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ABSTRACT

This paper challenges useérterface paradigm$or mobile
devices, byusing thetechnical classification odugmented
reality interfaces as &bhinking tool’ to develop ideas for
interaction with mobiledevices.The paper presentsfuture
work scenarios from awastewater treatment plant
embodying PDA applications derived from the classification
of augmentedreality interfaces. The focus on physical
interaction with objects of work and with the mobdevice
provides us with a range of interaction stylbased ore.g.
gesturesand manipulation of objects. Furthermore, issues
of transparencyand directness areaddressed.The future
scenarios indicatéhat the concepts odugmented reality
support solving context problems in mobile design.

Keywords
Thinking tools, augmentedreality,
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INTRODUCTION

It is widely acknowledged in theld of mobile computing
that there is a need for new interactimaradigmg5, 7, 12,
9]. Solving this problenrequiresinsights from abroad
range ofdisciplines, includingdistributed systems, HCI,

mobile computing,

In a work-orientederminology [4, 14], augmentation can
be understood as laasic feature ofhuman action in the
sense that human action alwaysnisdiated byhistorically
developed artefacts which are invisible during use.
Augmentationand augmentedreality can be seen as a
general attitude talesign,realisedthrough refinement of
mediating artefacts, acknowledgingthe historical
crystallisation of work into successive generations of
artefacts [1, 2].

Mackay [10] introduces augmented reality as a classification
of three technical approaches to design of interactive
devices,spanning a continuum dechnical substrates for
mixed environments: augmenting the user, the physical
object and the environment(see Table 1 below). These
strategiesdescribe the technical locus of thenterface
assuming the analytical separation of function and
interaction in the computer artefact. From therk-oriented
point of view, introducing a new artefact is always a matter
of augmenting the acting subject.

In this paper, we explore nenterfaceprinciples forsmall
mobile devicesderived from the concept of augmented
reality interfaces. We use the concept as a tootivergent

CSCW and participatory design [5]. Established concepts inthinking, in line with the use of metaphors participatory

desktopcomputingare not scaleable E.g., the concept of
direct manipulation that historically hasrved agthe main
vehicle forunderstandinghe graphical workstation is not
applicable in thedesign ofsmall mobiledevices[9]. This
difficulty is due to the tunnel visioimposedby, otherwise
valuable, established culturalorms like the desktop
metaphor, the workstation concept, and the gertknaking

in terms of database access.

Augmentedreality is anapproach toinformation systems
designaugmenting physical objecisstead of replacing or
representinghem by purely computdrasedsystems. The
argument is that non-computdvased artefacts in the
workplace often mediatework in subtle ways that are
impossible to transfer to new computesed artefactd 0].
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design [11], and springboards in developmental work
research [6]. By definition, the concept of augmented reality
cannot be applied to small mobilievices;thus weabstract
defining featuresfrom the three directions inaugmented
reality interfacesandapply them in thedifferent technical
setting. Subsequently, the principles argher investigated
through future scenarios d®DA support forwastewater
treatment work built on thaugmentedeality classification
transformed to small mobile interfaces.

AUGMENTED REALITY IN A PDA

In applying theconcept of augmenteeality as a thinking
tool for the design of mobile artefacts, the sped#ihnical
substrates in whichaugmented reality interfaces are
implementedare bracketedut. What we hold on to is the
principle of interaction with or through physical objects
(alreadyexisting) in the work setting. Below, wexplore
the three directions inugmentedeality interfacesdescribed
by Mackay [10]. We use this classification talevelop
metaphors for mobile applicationsot based onthe idea
that the PDA is miniature workstation.



Augment Approach

Technology

Application

User Wear devices on the body

fielmets Goggles Data
gloves

Medicine,
Field service, Presentation$

Physical Object Embed devices in objects

Intelligent bricks, Sensors,
receptors, GPS, electronic

paper

Education,
office facilities, Positioning

Environment surrounding
objects and users

Prgect imajes and record
remotely

Video cameras, Scanners,
Graphics tablets, Bar code

Office work, Film-making,
Construction, Architecture

readers, Video projectors.

