jBullet, physical simulation, Microsoft Kinect,
Leap Motion, motion tracking

1 Introduction

The expansion of modern technologies in the last decades
introduced the virtual environment and motion tracking to
the broader community of users. Moreover, these users
currently come from diverse fields, such as flight industry,
robotics, art or medicine. In the latter case, many appli-
cations utilizing interactive environments were created to
help both doctors during the medical intervention [2] [16]
and patients during the recovery process. Another very in-
teresting and important area is the usage of motion track-
ing in the process of the treatment and therapy for children
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with various disorders, such as Attention Deficit Hyperac-
tivity Disorder or Oppositional Defiant Disorder.

Attention Deficit Hyperactivity Disorder (ADHD) is a
psychiatric disorder of the neurodevelopmental type in
which there are significant problems of attention, hyperac-
tivity, or acting impulsively that are not appropriate for the
person’s age [3]. Oppositional Defiant Disorder (ODD) is
described as an ongoing pattern of anger-guided disobedi-
ence, hostility, and defiant behavior toward authority fig-
ures that goes beyond the bounds of normal childhood be-
havior. Children suffering from this disorder may appear
stubborn and often angry [10].

Studies concentrating on the influence of playing video
games to different groups of users consistently show that
this activity improves the hand-eye coordination and in-
creases humans visuospatial skills. This increase of brain
activity is tied not only to playing games but also to sev-
eral other real-world scenarios. When the brain encounters
new visual and auditory stimulation, or new and different
way of processing information, it can influence the brain
in the most remarkable ways [1]. This improvement may
naturally mark in the person’s behavior and then be incor-
porated into the daily life [6].

The goal of this paper was to create the environment
which is straightforward to use and allows designing in-
teractive games for children with specific needs in easy
way. The resulting framework uses modern features and
devices in virtual environments, enables full body interac-
tion and can display the output using the stereoscopic pro-
jection. Moreover, the new system integrates the simula-
tion of physical forces which supports the plausibility and
perception of real environment of the implemented games.
Although the Microsoft Kinect used for motion tracking is
primarily designed for Microsoft Windows operating sys-
tem, our framework is platform independent as it uses Java
programming language and open source libraries for com-
munication with the Kinect device. For user convenience,
the detection of gestures for both hands was added.

The idea behind this project is to provide children with
smaller tasks in a form of a mini-games. Children are then
asked to keep playing and repeat the game to be able to
achieve mastery. The system supports basic logging thus
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the psychologists can subsequently evaluate if there is any
observable impact or improvement, for example that the
child can stay focused on one activity much longer than
before, etc.

For demonstration purposes we implemented a small
game called Labyrinth (see Figure 5). It basically aims
to strengthen the hand-eye coordination. In terms of prac-
tical application, this can help to improve real world skills,
such as handwriting or any other activity requiring the fine
motor activity. In the past, it was proved by various studies
that children with ADHD have had difficulties with vari-
ous hand-eye coordination skills [9]. When practicing, the
brain can learn how to focus on what the hand is doing.
With the repeated play, the brain can become more accu-
rate and more aware of the focus required for complete
control of the body.

The Labyrinth playing field is formed by the
rectangular-shaped maze (see Figure 1). Player can tilt the
board and therefore indirectly control the movement of the
metal-like ball located inside. The maze board contains
holes (so the ball can fall through) and obstacles defin-
ing the inner layout of the maze. The goal is to guide
the ball through the maze to the finish hole while avoid-
ing any other holes in the fastest possible time. There are
multiple levels predesigned with difficulty ranging from
very easy to hard. For evaluation purposes, selected values
are logged. For example, the runtime of the application,
the duration of each game, the idle time at the beginning
(when the user sees the maze for the first time and has to
make the decision about the route) and idle time at cross-
roads.

il X%

Figure 1: Example of the playing field in Labyrinth appli-
cation.

2 Related Work

Many studies have been done in last years to support the
hypothesis that the daily use of brain games can help to
strengthen the focusing ability and the executive function-
ing in adolescents with ADHD. Wegrzyn et al. [18] con-
firmed the positive impact on participants playing Nin-
tendo DS game Brain Age twenty minutes per day for five

weeks. Hashemian and Gotsis [7] created series of mini-
games, each one focused on a specific strength or weak-
ness prevalent in children with ADHD. The project uses
Microsoft Kinect for a full body motion tracking.

