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Abstract. This work provides an insight into the basics of 3D appli-
cations in conjunction with various customer devices. In this case, the
application is a 3D planetarium of our solar system for a museum. The
aim is to create a concept for intuitive and immersive navigation through
the virtual planetarium using inexpensive Customer Devices. Visitors
should be able to move freely and easily in the solar system. Here, the
visitor should be able to focus on the simulation and not quickly lose
interest in the complex control application. For this similar approaches
and previous research are examined and a new approach is described. As
low-cost customer devices, the controller of the Nintendo Wii (Wiimote)
and current smartphones are considered in this work. A detailed analysis
of these devices is an integral part of this work. Based on the selected
devices, there are various possibilities for interaction and resulting inter-
action concepts. For each device, a concept will be developed to meet
the identified needs.

Keywords: Visualization · Immersive environments · Virtual worlds ·
Interaction devices

1 Introduction and Motivation

VR systems, customer devices and smartphones are enjoying increasing popular-
ity. They offer more opportunities for interaction due to technical development.
Customer devices have been designed for a wide range of applications [1,2]. Simi-
larities found in applications can be controlled by different devices. A multi-touch
device is suitable, for example, for the direct gesture-controlled manipulation of
visible objects. Controller game consoles, however, cover the major interaction
paradigms in game genres like EgoShooters and JumpnRun. An EgoShooter is
a game form which is controlled from the first-person perspective; usually the
player must shoot enemy monster and targets. In JumpnRun the player must
move a figure primarily by running and jumping through the course. The smart-
phone has a small multi-touch display and various sensors. Due to this situation,
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the smartphone can to a certain extent be used alternatively as a controller for
games and as well as multi-touch device. The smartphone facilitates similar to
the multi-touch device applications a virtual keyboard and can be used as a con-
troller for games thanks to the sensors. This raises the question of application
areas of customer devices. These can be divided into several classes. The two
most interesting are industrial and public areas. They differ primarily in terms
of their users. In an industrial environment it can be assumed that trained per-
sonnel work frequently with this particular device [3]. In public environments
like a museum it must be assumed that the users are one time visitors. In this
case, training would be too expensive and the use of customer devices, known
to the user from other areas of life, is an option.

In a museum, there are numerous exhibits, of which the function and mean-
ing are not immediately apparent. They can be shown easily by VR systems
allowing the viewer a better understanding [4]. Access to these exhibits could be
facilitated by a familiar interaction possibility. In the example of the planetarium
a replica needs a large space around all planets with orbits and information plas-
tically represent. The VR-based version of the exhibit only requires a sufficiently
large 3D-capable presentation medium, such as the HEyeWall. This medium also
allows visitors to move freely within the planetarium. The depth of information
and updating the content can be accomplished more easily. This type of exhibits
needs different DoF for a good navigation. As the visitor does not want to learn
how to use a new device for each exhibit, here customer devices are appropriate.
They give intuitive operation [5] on the exhibits, if one has familiarized himself
at an exhibit with the controller. For the museum operators, this results in the
advantage of low acquisition and maintenance costs [6]. Even better is the pos-
sibility in which no additional equipment must be purchased and maintained,
like a device that all visitors already have. The smartphone features for this sce-
nario by some sensors, a multi-touch display and several communication options
(Bluetooth, WLAN, etc.).

In this work, the use of customer devices as remote controller is developed
using the example of a virtual planetarium. The system is presented via a room-
sized projection. The controller has been guided by a combination of mouse and
keyboard in the first version, and a simple touch system. It will now be controlled
by smartphone or a Wii Remote. As a result, users are more involved and an
immersive interaction through motion detection is designed.

