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Abstract. Nowadays a wide range of input devices are available to users of
technical systems. Especially modern alternative interaction devices, which are
known from game consoles etc., provide a more natural way of interaction. But
the support in computer programs is currently a big challenge, because a high
effort is to invest for developing an application that supports such alternative
input devices. For this fact we made a concept for an interaction system, which
supports the use of alternative interaction devices. The interaction-system
consists as central element a server, which provides a simple access interface for
application to support such devices. It is also possible to address an abstract
device by its properties and the interaction-system overtakes the converting from
a concrete device. For realizing this idea, we also defined a taxonomy for
classifying interaction devices by its interaction method and in dependence to the
required interaction results, like recognized gestures. Later, by using this system,
it is generally possible to develop a user-centered system by integrating this
interaction-system, because an adequate integration of alternative interaction
devices provides a more natural and easy to understand form of interaction.

Keywords: Multimodal Interaction, Human-Centered Interfaces, Human-
Computer-Interfaces, Gesture-based Interaction.

1 Introduction

Offering the use of modern interaction devices on technical systems is an actual trend
for regarding customers’ needs to provide an easy and intuitive interaction. Especially
games are predominantly designed for playing them with other controllers than
traditional once, like joystick, gamepad or the combination of mouse and keyboard. In
2006 the Nintendo Wii was published and had an amazing success because of its
intuitively useable control paradigm by performing natural gestures. Going one step
further Microsoft’s Kinect introduce a full body gesture interaction by using only the
own body as controller device. But not only systems for playing games try to utilize
natural interactions, also systems like mobile phones using multi touch are successful
like Apple’s iPhone or other modern smartphones. All of these systems have one
feature in common: they support a natural interaction by supporting gestures.
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On the computer nowadays a gesture-based interaction is even not so successful.
On these systems the traditional interaction devices mouse and keyboard are the most
often used devices for the control of applications. Only multi-touch monitors are in
some usage scenarios used for an easier interaction e.g. in public domains. Mostly the
reason is the missing support in programs and applications. But also if alternative
interaction devices are supported, their usage may not be adequate in all use case
scenarios of a program. In different use cases, different interaction metaphors are
needed to provide a useful interaction. For example by presenting a picture, abstract
gestures are useful to instruct the viewer-program to zoom or rotate the picture. But if
the user navigates through the menu of such a program only simple gestures are
appropriate like pointing an entry or panning the display in a direction. Furthermore
interaction devices often provide additional technical features e.g. the Nintendo
WiiMote controller contains accelerometers, which are useful for supporting a
gesture-based interaction. But the WiiMote also utilizes an infrared camera, which
allows it to be used as pointing device. For an adequate support of modern interaction
devices all the possible interaction methods and paradigms should be supported, but it
is a challenge to address different kinds of interaction methods, if multiple modern
interaction devices are used.

In this paper we introduce a taxonomy of possible interaction methods for existing
interaction devices. In this taxonomy currently applied interaction methods are
presented, based on nowadays available interaction systems and devices. In this paper
we also describe a generic interaction analysis system we had developed, which
handles different interaction devices and its supported forms of gestural interactions,
basing on the defined taxonomy for interaction methods. Hence the system handles
the technical aspects like detecting gestures, or adopting e.g. the pointing mechanism
of the WiiMote to a physical display. By using this interaction analysis system, a
developer does not need to spend effort in developing a gesture recognition system
any more. Via an API the developer can also declare, which interaction method
should be supported or be disallowed in the programs use case scenarios. The
interaction analysis system automatically determines the supported devices and its
technical aspects to use the relevant sensors. Of course the support of multiple
interaction methods is provided, so different kinds of interaction methods are possible
in a use case scenario.

2 Related Works

For classifying interaction devices to specify existing input and output devices,
different approaches are existing. Especially for input devices classifications exist, to
provide the possibility to group devices in dependence of similar properties. In the
following section we give a small overview of existing classifications for input
devices.

One of our goals is to use the classification for conceptualizing and developing an
interaction-system, for this fact we also introduce in some existing interaction
systems, which provide the feature for an intuitive usage.
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2.1 Classifications for Interaction Devices

In the past some effort was done in defining classifications of input devices, mainly
with the goal of better understanding of the devices, so that optimal devices could be
found for specific tasks or similarities in devices to replace a device by another
adequate one [1].