Virtual reality (VR) is an emerging technology with a
variety of potential benefits for many aspects of rehabili-
tation assessment, treatment, and research. Schultheis and
Rizzo [15] focused on examining the specific benefits VR
offers to consumers and providers of rehabilitation ser-
vices. They also discuss the potential areas of application
and important considerations in applying the VR technol-
ogy. Strickland [17] concentrated in her study on using
VR as a learning aid with an immersive headset system.
Finally, Parsons et al. [14] made a controlled clinical com-
parsion of attention performance of children with ADHD
in a VR classroom. These children exhibited more omis-
sion errors, commission errors, and overall body move-
ment than normal control children in the VR classroom.

Virtual environment enables to utilize new interaction
techniques mainly via spatial input tracking and stereo-
scopic rendering. From the technical point of view, var-
ious virtual reality systems were created which can be ex-
ploited by serious games. The VRECKO framework for
virtual reality [5] supports several kinds of stereoscopic
projection and is able to process data from various input
devices. Except for the traditional devices, such as mouse
and keyboard, the OptiTrack system can be used, enabling
to capture the position of objects in space, 3D mouse, Nin-
tendo Wii Remote and Microsoft Kinect.

3 System Overview

In this section we briefly describe the utilization of Java
Monkey Engine for our purpose. Then the motion track-
ing devices used in our solution are introduced. Finally
we will concentrate on the technical solution of devices
integration.

3.1 Java Monkey Engine

In order to utilize the most of already implemented and
tested features, our new framework was integrated into
the Java Monkey Engine 3.0 JME) [8]. JME is free,
open source game engine, programmed entirely in Java,
intended for wide accessibility and quick deployment. It
is the high level programming engine using the underly-
ing toolkit and graphics library for low level tasks, such
as rendering 3D primitives, texturing, scene culling, etc.
JME itself does not integrate any motion tracking device.
We have chosen to implement the support for Microsoft
Kinect and Leap Motion sensors.

3.2 Devices

Microsoft Kinect is a full body motion tracking device.
By using a RGB camera and a four-element, linear micro-
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phone array it can record both video and audio streams.
The depth sensor transmits invisible near-infrared light
and measures its “time of flight” after it reflects off the ob-
jects. Knowing how long the light takes to return, Kinect
can calculate how far away an object is. As a result, an
accurate depth map of the scanned area is created.

Leap Motion allows accurate movement tracking of
hands, fingers or other rigid objects (for example a pen)
working on a very similar principle as Microsoft Kinect.
Using two monochromatic IR cameras and three infrared
LEDs, the device observes a roughly hemispherical area,
to the distance of about 1 meter. The LEDs generate a 3D
pattern of dots of IR light which is reflected from the ob-
jects placed in the scanned area and then captured by IR
cameras.

3.3 Kinect — OpenNI Framework

The OpenNI organization [13] is an industry-led, non-
profit organization, formed to certify and promote the
compatibility and interoperability of Natural Interaction
devices, applications and middleware. The organization
has made an open source multi-language, cross-platform
framework available — the OpenNI framework — which
provides an application programming interface (API) for
writing applications utilizing natural interaction.

The main purpose of OpenNI is to form a standard API
that enables communication with both physical devices
(audio, video and depth sensors) and middleware compo-
nents, which further process the input data. In this project,
NiTE 1.3.1 Middleware was used (see Figure 2).
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Figure 2: A three-layered view of the OpenNI concept
(taken from [13]).

3.4 Kinect — NiTE Middleware

NiTE Middleware [11] was based on the concept including
two base paradigms: Point Control and Full Body Control.

