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Abstract— Currently wearable computing is still a technol-

ogy of niches and in a laboratory stage. With wearIT@work

a project dedicated to applications was launched by the Euro-

pean Commission (EC IP 004216). The first year of the project

is nearly over and first results were achieved. In this paper

the concept of the project is introduced and first results are

presented. As the project strongly follows a user centred de-

sign approach much effort was put on first investigations with

users in the four application domains of maintenance, produc-

tion, hospital and fire fighting. Beside this results concerning

a wearable computing hardware platform and software frame-

work were achieved.

Keywords— wearable computing, applications, user centred de-

sign.

1. Introduction

The European Commission set up an Integrated Project

wearIT@work [1] to investigate wearable computing as

a technology dealing with computer systems integrated

in clothing. The project has 36 partners, among them

EADS, HP, Microsoft, SAP, Sony, Siemens, and Zeiss.

With a project volume of 23.7 million € and a funding

of 14.6 million € under contract no. 004216, wearIT@work

is the largest project world-wide in wearable computing.

The TZI – Mobile Research Center of the University of

Bremen coordinates the project.

The project wearIT@work contributes to the shaping of

today’s most challenging computer applications. The in-

tention of wearIT@work is to prove the applicability of

computer systems integrated to clothes, the so-called wear-

ables, in various industrial environments. These novel com-

puter systems support their users or groups of users in an

unobtrusive way wearing them as a computer-belt. This

allows them to perform their primary task without distract-

ing their attention enabling computer applications in novel

fields. Interaction with wearables by the user is minimal to

realize optimal system behaviour. For this reason a wear-

able computer has to recognize by integrated sensors the

current work progress of a user. Based on the work con-

text detected the system has to push useful information to

its user, e.g., how to proceed with the work. Apart from

speech output, media could be optical systems presenting

the information, e.g., via semi-transparent glasses within

the worker’s visual field. Output devices for tactile feed-

back are also applicable.

One of the major goals of the project is to investigate the

user acceptance of wearables. Suitable methods for user in-

teraction and processes suited to wearables in industry are

identified. Investigations show that methods to detect the

work context and a general architecture of wearables as well

as a hardware and software platform for the implementa-

tion of wearables are urgently needed. Four industrial pilot

applications, namely emergency, variant production, main-

tenance, and the clinical pathway drive the project.

The focus of the emergency activity field is the collabo-

rative planning and interaction using wearable devices. In

variant production the challenge is the information inte-

gration and the intelligent information presentation. The

maintenance scenario has its focal point on context de-

tection and intelligent manuals. For the clinical pathway

the focus is on intelligent information logistics and context

aware collaboration.

The Integrated Project is organized in activity lines (AL)

and activity fields to manage its complex structure and fol-

lows a user centred design (UCD) approach (Fig. 1). Ap-

plications are developed in cycles of 18 months duration

each.

Fig. 1. Organization of wearIT@work.

The partners of the project go for the following advan-

tages. First of all, an improved productivity and flexibility

of workers shall be reached. Second, an increased safety

at work and a decreased pressure towards automation is

aimed at. Third, a simplified access to enterprise informa-

tion, and fourth, faster group decisions are intended. Last

but not least, new information technology products will be

introduced into the market based on the pilot applications

developed within the project.

“The worldwide market for wearable computers generated

over $70 million in supplier revenues in 2001. The market

will increase at a compound annual growth rate (CAGR) of

over 51% through 2006, and grow to over $563 million” [1].
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Despite its massive growth, the market for wearables is still

a niche market compared to the industrial use of desktop

computers. Drivers of a stronger growth will be more stan-

dardized hardware and software platforms enabling the new

work paradigms.

2. Relation to existing theories

and work

There are different approaches to defining wearable com-

puting depending on the research direction and the applica-

tion domain. In the wearIT@work project the interaction

between the user, the system and the environment is fo-

cused on. In conventional mobile systems the interaction is

based on a modified version of a desktop human computer

interface (HCI) and follows the pattern shown in Fig. 2a.

Fig. 2. Interaction between the user, the system and the en-

vironment in a conventional mobile system (a) and a wearable

system (b).

To operate the system, the user needs to focus on the in-

terface. This catches his attention as well as his physical

activity, in particular the use of his hands. As a conse-

quence he/she can either interact with the system or with

the environment, however not with both of them at the same

time.

Thus to access data on a personal digital assistant (PDA)

the user must interrupt whatever he is doing, take the PDA

out of his pocket and focus on the device. This mode of op-

eration implies that the range of applications and situations

in which the system is useful is severely restricted.

In general, over a course of a day, mobile devices are ac-

tually useful at most between 1% and 5% of the time. In

addition, many of today’s devices are bulky and obtrusive

which means that for many activities the user does not even

take them along.

In contrast, wearable systems are designed to be perma-

nently useful and usable in a wide range of mobile set-

tings. The corresponding interaction concept is illustrated

in Fig. 2b. It allows the user to simultaneously interact with

the system and the environment. In addition, there is di-

rect interaction between the system and the environment as

well as the possibility of the system mediating the interac-

tion between the user and the environment.

The implementation of the wearable interaction concepts

involves four main issues:

1. The system must be able to interact with the environ-

ment through an array of different sensors distributed

in different parts of the outfit. In particular it must be

able to develop a certain degree of awareness of the

user activity, his physiological and emotional state,

and the situation around him. This is often referred

to as context awareness.