Table 1. Examples of augmented reality interfaces, with relevantechnologies
from Mackay 1998).

and applications (adopted

Augmenting the user Becausdhe PDAbecomesmbeddedn, or rather attached
The strategy of augmenting the user means that thdo, the object, theconnection betweethe PDA and the
interface tothe computer system iattached tahe user as  object is visible and direct.

e.g. VR helmets, goggles odata gloves. When
implemented in aPDA, this strategy istransformed to
applicationswherethe PDA is physicallyattached to the
user (possiblyhandheld). ThePDA functions as "glasses"
extendingthe usersperceptualcapabilities in (into) the
domain (work object)and as'gloves" extendingthe users
capabilities in acting onto the domainteraction may be
carried out through gestures performed holding the PDA.

The augmenting the objeapproach taPDA designcould
lead to applications resembling the helgnd guidance
system in  many modern photocopiers. When a
compartment is open, the display on twpier indicates
which oneandpoints to its physical location. lcase of a
paperjam, the computer systeguidesthe user through a
sequence of physical actions triggered by the user
manipulating e.g. hatches in different areas of the machine.

Becausethe PDA acts as an extension to the user, theanother approach based @ugmenting the objeaould be
connection betweeRDA andobject is hidden andndirect. to take theidea ofaugmented papé0] to theextreme by
Within this strategy, we may include context speaiicess  simply substituting existingiotepadswith a PDA based

to a more general information system. application. Obviously, this is not augmented reality in any
The augmenting the usapproach toPDA design could strict sense of the concept.
lead to applications resembling avell-designed remote
control for a TVset. The remote control is in the TV
viewing situation a transparent, almost invisibdgtension
of the viewer. Theviewer manipulates the TV-sdirectly
through gestures with the remote control.
direct manipulation is obtained through the layout and
shapes of the buttons.

Augmenting the environment

The strategy of augmenting the environment means that the
interface to the computer system iembedded in the

: environment surrounding userand objects, projecting
This sense Ofinagesand recording remotely. When implemented in a
PDA, this strategy is transformed to applicatiovigere the
PDA is provisionally placed inthe environment of the
Another existing example is the way wireless controls of work situation. Interaction with the PDA (or thewider
lifts are attached to the worker operating the machine from anformation system) igarriedout through manipulation of
distance. the physical objects thatare tracked, by means of
technologies in a continuum frorbar code readers to

Augmenting the object L e Sy
The strategy of augmenting the object means that thecameraswnh image recognition build into the PDA, and

interface to the computer system is attached tendredded through projecting information Qnto the objep t Fpr the
in the object. When implemented in a PDA, this strategy islatter, a lot ofdevelopm.en.t obasic technology |$eqU|_red
transformed to applications where the PDA is provisionally ~ @ithough more realistic, low cost solutioase being
attached tothe object. Interactiomith the PDA (or the developed, &.g. the Gesture Laser [15].

wider information system) is carried out through Because both user action and objects have tivabked, and
manipulation of the physical object to which the PDA is images ideally should be projected onto objects, this
attached, and through showing information on the object bystrategy is the most demanding to implement.

way of the PDA displayThus, the PDA augmenting the The augmenting the environmeaytproach taPDA design
object, turns the physical object into an interactit@vice could lead to applications resembling the set-up at
and atthe same time makes the object maceessible for  \\orkstation at an assembly line, where

the user. mechanical/electronic devicese assembledSuch devices



typically consist of a number gfrinted circuits, connectors ~ team of blacksmiths' wasalled in tofix the problem. As
andshielding. The assembly idone by hand and requires part of the repair, it wasecessary to operathe winch.
different electronic circuits depending ¢ime type ofdevice. The winch motor was, however, only controllable from a
At a specific workstation for assembling flow meters we terminal in the central control room. Thus, the smith had to
have seen that, to aid the assemfycedure, each primary make a telephone call to theentral control room which,
component (not including screws, bol@and nuts) is incidentally, was occupied by a worker, and ask him to start
equippedwith a bar codewhich must beenteredinto the the motor. Unfortunately, thikad no effect orthe motor.
computer responsible for testing the assembled product. Th&he worker in the control roomsuspected a failure in the
assemblyprocedurecannot be completedntil all primary process controbystemand calledthe foreman, who was
components have beesnteredinto the system,and the working outside the plant thakay, tolet him knowabout
computer clearly indicates Wfrong components havieeen the problem with the system. THereman explainedhat
scanned. In &ense, the computer is tracking the physical the winch usually gets stuck if it gets into one of the