2 Interaction Concepts for the Planetarium

The “Interactive Planetarium” is an interactive presentation and information
medium of our solar system. It is used in combination with a HEyeWall 2.0,
mouse and keyboard. In this project we use X3D and JavaScript. X3D is an
XML-based 3D description language, describing the appearance and behavior of
each object in the room. JavaScript is used to calculate the position of the body
in space and allows advanced user interaction. The 3D visualization platform
in this project is the HEyeWall 2.0 of the Fraunhofer Institute for Computer
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Graphics (IGD) in Darmstadt. The HEyeWall has a resolution corresponding to
the human eye, so scenes can be represented very realistically and in detail. The
high resolution three-dimensional representation of the scene has a cinematically
immersive character for the audience. For the user, however, this characteristic
is lost due to interaction with mouse and keyboard which need to be avoided.
The aim of the application is to impart knowledge about our solar system. The
planetarium has a variety of levels of information which can be shown or hid-
den on demand. There are functions that affect the information content of the
entire planetarium or only selected planets. For example, the background of the
planetarium can be adjusted in steps, from any background (black) via stars to
constellations. In addition, the orbits of the planets can be show. The speed at
which the planets move can be adjusted if necessary. To make the planets in the
shadow of the sun also clearly visible, the shadow path of the sun can be turned
off. In order to estimate the skew of the planets to each other, a north-south axis
of each planet provides details. Some planets have additional information; the
solar corona can be disabled or Mars and be shown from the perspective of an
infrared camera. The Earth as our central element of the solar system provides
a wealth of information. Thus, atmosphere and clouds can be hidden to get a
better view of the blue planet. It can be showed in a topological, geographical,
or black and white view. Information that many visitors are interested in, is the
opportunity to view the orbital space debris of the earth. An example of our
method showing this is given in Fig. 1.

Fig. 1. Earth with space debris.

2.1 Interaction Concept for Control with a Customer Device

The Planetarium is located in a gravity-free space. For navigation in free space,
the navigation types “Fly Free” and “Examine” are relevant. There are at least
three DoF needed. The considered Devices Wiimote and Google Nexus One can
interact in a lot more ways to navigate. These are in addition to the sensors the
already mentioned possibilities of the touch screen or buttons.

To navigate to the Planetarium, the rotation around the X and Y-axis and
the translational on the Z-axis are used. The rotation about the Z-axis can be
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ignored to prevent inadvertent misalignment. The interaction in virtual spaces is
usually difficult when an intelligent guidance that can prevent an imbalance does
not exist [7]. Thus, the user can use all possible degrees of freedom, although he
may even change only three. In a planetarium the translations in the X and Y
axis, i.e. going to the left or right and up or down, provide no added value. As
there is always only one planet in the focus of attention, it can be centered in the
image. Therefore, it is assumed that the viewer of a museum application wants to
see only the essential information representing the planets and their moons in the
planetarium. He does not want to move too long between planets. To facilitate
this, an additional control is considered in order to aim at planets directly. The
navigation in the planetarium is therefore as follows: It consists in being able
to watch a planet from all sides, from near and far. These expectations are a
mixture of “Free-Fly”, approaching and withdrawal of a planet, and “Examine”:
turning around the planet in the focus of attention. Intuitive guidance must be
done as the user does not want to get lost in the VR world. This should be
implemented in a way that does not feel the user as a hindrance. Such guidance
may consist, for example, in limiting the distance of the viewer to a planet,
so that he always has an orientation point. As a result, the user does not get
lost in the vastness of the simulated space and always has a reference point for
orientation.

Mapping of the Inputs onto VR. The sensor data provided by the Customer
Devices can be implemented in different ways. So one can basically distinguish
whether sensor data for a rotational or translational are used. Since in a plan-
etarium, the focus is on the observation of planets, the majority of navigation
will consist of rotations. Because of this the exemplary implementation will use
sensor data for rotations. The user therefore needs no keys or touch inputs and
can largely navigate through intuitive movements. A possible implementation for
the two selected Customer Devices are presented as examples. A classification
of its input capabilities and its effect in VR are described for each investigated
customer device.