2. The user interface needs to be operated with mini-

mal cognitive effort and with no or little involvement

of the hands. In general, the low cognitive load is

achieved through appropriate use of the context in-

formation. Thus for example instead of having the

user select a function from a complex hierarchy of

menus, the system should derive the two most likely

options from the context information and present the

user with a simple binary choice. In terms of the

actual input modality, simple, natural methods such

as nod of the head, a simple gesture, or spoken com-

mands are preferred.

3. Using context information the system should be

able to perform a wide range of tasks without any

user interaction at all. This includes system self-

configuration tasks as well as automatic retrieval, de-

livery, and recording of information that might be

relevant to the user in a specific situation. A triv-

ial example of a context-dependent reconfiguration

could be a mobile phone that automatically switches

off the ringer during a meeting.

4. The system must be seamlessly integrated in the out-

fit so that it neither interferes with the user’s physical

activity nor affects his appearance in any unpleasant

way. This means that unlike many conventional mo-

bile devices, it can be taken along nearly anywhere.

A trivial example of an existing device that adheres to the

above requirements is a modern hearing aid computer. It is

unobtrusive, useful during most of the day, requires hardly

any cognitive effort to operate, and by definition of its func-

tion, mediates the user’s perception of the real world. In

addition advanced devices are able to automatically adjust

the volume between noisy and quiet settings and even op-

timize the amplification mode to suit the situation such as

conversation or a concert.

In wearIT@work we address more advanced wearable sys-

tems. They can detect complex activities such as social
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interaction, or certain specific work related actions (e.g., in

maintenance) and use this information to deliver a variety

of services exactly tailored to the user needs in a given

situation.

3. Research approach

The research is based on the user centred design approach

as defined in ISO 13407 [5] (see Fig. 3). Based on scenario

definitions and discussions between the stakeholders of the

project and the application partners workplace studies were

performed on the site of the users to validate the scenarios.

In the next steps mock-up prototypes are developed and

evaluated again with all stakeholders at the user sites.

Fig. 3. Generic ISO 13407 compliant UCD process model.

The social computing factors are with wearable computers

similar to those of laptops and mobile phones. Assumed

wearable computers are provided by the organization to

the employees, they might be used beyond normal working

hours, beyond the physical borders of the organization, like

at home or beyond the organizational work context like for

private or public purposes not related to the employee’s

job. The results of these circumstances are many partially

interacting factors as those given in Fig. 4.

Fig. 4. Social computing factors map.

Aspects like self identity, privacy and security or group

identity need a clear understanding and negotiations by the

stakeholders for achieving a common understanding of the

implications and consequences of the use of a wearable

computing technology in a professional environment as ad-

dressed in the project.

4. Findings

Beside the application oriented interaction with the end

users of the project a lot of effort was put into a common

understanding of wearable computing (see above) and first

steps towards a common wearable computing platform and

framework.

A hardware platform consisting of a core wearable comput-

ing unit, input and output devices, general peripherals, and

Fig. 5. General wearIT@work architecture.

Fig. 6. Communication service module architecture.
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Fig. 7. General structure of the software framework.

Fig. 8. Service framework.

sensor and communication subsystems was defined. One of

the challenges is the necessity to provide the end-user with

a seamless access to heterogeneous networks. This reflects

the general wearIT@work architecture as shown in Fig. 5

as well as the communication service module architecture

as given in Fig. 6.

The idea of creating a common software framework based

on a common hardware platform is of great importance

from the perspective of the project as well as beyond. Only

in the case that wearIT@work will be successful with this

process a remarkable impact is achieved for the exploita-

tion of wearable computing solutions. In this case not only

the four domains addressed within the project application

but also other related application domains will benefit from

the result and in the case of the addressed standardization

push also the developers of devices, components and solu-

tions will be covered.

The general structure of the software framework covers be-

side a service registry and high level services also core

services like context awareness, communication, I/O, and

security (see Fig. 7). Beside these core services domain

specific services of the same structure exist. The idea is to

integrate services of common use within the application do-

mains of the project into the core services. The advantage

of this approach is that with increasing and/or changing

requirements the general structure remains valid. Figure 8

illustrates this fact; core and domain services can be made

available on different levels.
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Fig. 9. Context detection using sensors.

Context detection is one of the essential success factors

of wearable computing as mentioned above. Only in the

case of using sensors a context can be detected with high

reliability, and the cognitive load of the end-user can be

managed in a successful way. This is considered to be one

of the most scientifically challenging topics of the project.

Other challenges like the robustness required always outside

the lab in the real world are more relevant for producers

and developers of devices.

To master the context detection problem, a general approach

was discussed which is suitable for extension and adapta-

tion (see Fig. 9). It is foreseen to perform series of tests

with the end-users using existing sensor subsystems that

are still basically in a prototype stage. These end-user tests

are necessary to decide which further research and devel-

opment work on sensor subsystems is necessary to achieve

the performance accepted by the end-users.

5. Conclusion

In this paper the results of the first nine months of

wearIT@work were presented. There are still nearly four

years of research to be done and there are still many results

to be achieved, but the fundamental steps towards a user

centred design approach, a hardware framework and soft-

ware platform are done. With the creation of the Open

Wearable Computing Group [3] and the International Fo-

rum on Applied Wearable Computing [4] organized annu-

ally, a community building process in industry and science

has been initiated. It is the intention of the project and the

accompanying activities to understand the project as the

leverage for wearable computing, even if miniaturization

and low power computing devices as well as ubiquitous

wireless communication are still in an emerging stage to

provide the wide spectrum of innovative solutions which is

necessary to achieve wearable computing anytime, at any

place, and in any situation.
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