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Abstract.  There is growing interest in augmerted reality (AR) astech-
nologies are developed that enable ever smoother integration of com-
puter capabilities into the physical objects that populate the everyday
lives of users.However, despite this growing imp ortance of AR technolo-
gies, there is little tool support for the design of AR systems. In this
paper, we presert two notations, ASUR and UMLI, that can be usedto
capture design-signi cant features of AR systems. ASUR is a notation
for designing user interactions in AR environments. UMLi is a notation
for designing the user interfaces to interactiv e systems. We use eat no-
tation to specify the design of an augmerted museum gallery. We then
compare the two notations in terms of the typesof support they provide
and consider how they might be usedtogether.

1 Intro duction

The integration of digital (virtual) information and actions with the physical
(real) world of usersthrough the use of augmerted reality (AR) techniquesis
becominga crucial challengefor designersof interactive systems.AR is becom-
ing widely usedin a number of domains, including leisure [23], maintenance|[8],
construction and architecture [24] and surgery [4]. Despite the increasingdevel-
opmert of AR systems,neither tools nor methods have beenproposedspeci cally
for the designof AR systems.Furthermore, AR systemsremains largely ad hoc
and exploratory. In [5], we proposeda classi cation spacefor "Mixed Systems",
interactive systems combining physical and digital ertities, that identify two
kinds of such systems:

{ systemsthat enhanceinteraction betweena user and his/her physical envi-
ronment by providing additional computer capabilities or data to the phys-
ical objects of the environment: theseare Augmented Reality systems,AR;

{ systemsthat make use of physical objects to enhancethe user'sinteraction
with a computer: theseare Augmented Virtualit y systems,AV.



The notion of Mixed Reality, intro duced by Milgram and Kishino [13], refersto
systemsthat mix digital and physical ertities into a singledigital represenation;
for example, the represenation of an interior design by merging pictures of a
real chair within a 3D graphic model of the room [25]. However, this combina-
tion of digital and physical properties or ertities is achieved on a monitor, so
the perception of the physical world is not direct. As opposedto Mixed Reality,
augmerted reality approades developed in the HCI community focus on the
integration of computational capabilities with physical objects involved in the
user'sinteraction. Usersbene t from complemenary computer capabilities when
interacting with their usual physical tools and objects. These HCI approaches
are user- and interaction-centred, although they dier in the aspects used to
characterisean interaction. Four distinct aspectsthat may have an in uence on
the user'sinteraction with AR systemsare identi ed in the literature: 1) Type of
data provided to the user[2,8,14]:it may be textual, 2D or 3D graphics, gesture,
sound, speed or haptic data; 2) Potential physical targets of enhancemen to
combine physical and digital data [11]: users,physical objects and the environ-
ment are the three main targets identi ed; 3) Adequacy of the provided data
to the task, aswell asthe location where they are perceivable [1]; 4) Abilit y of
the systemto bridge the gap between physical and digital ertities [21]. As this
researh suggests,developing an AR system s di erent from developing other
sorts of interactive system. It is often neither obvious nor easyto designand
implement appropriate combinations of physical and digital ertities, especially
in settings where (i) the user may be mobile, (i) other artefacts may be ma-
nipulated and (iii) the interaction must be sensitive to complex aspects of the
context of use.In this paper we focuson the description of such systems:without
a meansof specifying the featuresthat make an AR systemdistinctiv ely AR, we
cannot communicate or explore designsolutions that bene t from thesefeatures.
We thus presert two complemenary notations for capturing design-signi cant
aspects of AR systems:

{ ASUR, a graphical notation that can be usedto describe, characterise and
support the analysis of mixed ervironments; and

{ UMLI, a consenative extension of the Unied Modeling Language (UML)
for interactive systems.