When Point Control is used, only one point (typically a
hand) is being tracked and NiTE gestures for this point
are recognized. There are three possible states for Point
Control:

e Notin Session: In this state, there is no active session,
hence the system is in a mode of scanning the scene to
detect a “focus gesture” (for example, waving). Once
this gesture is recognized, the state changes to In Ses-
sion.

e In Session: In this state, there is a hand that is cur-
rently in control and being tracked by the system.

e Quick Refocus: This is an intermediate state, in
which, while in session, the hand point is lost. We
don’t want to stop the session yet, but rather give
a grace time period in which the session can be re-
sumed with a different (perhaps shorter or easier)
hand gesture (referred as Quick Refocus Gesture).
While in Quick Refocus state, the session can also be
resumed using the regular focus gesture. Once the
grace period has timed out, the state changes to Not
in Session. The Quick Refocus state is optional.

When Full Body Control is active, the whole body is
being tracked. The player’s skeleton data is extracted
from the depth map and handed over for further process-
ing. Therefore, the application receives information about
position and rotation of up to 16 joints, together forming
user’s full-body skeleton.

In our framework, both controls were utilized. Based on
the user experience, the focus gesture was set to waving
user’s hand, whereas the quick refocus gesture is defined
as raising the hand. Unlike Point Control, Full Body Con-
trol does not determine any states and the flow between
them. Therefore, it was necessary to define, how will the
application react on the newly detected user in the scene.
In order to start skeleton tracking, it is often required to
strike a Psi pose (standing in front of the camera and hold-
ing arms up). NiTE Middleware can also be requested to
perform a skeleton calibration right after new user is de-
tected in the scene. If the calibration is successful, the
tracking is started (see Figure 3).

Also, initializing Kinect and accessing the events from
OpenNI framework is rather complicated. To make this
process easier and to achieve full integration with the JME,
the Kinect input was programmed to be handled by JME
as a standard input (the similar way as for example a joy-
stick). The initialization process is done automatically
when the application is started. If not successful (the de-
vice is missing or the drivers are not installed), the appli-
cation can still be controlled by standard input devices or
by Leap Motion.

In order to make the tracking-related information eas-
ily accessible, new structures representing tracked joints
and the whole skeleton were created. The application can
ask any time for the tracked skeletons and position of their
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Figure 3: The procedure for new user detection in the
scene.

joints. The framework also provides an interface for ac-
cess to all the important OpenNI and NiTE components
(for example VGA and depth image generators), and also
to all NiTE middleware events.

3.5 Kinect — Gestures Detection

NiTE defines a set of basic gestures recognized for active
hand in Point Control tracking. If we want to use the point
tracking for controlling the selector (i.e., mouse cursor),
the same hand would have to manage all the gestures as
well. In our framework, we wanted to have the possibility
to use both hands for controlling the application. Daria
Nitescu [12] mentions several strategies to accomplish the
select and click action. Based on our experience, selecting
the item with one hand and clicking with the other hand
is convenient and user friendly. This action however can-
not be accomplished using the NiTE gesture recognition
ability.

In order to provide as much freedom as possible when
controlling the application, we defined a new set of cus-
tom gestures. The input data is taken from Full Body Con-
trol, which allows us to define our gestures on any limb we
choose, overcoming the limitation of NiTE. Gesture man-
ager handles all registered detectors. Whenever the input
data is updated, the arm gestures detector checks if any
of the defined gestures was performed and fires respec-
tive events accordingly. Let us explain how the gesture
Arm Forwards (analogue of NiTE’s Push gesture) works.
The arm gesture detector retrieves the current position of

the joints representing the user’s shoulder and hand and
checks if the position is valid (i.e., NiTE can recognize the
joints location in the depth map). The distance between
the two joints must exceed a predefined value in depth in
order to activate the gesture (see Figure 4). Once the user
pushed in depth sufficiently enough, he or she has to re-
lease the hand. The depth value can be set manually or
estimated based on the user’s height.

If necessary, we could register for example leg gestures
detector (with a set of relevant gestures defined) in a simi-
lar way.

distance

GESTURE
DISABLED

shoulder hand

GESTURE
ENABLED
O
%

elbow

Figure 4: Schematic representation of Arm Forwards ges-
ture detection.

3.6 Leap Motion

For Leap Motion integration, the official SDK was used.
The whole process is rather straightforward compared to
the Kinect integration. When the Controller object is cre-
ated, it connects to the Leap Motion software running
on the computer and makes hand tracking data available
through the Frame objects. Each computed frame con-
tains information about recognized hands and fingers of
a particular hand, finger tips position, recognized ges-
tures, hand’s sphere radius, normal vector and direction
and palm absolute position. The pitch, roll, and yaw can
be computed from the hand’s direction vector. All the in-
formation is available to the application through the Con-
troller interface.

