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Abstract:

This paper describes the NORMANS wearable computer-system and the industrial
project through which it was realized. The aim of the project was to test whether
commercially available off-the-shelf components (COTS) could be assembled for a fully-
functional wearable configuration that would meet the harsh demands of artic field-use.
This paper reflects on this process. It points to the notion of maintaining compatibility as
an important aspect of developing such systems, which war-rants further formalization.
Most significantly, it seems to be a property that may not come clearly out of traditional
requirements’ engineering or participatory de-sign. This paper should be considered a
first step towards extensively theorizing and implementing this concept in the supporting
‘innovation infrastructure’.
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1. Introduction

Wearable computing has tremendous potential to transform the way we work. The
creative and successful miniaturization of computers has made ubiquitous computing a
realistic possibility (Gellersen, Schmidt and Beigl 2002; Smailagic and Siewiorek 2002).
Deregulation of telecommunications, together with the compelling idea of convergence of
computer science, telecommunications and media, open up for wider deployment of such
solutions.

It is often assumed that it is certainly not an excuse that the technology is not yet
available, because in terms of hardware almost everything that we need is commercially
available off-the shelf (COTS) (Kortuem, Bauer and Segall 1999). However, users have
not extensively adopted wearable computers, and most projects never manage (or aim at)
building production quality systems.

This paper explores this problem by looking at an industrial case-study. It describes the
development of NORMANS, a complete example of a wearable system ranging from
clothing to computers. It was implemented mainly from commercial off-the shelf
components and, as it turned out, its success and failure can be explained with reference
to the surrounding, socio-technical innovation infrastructure.

2. Wearable computing

Wearable computing typically involves usage scenarios in which the human-computer
interface is “continuously worn” (Starner 2001). Such systems are generally envisaged as
comprising head-mounted displays, various-size keyboards attached to the body and
CPUs carried in rucksacks. More importantly, however, wearable computing should
blend seamlessly into the background as an:

“intelligent assistant that augments memory, intellect, creativity, communication and
physical senses and abilities (Starner 2001, p. 44).”

This means that it needs to be able to provide constant access to relevant data, represent
and react to context, and augment the perception and interaction of the user with the
environment. There is, intuitively, a great potential of wearable computing for many ‘in-
the-field’ applications. At the same time, responsive and physically-oriented tasks require
unhindered mobility (Rensing, Weststrate, Zavracky, Chandler, Nobel, Helfter, Kinsky,
Gold and Martin 2002). It should disappear into the background to let the user
concentrate 100% on the task at hand.

Unfortunately, however, one cannot easily optimise a wearable solution entirely in the
direction of supporting immersion, e.g., since, unavoidably, a host of practical problems
will have to be solved: Network capacity must be balanced against transmitter reach and
energy consumption, and regard-less; users will sooner or later find themselves in a
situation in which there is no network coverage (Starner 2001). The equipment may have
to be carried a long way and hardware is exposed to the vibrations, heat and sunlight of
outdoor circumstances (Thomas, Demczuk, Piekarski, Hep-worth and Gunther 1998).
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Creating an appealing and efficient interface is therefore always one of the biggest
challenges in wearable computing.

3. Research background and problem

Looking back, NORMANS was very much a success in terms of its functional
achievements. However, it did not succeed in pressing forward from its research setting.
The NORMANS system is (in this respect, even) a representative example of wearable
computing. In terms of its ambitions as a project contributing to support the next-
generation, land based soldier, moreover, this was not a singular project:

“There is no shortage of portable, yet potent information technologies to support mobile
Marines and sailors. (Murray 2001, p. 199).”

Whilst the projects described by Murray (Murray 2001) saw it as their role to exploit
“breakthrough” technologies originating from the commercial sector in military
applications, NORMANS addressed the problem (perhaps much more widely recognized
in wearable computing altogether) of rapidly getting to a stage in which usability testing
could realistically be carried out, using mainly commercially available off-the-shelf
components. However, we have found modest (to say the least) evidence of a COTS-
approach actually leading to faster deployment, even though “the technology is already
here”.

This problem was addressed using a set of empirically-founded research methodologies:
Participant observation and participatory design (similar to e.g., (Crabtree 1998)),
construction, field-studies and technical evaluation, and, finally, ethnographically-
inspired documentation studies (see e.g., (Silvermann 1993)).