One of the first classifications was a taxonomy, which was defined by Foley et. al.
[2]. The classification was focused on graphical user interface applications and its
typical tasks that can be performed. Tasks were for example selecting a graphical
object, orienting the mouse etc. Foleys taxonomy differentiates between devices that
can perform these tasks and in what way they can do it, especially if its active
principle is directly or indirectly.

Buxton et. al. [3] made the observation that there is a major difference in the way
devices can produce the same output. Buxton called these differences pragmatics and
divided the devices further into the way they produce the output (position, motion,
pressure, etc.) and ended up with a taxonomy, which could represent simple devices.

To finally be able to classify all input devices, even virtual ones, Mackinglay [4]
took Buxton’s taxonomy and build a formal approach, which can be used to classify
the most input devices. Mackinglay describes an input device with a 6-tuple:

T=(M,In,S,R,0ut,W)

M... is an operation manipulator that describes, which value is changed
by the device e.g. Rz would mean rotation around the z-axis

In... is the input range in which the device can be manipulated e.g. a
touchscreen would have a input range of [0, touchscreensize]

S... is the actual state of the device
R... defines a function that maps between In and Out
Out... is the output range which results from /n and function R
W... describes the inner function of the device
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Fig. 1. Mackinglay’s Taxonomy of input devices [4]



Classitying Interaction Methods to Support Intuitive Interaction Devices 23

These tuples can be combined by 3 different merge operations to form more complex
input devices:

— Connect: connects one device from Out with a fitting input device from In

— Layout composition: indicates the position for two simple devices at a
superordinate device

— Merged composition: similar to layout composition, but the merged values
defining a new complex data type

It is hard to insert devices for video or audio-based recognition in these taxonomies.
In an alternative approach Krauss [5] divides devices on the super level in coordinate-
based and non-coordinate-based interaction devices. So its classification (see Fig. 2)
is driven by the output values of the devices.
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Fig. 2. Classification of input devices by Krauss [5]

2.2 Gesture-Based Interaction Systems

Some effort was invested to support a gesture-based interaction to normal computers
and into application for allowing an easier control. In particular, the use of interaction
devices from game consoles becoming also interesting for the use on normal
computers. The reason is that they are well known and next to its easy usage, they
provide different methods for interacting with a system. Early interaction devices like
old data gloves were designed for only one interaction scenario. But in difference, a
modern controller like the Wiimote, which is an input device developed by Nintendo,
can recognize acceleration in 3 directions and it therefore can be used for gesture-
recognition, next to use the infrared camera for the use as pointing device or use the
buttons directly to control an application. To use only the WiiMote on a computer,
different implementations are available. One of the most flexible programs for using
the WiiMote as gesture-based device is WiiGee'. The recognition is implemented by a
statistical comparison of the acceleration inputs and comparing them with previously
trained acceleration data. WiiGee can classify the observed sequence as gestures [6][7].

! http://www.wiigee.org
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There are also video-based applications that recognize faces [8] and some early
approaches to recognize human gestures in video-based systems [9]. A more advances
approach is Microsoft's Kinect” which uses stereo images to recognize gestures.

Speech recognition is a field, which gets more and more involved and works well
for limited vocabulary. Many systems like cellphones, car navigation systems,
operation systems and computer games support speech recognition.

3 C(lassification for Interaction Methods

In a first idea for creating a gesture-interaction system (see Fig. 3) that supports
different kinds of alternative interaction devices, we focused on supporting different
kinds of devices [10]. During this work we recognized that many devices can be used
for different interaction methods, for instance the WiiMote is an accelerometer-based
device, which can be used for gestures. Next to this it utilizes an infrared camera,
which allows the use as pointing-device and it is possible to use it as key-based
controller, because of the also provided buttons on the top of the controller.

Furthermore for some interaction methods various other devices do exists, which
allows the same form of interaction. Representatives for 3-dimensional accelerometer-
based devices are the WiiMote, Playstation Move Controller and most of the currently
existing smartphones on the market.