objectsrequiredfor a specific flow meteandeventhough, extreme positions. He asked the worker to tell the smith to
it has nodirect, online connection to the componengsg. call him on thetelephone so that heould guide him
through sensors. through releasing the wire. Theorker in the control room

was now waiting for the smith to calhdtell him to start
the motor again, but nothingappeneduntil the smith
called toinform him that he wasdlonewith the repair. In
addition to the information on how to unblock the wire, the
foremanhad explained tothe smith how to short circuit a
few cables in the motor to bypass ttentralcontrol of the
motor locally.

EXPLORING THE THREE STRATEGIES

During the past year, waave beerengaged in astudy of
wastewater treatment plant#/astewatetreatment is a low
risk process runningontinuouslyday andnight. Work in

the plant is distributed to degreewhere it seems to go on
elsewhere, no mattevhereyou look. People working on
the planthavetwo general modes ofelating to the plant
andthe process. Totallynediated,.e. through theprocess
control system or totalljunmediated, bylooking at and
smelling the water. Thevorkers donot seem tohave one
favourite tool; e.g. illustrated by one of the workers making
a sludgesample in ausedplastic glove and stirring the
sample with a pen. For a modetaileddescription of the P

project and the study, see (Bertelsen & Nielsen 1999). ____‘___,..._.-—--"-""_ R

In order to develop furtherthe interface principles derived : TE— g
from the conceptsind classification ofaugmentedeality, /___,_.-—J —————
we develop scenariofor support of situations in the

wastewatertreatment plant. Thescenariosare based on
applications for a standard PDA, in thdase a3Com Palm
PilotOd IIx.

Additional features to bbuilt into the PDAare held to a
minimum and are agar aspossible taken to be theame
across the future scenarios. That is to emphasise our focusigure 1: Blacksmith fixing a broken wire in a
namely the new interaction principles for the Plather  clarifier tank

than futuristic gadgetry. Thus the way the PDA is By centralising and co-ordinating control of individual
interfacingwith the environment is limited to thstandard component, the process Contrdystem ensures that
infra red port, a bacode reader, a standazelll phoneand a  interdependencies ameot violated. Mobile control is a
modem. highly problematicpossibility to integrateinto a process
Augmenting the user control system in that it may violate the purpose of having
In implementing the principle of augmenting the user in a & Procesontrol. However, thesituation with thebroken
PDA supporting work in avastewatetreatment plant, we  Wire illustrates the dilemma inherenwith centralised
take the simple approach of the remote control. We use on&ontrol. Either the smitlwould be onthe telephonewith

of the morepeculiar situations weobserved inour field ~ Somebody in the control room (which is what happeves
study, arepair situation, as ourexample/template to andover again inall the wastewatertreatment plants our
illustrate and develop the approach. collagesand we have studied), or he would "hack" the

control system, whichwould be a potential security
problem. Thechallenge is to find aolution that maintain
the consistencyand security of local control, without

The situation was @&ase ofsimple repair work. A wire
operating thescrapers inone of theclarifier tanks was
broken, causing the tank to shddwn automatically. A



imposing cumbersome procedures timatites theoperators ~ Augmenting the object

to bypass parts of the system. In implementing the principle of augmenting the object in
a PDA application supporting work in aastewater
treatment plant weleveloptwo future scenarios. The first
scenario isbased orthe photocopier example above in the
sense that it supplies local displagdcontrol, thesecond

is based on the concept of augmented paper.

This challenge is addressed tye following futurescenario
with a PDA-applicatiorbased orthe augmenting theiser
strategy. Thé'standardPDA" is extendedwith a bar code
reader and anodem forthe cellular telephone thamith is
carrying anyway. During repair of the wire, when #mith
needs tooperatethe winch hereadsthe bar code on the  Local display and control

winch andcalls up the process contreystem through the  The first future scenario build on the augmenting dbgct
telephone. Together with the identification of theticular strategy isderived from the photocopier contratlisplay
component, the smith is working with the PDgends example above. laddresseshe lack of local display and
identification of the smith. Thus, theprocess control control in newer generations of frequency converters

system has infprmation enough determinewhich kind of A wastewatertreatment plant isequipped with a large
accessthe smith needs tothe component. Therocess  ,mper ofelectrical motors most of whictare driven by
control system returns a list of the parameters the smith CaQternating current. To regulathe speed ofsuch a motor

access, in thease ofthe winch, start, stopreyerse and e frequency ofthe power supply must beregulated by
frequency ofthe motor,and it suggest a binding of the 044 of a frequency converter.

parameters to standard Px&y. Now, the smitlcanstart,
stop and reversethe motor through theup/down scroll
button on his own PDA. The overall system consistency is
maintained byonly letting the smith control locallyask
and location specific parameters.