Our findings indicate that one has to look more closely at the conceptual underpinnings
and the methodological approaches to developing wearable computer-systems. Most
importantly, the systematic work of maintaining the compatibility between components
(COTYS) or otherwise, in a highly innovative and experimental systems development
environment, requires meticulous care. Having established this requirement, in future
research we aim to reason more precisely about this type of compatibility within an
innovation infrastructure for wearable computing.

4, The system

The aim of the NORMANS project was to contribute to develop, evaluate and
recommend a fully integrated tactical system that could enable modern combat operations,
even in an arctic environment. Emphasis was very much on a “small units’ scenario”, in
which every soldier will have to carry their own equipment and supplies. The overall idea
was to provide every member of a squad (which is, in this context, a unit of 10-12
soldiers) with a lightweight wearable computer system that included location and
communication services.
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Given these requirements, the computers themselves had to be integrated into the uniform,
in order to make them easy to carry and blend into the working environment of the
soldier. The unit would not have a traditional display, except for the squad leader who
might need to be carrying an additional PDA (Personal Digital Assistant) with
administrative software (e.g., for route planning). Instead a visual interface would have to
be overlaid in the sights of the weapon system, or, indeed have head-mounted display for
the interface, e.g., overlaid in the visor or separately in a pair of glasses.

Summarizing briefly, the wearable components of the NORMANS implementation were:

. A new composite helmet with an integrated drinking system and improved
ventilation.

. A new uniform with better functionality and protection against ABC (Atomic,
Bacteriological and Chemical attacks).

. Improved camouflage patterns and climatic as well as laser- and electromagnetic-
attack protection.

. Better and lighter ballistic protection (bullet-proof west).
The project’s main hardware components were:

. Optical sights for the weapon.

. A controller pad mounted on front grip of the weapon, as well as one attached on

the harness.

. A Global Positioning System (GPS).

. Multiple CPUs (at the time, typically, StrongARM 203 Mhz) connected through
USB.

. A WLAN 802.11b (modified to broadcast in UHF), as well as an “ordinary”
multi-role radio (long range).

Fig. 1. NORMANS “wearables”, with the administrative PDA.
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The project’s main software component was an electronic map system, fully integrated
with the GPS. It included:

. A TCP-based communication system.

. An inter-squad IP-radio across modified 802.11b WLAN.

. A distributed location system based on UTM (Universal Transverse Mercator)
coordinates, showing every members position. Locations were overlaid on the
map.

. Route planning systems, to show the squad members the intended path (as a line

on the map). Routes are overlaid on the map. One example is shown in figure 2
below, which shows the route planning component user interface, with position
indicators for the squad.

. A reference system showing other units in the landscape. This software subsystem
aimed to ensure compatibility with the units of other collaborating forces, since it
follows a NATO standard notation. Everything was overlaid on a satellite photo.

The NORMANS system addresses many of the core research questions from ubiquitous
computing and CSCW (Computer-Supported Cooperative Work), typically related to the
situational awareness of the user: Where am | (physically as well as in terms of the flow
of work)? Can I find out where my friends are and what do they do now? How can we
coordinate our work and use plans efficiently? Etc.

Fig. 2. The route planning component

Moreover, NORMANS offered incorporated communication support, via the IP-radio and
connection through a multi-role, long-range radio back to the headquarters.
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The full integration of the wearable computer system’s display in the weapon system’s
sights, and thus, the support for target acquisition and reporting was never finished.
Experiments were carried out, but not fully implemented, of integrated magneto-
acoustical ground sensors with the system.

Multiple field trials were carried out, and many observers judged that in terms of the
functionality that NORMANS offered, it would have to be termed a success. The
following section summarizes the most important experiences.

5. Project experiences

The project comprised approximately 10 industrial partners, with responsibilities ranging
from clothing to computers. It had a clear philosophy towards using commercially-
available components to the extent that it was at all possible. Technical development was
supposed to take place for applications and communication systems, mainly; it was
intended to test the concept of wearable computing rather than to develop new hardware.

Simplicity and smoothness of in-field operation was emphasized from the very beginning.
The result was that the ‘man-machine interface’ of the system was implemented in
dedicated hardware, based on some of the project members’ previous military experience.
It was conceived as two very simple control pads; one 4-button set in the harness and
another identical set in the front-grip of the weapon system. The users found the control
pads robust, silent and easy to use for simple operations, such as stopping and starting the
system, as well as controlling radio and map application “output” functionality (toggling
backlights and zoom). The evaluation in use was very encouraging.