7 | el |§§“
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Interaction
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3

Fig. 3. Architecture of our Gesture-Interaction-System [10]

In default, for every supported controller another implementation is necessary, also
for modules, which are able to e.g. recognize gestures. This is not an adequate
procedure, so that we created another approach, which we are going to describe in the
following sections.

For creating an effective tool to support also new upcoming alternative interaction
devices, we need a concept for organizing them. Also to allow the use of modules for
multiple times, like for gesture recognition module. In fact of this, we designed a
multi-dimensional classification of interaction devices, grouped by the interaction
method and the interaction result.

3.1 Classification of Interaction Methods

In the past times interaction devices are designed for a single use scenario, e.g. a 3D-
Mouse was designed for using it to interact directly within a virtual 3-dimensional

2 http://www.xbox.com/de-de/kinect
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Fig. 4. Classification taxonomy for the possible interaction methods

world. In difference to these devices, the modern interaction devices for modern game
consoles etc. utilize multiple technologies. The Playstation Move controller integrates
so accelerometers, a gyrocopter, a compass and buttons, which in sum allows a
manifold interaction style.

For grouping interaction devices, we conceptualized a taxonomy to group the
controller by its basic underlying technology (see Fig. 4). Of course, every interaction
device can be ordered in multiple groups — depending to the required technical
feature.

This classification is necessary to provide the possibility that a developer etc. can
address which kind of interaction method he wants to support or what kinds of
interaction devices he wants to allow interacting in his application.

The important difference between this characterization and the existing approaches
for classifying interaction device is that we separate the devices by its technical use
method and what kind of sensors etc. are responsible for this method.

3.2 Classification of the Interaction Results

In a practical use a user or furthermore a developer has a specific requirement on the
results by the usage of an interaction device. So if an interaction in a graphical user-
interface is planned, the result from the used controllers must be coordinates etc. This
can only be ensured, if the taxonomy provides the feature of filtering the devices by
its generated result data.

By interacting through a graphical interface the user can use different kinds of
interaction devices, in dependence to the needed results e.g. coordinates for a 3-
dimensional environment. Today only 1, 2 or 3-dimensional environments are known.
But in fact of further research approaches or the use of e.g. multi-dimensional
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Fig. 5. Classification taxonomy for addressing the interaction result by previously defined
interaction method
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combinations of multiple 3D environments, we regard also n-dimensional interaction
results, but of course today we found no real n-dimensional (n>3) interaction device
or an environment, which provides the need of such an interaction device.

3.2 Usage of Interaction Devices by Classifying Interaction Devices

Our concept of the taxonomy for classifying interaction methods to support intuitive
interaction devices is a combination of the two described sub-classifications. The
result of coupling both classifications is an array in which every interaction device
(restricted to input devices) can be classified (see array in Fig. 5).

With this array it is possible to determine interaction device with similar features.
Next to the feature of addressing interaction devices that supports a required
interaction method and generates a preferred interaction results, like complete
coordinates within a graphical user-interface.

Interaction Metheds

5,
\\

Interaction Besult

Vi

Fig. 6. Entire Classification Taxonomy for classifying interaction methods to support intuitive
interaction devices, in which every input device can be arranged

4 Concept for an Interaction-System

To create an extensible interaction system, we conceptualized a system, which regards
the presented taxonomy. One of the most important features of the conceptualized
system will be the possibility to address devices with a specific interaction metaphor
and with a special return value. This enables the chance that later further applications
can be developed, which will use the interaction-system and over this they can select
the kind of the preferred way to interact within the application. On this way the
developer of an application can for instance define, that every kind of accelerometer-
based devices will be supported for a gesture-based interaction. The consumer has
now the choice to use such a device, but it does not matter, if it will be a WiiMote, a
Playstation Move controller or a Smartphone with accelerometers.

To achieve such a system and also to support the aspect of recognizing gestures
with a device, every field of the array equates to an abstract device. This will be
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achieved in modeling every device as a virtual device. The treatment of the data e.g.
the final coordinates or the recognition of a performed gesture will fully be overtaken
by the interaction-system. Over an API the application is able to commit information
to the server like the enabled kind of interaction devices or further supported gestures.
The application gets as return value the coordinates or the final performed gestures.
So the interaction-system is saving a lot of effort for developers of applications, who
wants to enable a gesture-based interaction within his application or program.