This application augments the smith in interactimgctly
with the motor in a gesturelike fashion. In theork-
orientedterminologyintroducedabove, this means that the
PDA is handled through unconscioasitomated operations
(scrolling up and down).

It transcendghe local control versus systewopnsistency
problem by letting the user interaditectly onthe relevant
component through his own interactiaievice, but still
letting the process controlsystem inhibit dangerous
violations of interdependencies in the system.

The PDAscreenshown in figure 2 idesignedor a Palm
Pilot. However, an implementation with WAP technology,

. Figure 3: An array of frequency converters
would probably prove even more suitable. g y d y

Contrary to the newer models, older frequency converters are
often equippedwith a small display and controls for
operating it directly. The lack of local control and display in
the newer models is not a problem; in most situations, it is
controlled from a processontrol systemHowever, in the
occasional situations  of breakdown, calibration,
maintenance, etc., local control of the unit is needed.

This occasional access ftirectoperation of thefrequency

converter can be obtainedith a PDA basedapplication

augmenting the object, in thisasethe frequency converter
(see figure 4).

The wastewater worker @he external specialistvho needs
local control of the frequency converter reads the bar code on
the unit and attach the PDandcell phone to théousing.
Now, the PDA calls up the process consgstem through
Figure 2: Display from a PDA application based the cell telephone moderand "negotiates" the amount of
on the augmenting the user strategy control of the frequency converter that canddeen locally.
Upon initialisation, the controls on theew PDA-based




local interfaceconsist of the subset of controlver the
frequency converter it makes sense to havéocally,
depending orwho the persoiis, which dependencies there
are inthe actual state of thelant, and the purpose of
working on the PDA. Some of these aspects may baea
decided beforehand and enteredito the process control
system centrally.

The frequencyconverter is augmentedlith the interface of
the PDA thatduring the situationbecomes a part of the
componentrather than a personal digitahssistant. The
advantage othis scenario ovethe direct local control is
that dependencies in tipdant are not violated bythe users'
local control. In general, mobile control pfocess control
systems isconsideredproblematic. In this scenario, the
dangers are avoidethrough strong context specificity of
control. The cost of thescenario islow because the
wastewatertreatment plant is extensivelwired to the
process control system.

based
of the

Figure 4: Display from a PDA application
on the local display and control version
augmenting the object strategy

Augmented paper

The second future scenarioexploring the principle of
augmenting the object as a principle in PDA support for
wastewatertreatment work isbased onthe concept of
augmented paper.

Each day, one of the workemsadsthe metergelated to the
production of electricity at thplant. Theworker notes the
numbers on a protocol sheet, take all the numbers to a not
pad on aable performs some calculatioremd writes the
numbers in gaper recordrinally, hecarriessome of the
numbers on ascrap of paper tothe housewhere the
computer islocated; there henputs data tothe process
control system.

Our study of wastewatertreatment work indicated the
importance of several hand-written papecordsfor test
results as well as for the gasd electricity production.

These recordshowever, were also input to theProcess
control systemandthereforethe object of rewriting two or
three times. This led to discussions of whether the rewriting
was anecessanevil caused bythe lack of technological
support orwhether it in factserved other purposes than
simply transferring the numbers from one medium to
another. To test this hypothesis, wamplemented a
prototype for anaugmented paperecord based on the
CrossPad technology. The CrossPad tra@ined toread and
recognisethe hand-writtenrecord andpropagate/transfer it
the computer system. We set upseenario where the
CrossPadserved as anobile link betweenthe meters and
the Process control system, rendering the rewriting obsolete
but retaining thepaper recordWhen we presentedthis
solution to workers and managers atthe wastewater
treatment plant, it was refused. To them, there was no point
in hanging on to thepaperrecords if it was possible to
solve the authentication issue in another way. Furthermore,
they didnot believe that rewriting numbeguaranteedhat
workers actually think about the numbers.

