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Abstract— This paper proposes the design and implementation A. Outline

of a toolkit for creating wearable user interfaces with reusable ; ; . ;
components. The tool?dt is based on a model-driven approach Th? remainder of the paper is structured as fo[lows. Se_ctlon
that builds on an abstract model of the required user interface |l reviews related work for a proposed WUI-Toolkit. In sectio
for an application. By using available context information of Il basic requirements to be considered for the developroént
a wearable system, the toolkit supports context-aware user a WUI-Toolkit are presented. Section IV gives an overview of
interfaces that adapt themselves. an architecture of a WUI-Toolkit, whereas section V idensifie
open research challenges of the toolkit. Finally, sectidn V

concludes the paper and presents future work.
I. INTRODUCTION

II. RELATED WORK

User interfaces (Ul) are a central part of every application Creating reusable context-aware Uls for applications is a
They must ensure appropriated usability and informatias prcomplex process. It might include the design and choice of
sentation in order to let users control the application. Whesuitable Ul components, the processing of observed context
concerning wearable user interfaces (WUI), this becomes ewvavents, and the rendering of Uls. The Context-Toolkit [6]
more challenging [1]. Limitations of special /O devicesds has been proposed for the general integration of conteat int
for interaction or presentation in wearable computing .(e.gpplications.

HMD's, data gloves) strongly vary from devices used ifWhen WUIs should be used on a wearable device, obviously
stationary or mobile computing, where WIMP (Windows Icon®VUI components and interaction concepts are needed. The
Menus Pointing) interfaces dominate. Additionally, opieig  interface of the VuMan3 is designed around a dial on
wearable applications is often a secondary task, i.e. maoisé device. The graphical Ul reflects the input device and
attention of the user is paid on primary tasks, which rexranges elements in a circle [7]. A similar interface, st
quires special user interruption concepts. As a conse@guerto eight selectable elements was proposed by Schmidt et al.
known design guidelines, usability constraints, and atéé [8]. In [3], Boronowsky et al. showed a list orientated GUI
Ul widget libraries for WIMP interface development are nobperated by a special data glove device. KeyMenu is a user
applicable. Clark [2] also confirms this by stating that thterface component created to be used in conjunction with
“desktop metaphor is dead” for wearable computing. Howevéhe Twiddler chording keyboard [4]. What is common to all
today, no guidelines or standards for wearable user imerfghese user interfaces is their dependence on special input
development exist. Instead, special purpose interfaca® wdevices which make any further reuse difficult.

designed that require special input devices and often gralph Besides the mentioned wearable interaction devices ttem h
output devices (e.g. [3], [4]). However, such individuallypeen developed more. The GestureWrist [9] is a wrist-watch
designed interfaces have the drawback that they are ndy eagipe input device. It recognizes hand gestures that can be
reusable in other configurations. And thus, can not be usedpped to a set of application control commands. The
to reduce implementation efforts for WUIs. A first attempt té-ingermouse [10] is a wearable mouse input device that is
standardization is currently done by the wearlT@work projecontrolled by finger movements in front of the body.

[5] that aims to build a framework for wearable applicatioo compose user interfaces for different devices, modsétha
development. approaches that describe interfaces from different petisps

The Wearable User Interface Toolkit (WUI-Toolkit) proposetiave been developed. Here, task models have gained much
here aims to provide a toolkit for WUI development witracceptance, as they support the construction of Uls for
reusable components. It meets the special requirementsdifferent devices in a task oriented and interaction ceuter
wearable computers and takes, e.g., context informatiom ofmanner [11]. The ConcurrentTaskTree (CTT) notation [12]
wearable system into account if available. Thus, the goaliswidely used to describe such task models in a hierarchical
to develop a middleware for supporting the implementatibn tree structure.

context-aware WUIs without limiting them to graphical useFor describing Uls in a platform independent way, there
interfaces or specific interaction devices. are different markup languages. For example, the User
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Interface  Markup Language (UIML) [13] addresses this STt

issue. It supports a declarative description of a Ul in a AL ’ ;

device-independent manner. However, it does not support

‘

'

. . . Context Information resentation Component
model based approaches well, because it provides no notion ' preseniaton Gompenent .
of tasks. XIML [14] (eXtensible Interface Markup Language) : wyrCmgonent
also supports a device independent Ul description. It plewi : :
a mechanism to completely describe the user interface, its : | L

attributes and relations between elements of the interface

Context Observer

without paying attention how they will be implemented. _______________ £ __________ e,

The requirements of the proposed WUI-Toolkit as envisio-

IIl. REQUIREMENTS
Fig. 1. WUI-Toolkit architecture

ned above are described in the following.

Ease of use and component reusability

The toolkit should facilitate the development of WUIs and
reuse of its components. By providing the toolkit with a
specific abstract model of the needed Ul a WUI should
be generated.