Fig. 7 shows the overall concept of our system. Another application can
communicate with our system by sending xml messages over the network layer. Over
the connection the system sends an xml message that lists all available devices, and
expecting after this an xml message, which describes the devices that should be
operated and how they should be connected. Every device is implemented as a plugin,
which the server can automatically load. This makes our system generically to support
further and also new upcoming devices like Microsoft Kinect.
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Fig. 7. Architecture and data mapping of interaction devices by the Gesture Interaction System

The system consists in general of 3 components. The central and most important
component is the server of the interaction-system, which organizes all available
interaction devices and also the modules for the supported interaction methods. Next
to this central system an API library is available, so that a developer of a program is
able to use the interaction-system. The API is planned for C# (.NET) and for Adobe
Flex, which allows also web-application to support modern devices. The third
component will be a system for providing the possibility to configure new gestures.
So this Learning-Tool is only designed for modes where a gesture-interaction should
be used. So developers etc. can train new gestures for controlling their application.
The Learning-Tool generates an XML-configuration file, which can later be
committed by the API to the server of the interaction-system. On this way the server
will know the new gestures and is able to recognize them.
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5 Discussion

This interaction-system is an additional system to support alternative interaction
devices. Our main research scope lay in an adaptive visualization framework for
visualizing semantics data. To enable an intelligent user-interface we have to support
intuitive information visualization on the hand, and on the other hand we have to
provide an easy form for interacting through visualizations from the input side. For
this circumstance we need an interaction-system to delimit a specific method of
interaction (and a specific type of result value, like a performed gesture or
coordinates) and the used interaction method e.g. by accelerometers. This is
especially necessary, if another kind of navigation should be supported then only a
coordinate-based once. For example, how is it possible to provide a gesture-based
interaction through graphs? The challenge is that the navigation to its direction is
harmful, because if e.g. 5 nodes are positioned on top right, it is hard to determine
which node has to be selected, if a gesture to the top, right direction is performed. So
an alternative approach is required for providing an adequate gesture-based
interaction through graphs. Similar to this kind of visualization, it is also hard to find
a gesture-based approach for timeline and geographical visualizations.

Another point for discussions is the completeness of the taxonomy. We currently
applied it on actual existing input devices especially from game consoles. We also try
to regard most kinds of smartphones. From all these devices we determined its
utilized features for differentiate its interaction methods and form. Then we tried to
determine the possibly results, which are required in external applications. In the
presented form, we cannot ensure that all kinds of interaction are regarded. We
supported all common kinds of interaction, but it is possible that also new approaches
have to be regarded and so an extension of the taxonomy has to be taken.

6 Conclusion

In this paper we introduced into our defined taxonomy for classifying interaction
devices in dependence of its interaction metaphor and its interaction results. In
difference to other existing classifications, our approach is primary driven by the
usage in adaptive semantic visualizations and therefor to select specific kinds of
interaction devices or devices with specific forms of interaction. Next to this, the
taxonomy groups devices with similar forms of interaction, which helps to abstract
these devices and its significant properties and provide so the possibility to develop
e.g. gesture-recognition modules for such an abstract device and finally also all
related devices which are grouped under this abstract device.

This idea for classifying interaction devices is used for our interaction system,
which allows the use of alternative interaction devices like WiiMote or the Playstation
Move controller. With this system every currently available input device can be
classified by its utilized interaction method and in dependence to its interaction result
e.g. coordinates or an identified gesture. The interaction-system consists of two parts,
the central server, which organizes the devices and provides an interface for external
applications. And also the API for the use within application that communicates with
the server and gets the results of interactions from the connected devices.
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The conceptualized system can be extended by further and also new upcoming
input devices and also for the determined input results further modules can be
developed to support e.g. different kinds of gesture-recognition. This can be useful if
an accurate recognition is required for normal interactions in application as well as a
less accurate real-time recognition like it is needed in games.

But in general it is possible to develop a user-centered system by integrating this
interaction-system, because an adequate integration of alternative interaction devices
provides a more natural and easy to understand form of interaction.
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