Each notation enablesa designerto construct a model of an AR system.ASUR
modelsidentify the key objectsand agerts in an AR ervironment alongwith their
physical and informational relationships. UMLi modelsdescribe behavioural and
structural aspects of the software systemsthat make up AR systems.In partic-
ular, UMLiI modelsinclude abstract descriptions of user interface presertations
implemented by the software systems.Thesemodels, and the notations in which
they are expressedo er assistancein se\eral respects:

{ Making saliert the AR systems-sgeci ¢ characteristics of a design;

{ Providing a medium in which to reasonabout sud designsand to commu-
nicate them;

{ Bridging gulfs betweendi erent elemeris of an AR ernvironment design.



We presert the roles that ead notation might play in the design of AR envi-
ronments and their underlying software systems. Furthermore, we discussthe
potential bene ts of combining both notations to designcomplete AR systems.
The remainder of this paper is organisedas follows. First we describe the Mack-
intosh Project usedasa casestudy in this paper. The next two sectionsdescribe
ASUR and UMLIi, and apply both notation to the casestudy. We then com-
pare the modelling capabilities of ASUR and UMLi for AR systems.Finally we
concludethe paper with a brief discussionof future developmerts.

2 The City Project Scenario

As a vehicle for introducing and comparing ASUR++ and UMLi, we use an
example taken from the City Project, a project dewveloped within the Equator
consortium [7]. Basedon the work of Charles Rennie Mackintosh, a Glaswegian
architect of the early 1900's,the City Project has been exploring the augmen-
tation of the permanert Charles Rennie Mackintosh Interpretation Certre, a
gallery situated in the Lighthouse, an architecture and design certre in Glas-
gow, cortaining exhibits related to Mackintosh's life and work. The aim of this
part of the project is to study the impact of combining multiple mediato support
visitors' activities, especially collaborative activities involving usersin the real
museum interacting with usersexploring a digital version of the samemuseum
("co-visiting"). For the visitor to the real museum, the systembeing created is
aimed at providing visitors with digital information tailored to visitor's current
context. This information tailoring mainly relieson tracking visitor's motions in
the museumand location of the exhibits. Visitor activities are thus embedded
with computational capabilities. To do so, the Lighthouse has been equipped
with a radio-frequencylocalisation systemthat givesthe location of the visitors.
There are se\eral servicesthat will be provided by the systemin the Lighthouse.
In this paper, we consideronly the FollowSeletedPath serviceo ered to visitors
of the Mackintosh Interpretation Certre. This service provides AR support to
guide visitors through a pre-de ned path of exhibits. A Path is composedof an
orderedset of Exhibits. Each Exhibit is at a Location inside the museum.In addi-
tion, the serviceassumeghat the Visitor following a prede ned path is already
connectedto the system. Under these conditions, the Visitor get information
related to:

{ The Path to follow: it consistsof textual directions and distancesseparating
the current position of the Visitor from the next Exhibit of the followed Path.

{ The Exhibits: oncethe Visitor readesthe next Exhibit of the path s/he is
following, the system provides her/him with information about the Exhibit
using speci ¢ Media, e.g., Image, Video, that may not be perceivable in the
museum (e.g. building material, previous exhibition locations, etc.)

Tednically, the Visitor usesa PDA to perceiwe both kinds of information and
to conrm the visit to an Exhibit before getting directions to the next Exhibit
on thePath. Although inspired by the City Project, it is important to note that



this example does not represert the design of an existing system nor is it a
history of an actual design developmert. Rather, we have chosenthis scenario
becauseit represers a realistic design problem (viz., the design brief is a real
one). However, the goalsof our example scenariosdon't correspond to the goals
of the City Project and the designalternativ espreserted below are our own and
don't correspond to any that have beendewveloped during the City Project. To
di erentiate our examplefrom the actual City Project, we will hereafterrefer to
it asthe Mackintosh Project.

3 ASUR Description of the Mackintosh Scenario

ASUR (Adaptor, System,User,Realobject) is anotation designedto addressthe
needfor a lightweight notation for describing AR systems.Apart from ASUR,
we are not aware of any languageor notation well-suited to describe AR systems.
When designingAR systems,the physicality of the setting becomescrucial. The
designermust consider:

{ where objects are located in the physical world,

{ how they might move,

{ their intrinsic physical constraints, suc as size, weight, position, etc.
{ what can be modi ed or digitally enhanced,

{ how usersperceive, manipulate and perhapscarry objects, etc.