1/0O device independent Ul description

For describing Uls in the design phase independently®
of any specific wearable 1/0 devices and modalities, an
abstract model of the Ul must be supported. This model
should be defined in a task oriented manner by an abstract
Ul description language, as most wearable applications®
are task specific rather then general purpose, e.g. [3].
Distribution of toolkit components

Limited computing resources of wearable computers,
such as battery capacity and CPU speed, require the
possibility of distributing application parts. The todlki
should feature such distribution capabilities for its core
components. Especially, the possibility to run the abstrac *
model management on one system and the Ul rendering
on another system should be supported.

Soecial Ul components and interaction concepts

The toolkit should provide a basic set of user interface
components and appropriated interaction concepts. These
components must be suitable for operation with different IV. THE WUI-TOOLKIT

interaction device classes and must be designed for weaThs section describes preliminary design decisions made o

rable computing. _ _ a WUI-Toolkit that meet the requirements discussed above.
Support for multi-modal interaction

To achieve unobtrusive and situation dependent interdd- Architecture Overview

tion with a WUI, generated user interfaces should not The general design of the WUI-Toolkit follows an event
be limited to graphical output. Instead, the toolkit shouldriven approach. Figure 1 shows the basic components of
support basic service for multi-modal interaction, at feathe architecture. Thébstract Ul-Model handles the abstract
for combining graphical and audio interaction. specification of requirements of the WUI to be generated by
Integration of Context the WUI-Toolkit. It is composed by the application developer
Wearable computing is strongly related to context recand specified by an abstract user interface description lan-
gnition. Therefore, WUIs generated by the toolkit shoulduage (AUIDL). ThePresentation Component interprets the
use recognized contexts of a wearable system to suppditmodel in an iterative process with the support of other
basic context-awareness. Since, there are already contahponents in order to construct the actual WUI for the
frameworks available (e.g. the Context-Toolkit [6]) theurrent device configuration and context of use. TheI-
WUI-Toolkit should provide an interface to such system&omponent Repository provides a library of special designed
Adaptation Component WUI components (graphical and audio). It can be queried
For allowing the generation of WUIs that automaticallyvith an abstract Ul component to identify suitable WUI com-
reconfigure their operation concepts or appearance ponents. Results are forwarded to theéaptation Component

a certain situation, the toolkit should feature a reaso-
ning component in conjunction with a rule base. This
component should manage an extensible adaptation rule
base and should implement an appropriated reasoning
mechanism.

Usability of generated WUIs

Because the toolkit aims to provide WUIs upon an
abstract model, it must be ensured that resulting WUIs
are usable.

Extensibility

Although it is envisioned to have a toolkit with com-
ponents for handling most common application requi-
rements, it is still desirable to allow an extension or
customization of existing components. The toolkit should
also support the integration of new available interaction
devices to control existing Ul components.

Compatibility

Because wearable computers often do not offer the latest
state-of-the-art software packages available, the toolki
must prevent from using latest third party libraries. For
example, the availability of special system dependent
libraries or software versions should not be assumed.



that selects and customizes the components under availd®je integrating context information into WUl components,
context information and constraints given by tAdaptivity WUIs can be developed that automatically adapt themselves
Rule Base. After this, the final WUI will be available. When to provide the most valuable WUI under a certain context. The
the WUI is delivered to the user, th€ontext Observer basis of the toolkit is an abstract model of the required @t th
observes available context sources by interfacing a contexts as an API from the developer’s perspective to build the
infrastructure, e.g., provided by the Context-Toolkit.[he actual WUI for a wearable application.
Context Observer notifies the Adaptation Component about Concerning the realization of the WUI-Toolkit, the paper
relevant context changes in order to adapt the WUI if needetiscusses arising research challenges. In particulderelift
User interaction is forwarded by events to tReesentation open questions were identified on the adaptation of WUIs that
Component whenever performed. Then, tReesentation Com- need further research to be answered.
ponent fires corresponding application events. Although some initial implementations of the basic aratiite
ture of the WUI-Toolkit have already been done to show its
V. RESEARCHCHALLENGES feasibility, there is still more work to do. Besides the dissed
After having discussed related work, requirements amgsearch challenges this includes:

challenges. Although in [1] the development of WUIs was  the abstract UL.

identified as generally challenging, there can be identified, The integration of context frameworks for accessing
more specific research challenges when trying to realize the cgntext information of a wearable system.
proposed WUI-Toolkit. In particular many questions arise on, The definition of a basic set of adaptivity rules for WUIs.
the WUI adaptation. These include among others: « The evaluation of generated WUIs concerning their usa-
o The description of an ideal WUI bility.
The question of what are the properties of an “ideal”
WUI must be investigated to identify a measure of quality
for WUIs. Such a measure could be important for thdl] T. Starner, “The challenges of wearable computing: PAREEE Micro,
adaptation process, e.g. if adaptation is handled as ag Y0 2% no. 4, pp. 44-52, 2001.
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V1. CONCLUSION
[11]

This paper proposes the implementation of a user interface
toolkit for wearable computing. The toolkit's approach s t
initiate a standardization process similar to existing GU};
Toolkits for WIMP user interfaces. It facilitates the deyglo
ment of WUIs and allows the reusability of WUI component;
in different applications.