Smartphone: The smartphone hybrid device with multi-touch display and
sensors allows a combination of sensor and touch interaction. With multi-touch
devices the navigation can be implemented by known finger gestures and slides.
Thus, the translation of the Z-axis, i.e. the forward and backward movement,
can be realized via a touch capture. Such input on the touchscreen allows for
fast adjustable interaction. The user can thereby determine himself how fast
he wants to move. Accelerometers and the digital compass can allow for the
rotations about the X and Y axis. In addition, the neighboring planets can
be targeted directly by means of a “single finger vertical slide”. It would also
be possible to introduce a rotation around the Z-axis by the inclination of the
smartphone to the left or right. This was not conceptually planned, since this
way the orientation between the rotation over the compass and tilt to the left
or right would be more difficult. Using this implementation, all necessary DoF
are controllable in speed and unique and intuitive by design. In focus of the
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intuitive and immersive navigation the smartphone is the most suitable among
the analyzed customer devices.

Wiimote: For sensor-based devices such as the Wiimote a concept can be
adapted known already in games. The Wiimote combines an accelerometer, a
gyroscope and various buttons, permitting a variety of possible interaction con-
cepts. As for the smartphone, the Accelerometer values of the tilt up or down
may be used for the rotation around the X-axis. Since the Wiimote does not
have a screen, its directional pad can be used here for translation in the Z-axis
and alternating between the planets. The rotation around the Y-axis can be
realized in analogy with digital compass of the Smartphone using the gyroscope.
It should however be noted that the directional pad does not allow control of
the speed. A precise, immersive navigation for inexperienced users is therefore
hardly possible. In addition, there is no way to select and to target a particular
planet as it is possible by the webapp smartphone.

2.2 Overview and Interface Design

For the implementation of a unified interaction paradigm for different customer
devices, it is necessary to bring the similarities into a common denominator [8].
Here, the customer devices are combined in a device- and platform-independent
interface. Therefore it is necessary to exploit the similarities of the devices. Thus,
there is only one adapter that receives the sensor data and unified forwards them
to the interface for each device. The goal of a unified interaction interface for
VR applications is thus that similar inputs trigger the same actions in VR. So
individual devices are connected to the 3D application. The Wiimote is con-
nected directly to an application. The instant reality framework on which the
planetarium was developed supports the direct involvement of the Wiimote. In
contrast, multi-touch devices and smartphones must be connected via another
interface. This interface is a webapp. All devices are connected, regardless of
their connection to a central “network script”. This accepts all entries and then
changes the VR world.

Smartphones and multi-touch devices are passed via the webapp to the Web
Interface. Here, the data of the devices are unified and directed to the network
script. The data of the Wiimote, which is directly connected to the 3D applica-
tion, will also be forwarded to the network script. This script then evaluates all
the data and manipulates the 3D application. The whole workflow is summarized
in Fig. 2.

3 Implementation

With smartphones and Wiimote different interaction concepts can be imple-
mented. This section describes the technical implementation of our concept with
the instant reality system. In this case the user is restricted in his movements
without knowing. Thus, a control is achieved and disorientation avoided. To real-
ize this, we switch automatically between the perspectives Free-Fly and Examine.
In the following, the realization is explained in detail.
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Fig. 2. Workflow.

3.1 Instant Reality

The instant reality Framework is a high-performance mixed-reality system that
combines different components of Augmented Reality (AR) and Virtual Reality
(VR) for developers [9]. The special feature of this framework is the fact that
it works with the standardized data format X3D. 3D content can be described
declaratively [10]. A major drawback of many VR systems is generally a lack
of standards. instantreality tries to separate by means of X3D between runtime
and program logic. The goal behind this is the reusability and exchangeability
(“write once, deploy anywhere”). The inputs and outputs are controlled here via
the instant reality player, the VR application itself is written in X3D [11].