One COTS PDA had been modified to use a simple, proprietary mono-chromatic display
instead of the standard touch-screen. It was sufficient to display positions from the GPS;
however, on a technical level, compatibility with hardware was an issue throughout the
project, which had to implement device drivers for each new combination of hardware.
Replacing hardware as specifications evolved was a central issue in the software
development project. Albeit simple in conceptual terms it is inevitably a real challenge in
developing this class of systems to anticipate, specify and verify purely technical
compatibility.

Route planning required more advanced input mechanisms and is even more deeply
integrated into the strategic military organization. The former made it necessary to
implement a separate administrative interface. For this, in contrast to the proprietary
monochromatic display, the project used a COTS HP iPag. It did not work as well as
hoped. The administrative PDA was connected to the “display-less” wearable PDA
directly via USB (Universal Serial Bus), and that turned out to be unstable. The device
driver might have been unsuitable, but it is also a possibility of the COTS equipment not
working properly in relatively low temperatures.

Perhaps more problematic still, this design assumes naively that it will be possible to
switch between two entirely separate modes of work-in-the-field for the squad leader. In
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practice, the “state of affairs” is likely to change too fast and escalate continually (rather
than discretely) from an administrative into an operative situation, not to mention the fact
that in battle the squad leader may become incapacitated. Thus, ensuring compatibility
between i) different stages in dynamically evolving use situations and ii) multifarious
interfaces, seems to be an important non-functional requirement. Soldiers enjoyed having
status information about themselves and their system on their own display, which may be
a related issue. System status is usually considered much more administrative than
operational. However, in field operations, knowing, e.g., the amount of power left on the
battery soon becomes operational information.

On the macro level, compatibility with outside CCIS (Command and Control information
System) turned out to be important, and will have to be supported in future versions.

Fig. 3. Realistic evaluation

For each squad member, the WLAN-based IP-radio, i.e., the speech interface was most
crucial. Well known from the HCI (Human-Computer Interaction) and CSCW research
fields, clear and timely voice is essential to communication (Tang 1992). Users expected
the WLAN-based radio to furnish enormous advantages in terms of improving efficiency
on the battlefield. Due to the computational capabilities of digital audio (e.g., noise
cancellation algorithms), it was thought, intuitively, that the performance of this
infrastructure would be better than that of analogue radio, for in-stance with respect to
being able to handle variable-dB voice input. This was not implemented, however, and
therefore the voice codec was just as poorly dealing with shouting and whispering as
traditional radio. In addition, there was a slight delay of compression and transmission
that users were not accustomed to. Therefore, the first part (a word or two) of commands
often disappeared, which of course was not satisfactory.

Transmission of radio and voice signals in built-up areas was difficult. The project
engineers attempted to modify the WLAN-hardware to broad-cast in a lower-frequency
band instead, in order to gain reach and save battery-consumption with a UHF-WLAN.
This did not fit well with the firm-ware of the cards, however, and it was suspected that
the collision detection algorithms had been optimized to the 11 megabit/second band-
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width of the original of 2.4GHz connection. This was not verified by us; however, it
shows clearly the importance of compatibility between firm-ware, hardware and software
and the depth and nuances of the concept since it clearly goes beyond was is simply
working: Compatibility needs to signify that components work well together with the
context of user expectations and use situation constraints.

The data interface of the IP-radio worked well, and data payload as well as control
information flowed freely across the modified UHF WLAN. The data interface between
the IP-radio and the long range radio remained incompatible, however. It only
sporadically managed to transmit data. It was believed that the USB-based connection
between them was to blame, but other explanations (such as the TCP/IP ‘slowstart’
algorithm vs. the projects proprietary communication module) are also possible.

6. Results

Looking back at the case of NORMANS, we find that many of the challenges undertaken
in the project can be related to a notion of maintaining compatibility, a few examples of
which are shown in the table below:

Table 1. Some examples of (in)compatibility break-downs in the project

Situation Incompatibility
Technical integration of COTS Between OS (operating systems), OS
components versions, device drivers and physical

links, and between programmable and
non-programmable devices

Network management Collision detection of WLAN hardware
incompatible with UHF-modification
Microphone technology itself could not No match between hardware
handle whispering and shouting (microphone) and noise cancellation in
software
Digital radio not “always better” than ~ User expectations not clearly expressed
analogue in requirements
Cabled connection erroneous Problems with TCP/IP across USB?
Stage-wise incompatibility of user The rapid and continuous change of
scenarios operations from “soldiering” to
administration
International collaboration Symbolic and graphical information

have to be exchanged between systems
from various NATO-countries
Command-and-control Lack of integration with higher-echelon
CCIS-systems