3.7 Physical Simulation

Our framework utilizes the jBullet, Java port of Bullet
Physics Engine [4]. The jBullet is implemented into the
JME as one of the application states. Therefore, it can
be paused (resulting in freezing physical simulations) or
resumed as needed. The main features of jBullet in-
clude: discrete and continuous collision detection, swept
collision queries, ray casting with custom collision filter-
ing, support for generic convex and non-convex triangle
meshes.
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3.8 Stereo Projection

JME was primarily designed for displaying monocular
image. By modifying some core classes we were able to
create side-by-side stereoscopic projection. It was neces-
sary to position two views with separate cameras into the
main window. Hardware cursor provided by the operat-
ing system cannot be duplicated, therefore it was replaced
with two software cursors displayed in both views. The
position of software cursors is calculated from the posi-
tion of the hardware cursor to match the stereo projection
accordingly. Also the GUI rendering was modified to ap-
pear in both views.

The two images representing the GUI projection are not
mutually shifted in x-axis so they do not create the spa-
tiality effect. However, the shift of the scene images is
customizable, which directly determines the parallax type
and the depth of the stereoscopic 3D effect.

4 Labyrinth Application

The objective of the sample mini-game in this project is
to demand focused attention while players use various
hand moves and body gestures to control the application.
This process aims to teach children to pay attention for
longer periods of time. The game can be fully controlled
by implemented motion tracking devices, either Kinect or
Leap Motion. When Kinect is used, the cursor move-
ment and tilting of the maze is controlled by user’s right
hand while the custom-defined gestures (Subsection 3.5)
are performed by left hand (see Figure 5). In the case of
Leap Motion being used, only one hand is necessary for
performing the actions mentioned above. To achieve the
realistic behavior, jBullet was used for controlling the ball
movement. The side-by-side stereo projection is also sup-
ported.

4.1 Events Logging

One of the main requirements from psychologists was log-
ging of the important events in the application. The logged
values are:

e Application runtime: Indicates, how much time the
user spent with practicing on the daily basis.

e Duration of each game: Used for comparing of the
progress.

e Time spent in the decision areas: Each maze contains
the defined “decision areas” — the starting area in the
maze and forks where the path splits. For each deci-
sion area the idle time spent in it is logged (see Figure
6).

e Ball falling through a hole: In both cases of ball
falling either into the finish or any other hole, the time
of the event and the ball position is logged.

Figure 6: Example of a maze with decision areas high-
lighted (green - the starting area, blue - the fork).

5 Discussion

We believe that our proposed system along with the logged
data will help to gain the novel insights for the psycholo-
gists. However, the evaluation of the system as well as the
Labyrinth mini-game is currently in an early stage, as this
preliminary version is standing at the very beginning of a
long-term research project. The definitions of events for
logging were provided by psychologists and correspond to
the events which are normally observed during personal
sessions with psychologists. In comparison with this tra-
ditional approach, our automated logging system has one
considerable advantage. It removes the posibility that the
conclusions made from observations are influenced by the
subjective view and experience of the psychologist.

6 Conclusion

In this paper we described the novel framework enabling
the integration of Kinect and Leap Motion sensors with
Java Monkey Engine. The main aim of the framework
was to provide the users with an easy way to develop var-
ious applications. The aplicability was demonstrated on
the Labyrinth mini-game which was designed with respect
to children with specific needs. As this mini-game should
also serve for further evaluation of the hand-eye coordina-
tion and the ability of the player to focus, the event log-
ging system was implemented and integrated. This helps
the psychologists to measure and easily compare the im-
provements.

In the future, the framework could also support the
recording of audio and video stream captured by Microsoft
Kinect and possibly analyzing these streams to reveal spe-
cific patterns in user behavior specified by the psycholo-
gists.
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Figure 5: Application controlled by Microsoft Kinect. The depth map and GUI are displayed. The red cross represents
the tracked point (right hand), the tracked person is highlighted. The left hand performs the Arm Forwards gesture.
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