Figure 5: Wastewater
meters

operator reading the gas

The radical application, based on the augmentingkject
strategy, of support foreadingthe electricity production
relatedmeters eliminates théormer object and replaces it
with the PDA. In the meter-room, ttveorker readsthe bar
code onthe deskfor the PDA to invoke the electricity and
gas production record. As he redabls meters, he writes the
feading onthe number-pad onthe PDA screen. Upon
reading the meters, the PDAcalculate the results and
present the worker with the results together with the results
from the previouglay. The worker leaveshe meter-room
and goes to theentralcontrol roomwhere he'beams” the
results into the process contlstem by way of thanfra
red port build into the PDA. This applicati@ould as well
be classified as augmenting the user.



The PDA would ideally have a nhumbleeypad,but for the
sake of consistency across examples, we keip the
standard PDA (see figure 6)gain, a WAPbased approach
is an elegant alternative.

based
of the

Figure 6: Display from a PDA application
on the local augmented paper version
augmenting the object strategy

Augmenting the environment

In implementing the principle of augmenting the
environment in a PDA supporting work in veastewater
treatment plant, we take the simplgpproach of the

time. One of thefrequent tasks is the cleaning and
adjustment of spark plugs in the motor.

Figure 7: The gas motors

The principle of augmenting the environment through the
PDA may be implemented taid this assignment in the
following manner. Thevastewatetreatmentworker enters
the areawith the gas motorsand starts theprocedure by
turning off the relevant motor manually. He then scans the
bar code onthe motor with his PDA,connects to the

assembly station, and use it as the basis for the design of affocess controsystem through the mobile phomttached

automatic, context sensitive on-line manual.
A wastewatertreatment plant is a complekechnical

system. Becoming familiar with the technical system is not

done overnight but is ayearlong learning process. The
scope of the task haseen veryaptly put by one of the
unskilled workers at the studied wastewater treatment plant:

"I have been working otthis plantfor four yearsand am
starting to ‘know’ the plant, but I think it willake another
two years before know it well enough —-whereall the
machines are, etc. For example, Wave pipes running
through this building and they are normally working fine so
you can basically work here for yearswithout knowing
there’s a (throttle) valve up thefpointing]" (..) You never
find out before something happens (..) We wonkith
50.000 components — yalon't learnabout them oryour
first day”.

One of the responsibilities dhis specific worker is to
mind an array of motors producing electricityfrom gas
producedfrom sludge inthe plant.Maintenance othe gas
motors is divided between workers atthe plant, the
municipal blacksmittdepartmentandtechnicians from the
manufacturer. Minor repair and maintenance taskrmed
by one of the unskilledvorkersare coordinateavith major
repair, inspection and maintenance oider to reduce down

to it and checks on itthat the shutdown has been
acknowledgedhere. He places theDA on a shelf next to
the motor so the display iwisible from his current
position. The PDAdisplays a simple blueprint-type
drawing ofthe motor, highlighting the front panedind a
short textual description of how to remove(see figure 8).
After having removedthe front panel he rungs bar code
past thescanner orthe PDA; thedisplay changes to show
the next step of the disassemplpcedure. Irthis manner,
he works hisway into the motor to the sparglugs. The
PDA presents instructions in whiabrder to remove and
replace the spark plugs, triggered by scanningrttieidual
units. He thenacknowledges orthe PDA that nomore
motor components willneed replacement,and is now
guidedthrough theprocedure ofreassemblingt, scanning
the components in reverse order. For ussggeriencedvith
a specific type of motoandtask, the online manuakrves
only as a peripheral guide with the purpose of makimg
the relevant motor componentsare removed and (in
particular) re-inserted-or novice users, the onlinmanual
may serve as acomponent specific, contexdependent
learning guide.

This future scenaridllustrates how we may support the
vast learning task involved in maintaining the multitude of
components in thisvired wildernessthrough externalising
the relevant information through the PDA.