Such problems have to be seen as inevitable. The project aimed to develop highly
sophisticated innovation systems and therefore one could not foresee all requirements,
consequences and user responses to the choice of hardware or software solutions. At the
same time, such problems are sometimes fatal to the innovation of such technologies.
Since we are (usually) trying to be ground-breaking—not only in terms of technology,
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but also in user-functionality—we cannot expect that the budgets (of money, human
resources and systemic ‘patience’) to be unlimited. Therefore, a systematic approach to
resolving compatibility problems and the continuance of solutions should have a high
priority in such projects. In further research, we shall look at how such phenomena can be
more precisely modelled and reasoned about.

7. Discussion

For many reasons, army settings have been ripe with ideas and examples of wearable
computing for soldiers and sailors. It clearly represents a line of work in which
interaction is already augmented with advanced instruments and tools for communication,
planning, monitoring, etc, so people are used to advanced technology. Moreover, soldiers
usually have to carry their own gear and sometimes they end up in situations which
definitely do not allow any “office style” interaction with their computers. Developing
such systems, however, is far from trivial.

The NORMANS project experienced challenges with respect to packet loss and collisions
as well as integration with the multi-role long-rang radio (data transmission was not
achieved). This is exactly similar to what Zieniewicz et al. describes for the LandWarrior
system (Zieniewicz, John-son, Wong and Flatt 2002), the current version of which
comprises multiple integrated subsystems. The importance of integration into the wider
communication system is clearly recognized, as the US army already plans to issue a
multi-role radio that is interoperable with the higher-echelon radios of larger units.

Davies and Gellersen summarize landmark research in wearable computing and identify
many new areas of research, especially linked to the complicated deployment of such
systems “beyond the laboratory” (Davies and Gellersen 2002). They point to aspects such
as creating an open distributed environment for ubiquitous computing, with support for
adaptation and dynamic reconfiguration (e.g., through reflective middleware platforms)
and the need for very low-overhead system management, which is exacerbated by the
need to support mobility beyond single administrative domains. Another research topic
pointed to in their paper is whether or not it is possible to proactively and dynamically
reassign system components to user tasks in anticipation of their needs as and when they
partake in new activities, which is similar to our findings regarding the stage-wise
evolution of user scenarios.

On a tangent, of course, one has to realize that price sensitivity for most ‘wearable’ (or
otherwise radically innovative) applications most likely will be relatively high, whilst
allowances for such development continue to be moderate. Thus, deployment techniques
must take into account rather restricted business models. Finger et al. describe how it is
particularly important and difficult in ubiquitous and wearable computing to prototype
rapidly and cost-effectively (Finger, Terk, Subrahamanian, Kasa-bach, Prinz, Siewiorek,
Smailagic, Stivoric and Weiss 1996). Our work in the NORMANS project clearly
resonates with the work at CMU. We believe that properly managing compatibility issues
will definitely be one way of achieving exactly the combination of reasonable costs with
fast deployment and realistic user testing.
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8. Conclusion

Based on the industrial case study of the NORMANS project, we can safely say that
wearable computing (just like any other broadly scoped ubiquitous, networked system)
will encounter some serious challenges. There will be shortcomings of technology,
misunderstandings of requirements and defects in code. Thus, the technical artefacts that
we can offer will not be perfect the first time around.

The project that we studied ended up concluding that even the selected set of COTS did
not live up to the standards required for arctic operation by soldiers in the field. Much of
the hardware needed to be improved, re-placed or designed and implemented from
scratch. Some of it did not work in the cold. This is something that one has to expect in a
challenging environment.

At the same time, user will not forever accept to receive and test cumbersome and error-
prone wearable computing systems, for which they can see no immediate useful usage.
This is probably always the case to some extent for particularly innovative systems and
therefore it becomes especially noticeable for wearable computing. One can hardly
expect to be al-lowed to develop everything from scratch, and therefore COTS
components will have to be somehow effectively embedded. This represents, on the other
hand, a tremendous integration task, which will run throughout the entire life-cycle of a
project.

Therefore we propose to conceive this class of systems as running on top of an innovation
infrastructure, of which the *“first property” is that it meets a set of compatibility
requirements. These requirements are non-functional and intractable in terms of eliciting
them using tradition systems development methods. It would be a great advantage for
innovative projects if such ‘compatibility management’ could be built into the infra-
structure in the future.
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