3.2 X3D

X3D is a further development of the Virtual Reality Modeling Language (VRML).
The goal behind this is simple description of 3D objects [12]. “X3D is an official
Internet standard allowing to publish three-dimensional images on the Internet.
X3D provides the ability to create very complex three-dimensional worlds with
which the viewer can interact in a variety of forms. The strength of X3D is the
presence of many interactive functions. Moreover, it is in an X3D ISO standard.
X3D will therefore also in the future play a certain role. A weakness of the
format is the lack of photorealism that we are used to from movies. But the
lack of photorealism is a general feature of interactive formats”. InstantReality
extended X3D with some components. X3D can be expanded and manipulated
by JavaScript. Thus, complex calculations, such as the trajectory of a planet
described by mathematical formulas can be calculated at runtime.
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3.3 Phonegap

“Phonegap is an open source development of open standards for the development
of cross-platform mobile applications with HTML5, CSS3, and JavaScript”. The
developer can use this framework to create web pages, which receive a JavaScript
interface to access the hardware capabilities of the underlying system. This hard-
ware functions include camera, GPS and the locally stored contacts database,
but also the internal sensors of a smartphone, such as accelerometer, compass
and gyroscope. The websites hereby created can be both stored and executed
locally on the Smartphone using the Phonegap created app and stored on a
server and accessed via the network connection of the smartphone.

3.4 Sencha Touch

Sencha Touch is a web framework to make websites look like native mobile
applications. Here, in the context of this work, especially the HTML5 func-
tion of gesture recognition on touch screens is important. This functionality
allows an application on different devices with the same characteristics to per-
form.“Sencha Touch has the same basis as the JavaScript framework Ext JS,
which is also developed by Sencha and browser-independent functions for DOM
traversal (Document Object Model) provides for event handling and asynchro-
nous Server communication (AJAX). Sencha Touch makes use of HTML5 to
create, for example, off-line programs and to be able to deliver video or audio
files. Furthermore, it uses CSS3 to draw rounded corners, shadows and gradients.
The complimentary Framework is available with a commercial license and open
source under the GPL (GNU General Public License)” [5].

3.5 Implementation of the Planetarium

The planetarium is built on top of the instant reality Framework X3D scene [13].
The structure language X3D provides for swapping of “objects” with a structure
of similar characteristics, called “Proto”. With the help of this structure type
sub-structure objects can outsourced as planets and thus achieve decoupling.
This scene is due to its structure dynamically extensible so newly discovered
planets, moons or entire star systems can be integrated easily. This structure can
expand individual planets in their functions without affecting the overall system.
This dynamism also requires a dynamic navigation option. Specific viewpoints
are to be incorporated, with which the user can become a quick and clear view
of the entire simulation or can navigate directly to a particular planet or moon.

With a unique combination of numbers for each planet, all planet specific
variables are read from a data script. Using these data, the calculation of the
orbits and additional information such as different textures are possible. To
complement the planetarium with new celestial bodies, thus only one entry with
the concrete variables in the data scripts and the creation of a planet proto is
necessary.
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3.6 Interaction

Especially in the museum context, where every visitor has a different device, a
(very) platform-independent control is necessary. To achieve this, it is advisable
to use a webapp for control. With the presented framework Phonegap it is possi-
ble to make websites as native applications for mobile operating systems and to
address the internal sensors of smartphones. Via the Sencha Touch framework,
the use of the touch screen is possible. So one can create a webapp using these
two frameworks, which has full access to the sensors and input capabilities of
a smartphone. For better communication with the VR world this webapp can
run on the same server on which the VR world is running and still work from
the user perspective as a local native application on the smartphone. Thus, the
webapp for the operator is easy to maintain and always up-to-date for the user.