A far more elegant solution, but far from realistic today, for obvious problem because outside interactigih a control
this application would be tembed a camemaith effective systemcan have dangerous effectsd because itrequires
pattern recognitionfeatures toseamlessly do what the access to the control system software.

worker in the example has to do blgand andbar code

Using the concept of augmentatiandthe classification of
reader.

augmentedreality interfaces as ahinking tool gave us
several advantagellsing theaugmentedeality principles
as thinking toolssparkedour imaginationand atthe some
time steered us clear of pure science fiction.

Initially, the concept "augmentedeality” seemed to be
impossible to apply in PDA design; seemedhat a PDA
application would alwaysend up being based on the
"augmenting the user" class of interfacd@his apparent
impossibility turned out to be an importansource of
creativity. Thistechnique is generallgpplicable. That is,
when established design principles impose tunnel vision on
designers,proceed by selecting technical concepts that
obviously not fit thedesignproblem,andthen structuring
the new solutions according to the misfit concepts.

We saw that the classification ofugmented reality
interfacesseemed toblur when applied to PDA design.
However, taking the second scenario as an example, even if
the PDA based recordooks like an augmentation of the
user the design is still based on automatindaugmenting

the paperbased recordThis seeming confusion idue to
r"f}ugmented reality being a pragmatic technical classification
of a class of interfaces technologies.

Figure 8: Display from a PDA application based
on the augmenting the environment strategy

DISCUSSION

We have presented future scenarios for wastewater treatme
work with PDA applicationsdeveloped by using the
technical classification chugmentedeality interfaces as a
thinking tool. The applications in thesscenarios are
designed for a standard POektendedwith a bar codereader
and amodem for a cellulatelephone. Thus, wkavebeen
emphasising solutions thatan be implementedvith
limited resources today. The use of bar codetumsy, but
has the advantage of being cheagd making thechoice of
context totally explicit. In thisespect, our contribution is
in radical contrast to achievementike the Cy-Phone,
which is an all-purpose persortabl based onPico Cells
[13]. Our future scenariogddresssome of the specifics of
wastewater treatment workhe distributedness, thmumber
of differentcomponent thavorkers have todeal with, the
wired wilderness enablinmost of the designs. In a setting
with a lower degree ofinterdependency antwiredness”, figdling with his little pen on hipersonal foursquareinch
PDA support might belifferent. Howeverthe principle of  pad. Through our future scenarios, lroader range of
designing PDA applications as augmentation of the userpnysical postures in interaction with a PR#nergedhand
physical objects or the environment is likely to be \yaying, writing, walking around, etc. The original
applicable in a broader context. formulation of augmented reality was primarily a concept of

Focussing on interaction with physical objects in weork
setting provided us with speciflioundaries tovork within
and thus became an effective guide in decidimghat to
include in each of the PDA applications. Thus, tbacepts
of augmentedreality worked as atool for handling the
context problem. Most of the informatiand control made
accessiblevith the suggestedPDA applications ispresent
in the existing process control system. The strong focus on
interaction with physical objects around the pldmyever,
helped in specifying actual physicahd situationalcontext
for the applications in the future scenarios.

The threedifferent strategies of augmenting the user the
object and the environmentenabled us to transcend the
image of interaction with a PDA as the users introvert

The applications in the four future scenariogve been
developedinto horizontal prototypes, i.escreenlayouts
with no underlying functionality. In general horizontal

prototypesand mock-ups are suitable means of testing

interface technology, the way we hawged it inthis paper
turns it into an interaction style concept. Thasgmented
reality may be abstracted into interaction concept
independent of the concrete technical substrate of

design ideas with users. However, in this particular case, wémplementation.

believe that some amount of functionaliyd integration
with the process controsystem isneededinvestigateinto

As stated inthe introduction,direct manipulation as a
general useinterface principle falls short in relation to

the ideas beyondhe level waving our arms. This is an mgpjle devices. In particulathe lack of screen space



inhibits detailed representation of the object of work at the
screen. BasingPDA design on concepts oaugmented
reality interfaces, forced us to think beyond direct
manipulation; it simplydoesnot make sense toepresent
the object of work naturalistically on trexreen if it is
physically present in thsituation of work.However, as
illustrated in our future scenarios, principles direct
manipulation interfaces, e.g. directnessand transparency,
apply nicely for mobiledevicesjust as well asfor full-
fledged augmented reality systems.
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