Control of the VR World. To control a VR world, there are several options:
Mouse and keyboard are directly linked to the virtual world, as is the case with
customer devices, which are normally used as a controller for games consoles.
Control devices such as smartphones and multi-touch devices cannot be con-
nected directly to the VR world due to its unlimited possibilities for interaction.
For these devices, there are at least two different ways to manipulate the VR
world. These include the use of X3D network node or the use of instant reality
web interface. In this work the instantreality web interface is used to communi-
cate with the generated webapp and the virtual environment. An interface has
been developed that can send all the information from the webapp to the virtual
world in its own data format. Through the use of strings as arguments both an
unlimited number of possibilities for interaction on the webapp, in the form of
buttons or menus, as well as the transfer of sensor data are possible.

3.7 Defined Interfaces

In order to transmit different interactions to the VR world and to receive this
transmission in the following the defined interfaces are explained. So touch
inputs, sensor values and also directly to the 3D scene connected terminals are
through these interfaces linked and their effects on the VR world are combined.

Webapp. All possible inputs implemented on a webapp are transferred in a
central JavaScript to VR world. To ensure easy expandability, specially format-
ted strings are used for communication between the interfaces. The developer
can give own unique names for its buttons and to implement them in the VR
world. Once the user selects one of these buttons, a unique string is transferred
to the virtual environment. Using the example of a planet buttons, the string
“switchVP: ’planet name’ ’ is transmitted. On the opposite side in the VR this
string is divided in the command “switchVP” and the parameter” ’planet name.
In the VR It then the view point of the desired planet is activated and the user
can view it. This type of transmission ensures the action to be executed with
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Fig. 3. webapp on a smartphone with planets, features, and info areas.

which parameter. Since the developer must decide how his commands and para-
meters are established, the diversity of data transfer is not limited. The webapp
consists of four main areas: Planet, Features, Navigation Area, and Info.

In Navigation one can, as described, navigate using finger gestures in the VR
world. There, apart from the bottom bar, no other elements are displayed. This
is by design, because one should not worry about the device in an immersive
and intuitive control. The aim is that the user without looking at the page can
navigate through the application.

If the webapp is considered within the PhoneGap framework, the webapp
has access to the sensor data of smartphones. They are also transferred via the
central JavaScript. Due to the uniqueness of the sensors functions are available
that can also transfer the parameters as specially formatted strings. In Fig. 3
(left) one can see the planet shortcuts of the webapp. Clicking on one of these
buttons, the respective viewpoint of the planet is activated in the simulation.
The middle image shows a list of features that one can enable or disable for
the planetarium. The picture was taken on the Google Nexus One. In the upper
third one can see the features that affect the entire planetarium. Among them
come planet-specific features. If a finger is pulled up or down, one scrolls the page
down or up, and the remaining features are displayed. The right image shows
a screenshot showing the “Info” -Area on the web application on an Android
smartphone. Here, the user receives a brief description of what this app can be
used for.

Multi-touch Recording. Since the user in the navigation does not want to
look at his smartphone to see where he has to push for something to happen, this
page is limited to two degrees of freedom. The viewer can go with a swipe of the
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finger up or down on the screen – in the VR forwards or backwards. Here, the
first point of contact on the screen is selected as zero position. The further the
current point of contact is removed from the first, the faster the user moves in the
virtual environment. Through this realization very small and precise movements
are enabled and the user does not type permanently on the screen to enlarge
distances in the VC experience. If the finger is pushed back towards the zero
point, then the speed is reduced in the VR. When the user drags a finger to the
left or right of the respective viewpoint of the neighboring planet is sighted. In
this interaction, it is not necessary to look at the screen of the smartphone. The
focus is therefore fully on the VR system.

Sensor Detection. The sensor data is summed continuously. Here, the acceler-
ometer has its zero position when the device is held parallel to the floor. The
digital compass calculates its rest position from the first recorded data. If the user
moves his smartphone now in one direction, the difference between the current
value and the zero position is analogously to the multi-touch sensing added to
the rotation. The greater the movement of the sensor is, the faster the rotation
in the VR. Compared to an absolute mapping of the data in which the virtual
environment turns just as the controller is turned, this implementation provides
an advantage: the user can bring the viewing direction in the virtual environment
in all possible positions and will only have to make a small gesture. If the user
wants to rotate once around a planet, he would have to turn around the controller
once as well. He would either have to twist his hand, or use the device in his
hand. The result in this case would be the loss of immersion and possible inability
navigation due to the twisted device.

In Fig. 4 one sees that due to the inclination of the smartphone, the viewpoint
around the Earth is rotated. The earth is this fixed in the center and the user
can look through a simple hand movement from all sides.

Fig. 4. Tilt to the right
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Virtual Environment. The virtual environment is described in X3D and real-
ized by means of instant reality framework. Here, the receiving interface of data
is implemented. Therefore, it is necessary to define a script block that expects
certain input values and takes over the control of the navigation. The input val-
ues include the data from the webapp, which are received via the web interface
instant reality and passed to the script and locally integrated customer devices
or special equipment. The interaction potential of local devices can be connected
at this point in the interaction possibilities of the webapp. This makes it possible
to use the sensor data of a smartphone and the Wiimote in the same functions
and thus to enable the same navigation. Since the rotation is calculated for sim-
plicity and better constraint to guide the user only for one axis, it is necessary to
embed the viewpoint in nested transforms. For this purpose a viewpoint Proto
was developed that performs these tasks. This Proto gets passed all the collected
data and calculates its own new alignment and positioning in the VR. The devel-
oper has thus the advantage of not having to worry about the execution of the
navigation. He only needs to place the viewpoint Proto in its virtual environment
and adjust the appropriate links to the webapp.

All entries that the user can make are collected in a central location: the
webapp. Since it is based on HTML and therefore runs on all major browsers,
inputs from various customer devices, such as a multi-touch table or a smart-
phone can be used. It is also very easy to integrate new devices and interaction,
since they must be connected only to the webapp or a new opportunity for inter-
action must be realized only within the webapp. In addition, the presentation
on displays is always the same as the webapp determines the layout and all cus-
tomer devices with a screen access the webapp. In this way, it is guaranteed that
the latest version of the control program is used. The webapp passes all received
interactions in the 3D scene, which then changes its current state.

4 Conclusions and Outlook

After creating an interaction concept for Wiimote and smartphone to control the
planetarium, more customer devices or interaction concepts remain that could
not be investigated in this work. Developments in the field of VR, computer
science and consumer electronics in general, generate at relatively short inter-
vals new games consoles with new technical refinements. Each new generation
of customer devices brings new interaction concepts and a number of other pos-
sible interaction concepts [14,15]. The interaction concepts created here show
what possibilities the current controller in the application Planetarium offer.
The Kinect is a good example for new generations on the game console mar-
ket, it combines existing concepts with new technical achievements.The main
drawback is the individual user correspondence, though [16]. It remains to be
seen what new previously unknown consoles will bring. The possibilities consid-
ered in this work are not fully exploited. One could show, for example, the 3D
scene also on the screen of the device and put on an immersive and intuitive
gesture control. Similarly, the multi-touch aspect that was hardly considered in
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this work must be regarded as an extension. Since only exemplary functions of
the planetarium so far been implemented on the website, this could be extended
to all possible functions in the planetarium. An evaluation of the established
paradigms of interaction would be to verify the next step is to test the hypoth-
esis. For mixed groups should be formed with and without previous knowledge
of a particular controller. Then the VR system is presented with its selected
controllers and a first navigation shown by the system. Each of the test persons
should fill out a questionnaire at the beginning of each controller. In this ques-
tionnaire, expected results of the test subjects should be included on the subject
of intuitiveness and degree of immersion. Subsequently, the tester should com-
plete certain tasks with this controller. While performing the tasks, the time
required and the number of navigation errors should be measured. A final ques-
tionnaire should cover how intuitive the controls was and how immersive the
application for the user. Based on the results of the measurements during the
implementation and questionnaires, conclusions could be drawn on the quality
of the statement.
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