Existing notations, such asUML or CTT, are designedto capture properties of
computational ertities; there is no way to expressthe potential physical prop-
erties of such ertities. Therefore, these notations are ill-equipped to capture
exactly those aspectsthat make AR systemsspecial. UMLI is an example of one
way of dealing with this problem, viz., extending an existing notation. ASUR il-
lustrates another way, starting from scratch and bringing together exactly those
characteristics identi ed in previous interaction-oriented studies of AR systems
and neededto capture AR system-relateddesignissues.

3.1 ASUR Concepts

Firstly, an ASUR description models an interactiv e systemas a set of four kinds
of ertities, called componerts: computer System (Comp onent S), U ser of the
system (Comp onent U), Real object involvedin the task astool or constitut-
ing the object of the task (Comp onent Ry and Rpject), and A dapter for
Input and Adapter for Output (Comp onent Aj, and A.y) that bridge the
gap betweenthe computer-provided ertities (S) and the physical world ertities,
composed of the user (U) and of the real objects relevant to the task (Ropject
and Ry ). A relation betweentwo ASUR componerts may describe a physical
collocation (represeried by a double line) or an exdchange of information (rep-
reserted by an arrow) betweentwo componerts. Secondly an interaction facet
consistsof an ASUR componert and an ASUR relation betweenthis componert
and the user. Arrows connectedto the componernt U in Figure 1 are examples



of sudh interaction facets. The secondaspect of ASUR is the description of the
interaction facets with a set of characteristics of the user's interaction. These
characteristics may constitute a basisfor the evaluation of usability properties.
A more detailed description of ASUR is presened in [6].

3.2 lllustration of ASUR using the Mac kin tosh Scenario

The diagrammatic represertation of the ASUR description is preserted in Figure
1. In terms of ASUR, the visitor is the componernt U, an exhibit is a compo-
nent Ropject Obsened by the visitor (Ropjet! U) and the database,represered
by V-Ropject, cortaining the path and the information related to the exhibits,
is included in the componert S. An adaptor for output (Aoy) is required so

Fig. 1. ASUR Diagrammatic represertation of the Mackintosh feature \ Follow-
ing a path".

that the visitors perceivesthe guidanceinformation to follow the chosenpath.
From this componert onerelation is connectedto the visitor (componert U), de-
noting the transfer of information, related to the path to follow: Ay (path! U.
Furthermore, an ASUR relation from the componert S to the componert Agy
is required becauseinformation provided by the Ay, componert is issued by
the database (componert S): S!' Agy . Exactly the same reasoning applies to
the transfer of information related to the exhibits, leading to the identi cation

of a secondadapter for output. However, the scenariostipulates that the PDA
hasto be usedto carry both kinds of information. Consequetly, there is only
one componert Ay, but two relations from the componert Sto Aq,: and from
Aout to the componert U, eac of them represerning respectively the transfer of
information related to the path to reproduce and to the exhibits. In addition,
an adaptor for input (A, 1) is required to get the position of the visitor in the
museum(U! Aj, 1) and transfer it to the computer system (Ai, 1! S). Finally,
once the visitor has obsened an exhibit of the path and potentially read the
additional information provided by the system, s/he hasto "validate" this step
of the path, sothat the system can provide direction information to go to the
next exhibit of the path. An adaptor for input (A, 2) is thus required and es-
tablishes a bridge betweenthe user's adknowledgmen (U! Aj, 2) and the state



of the system (A, 2! S). The fact that the adknowledgmert and information
visualisation occur on the samePDA is encaded by a double-relation between
the componerts Aj, 2 (acknowledgmert device) and Ay (screenof the PDA):
Ain 2=A ot - The samerelation exists betweenthe user (componert U) and the
componerts Aj, 2 and Aoy, becausethese two last componerts are handheld
(U=A in 1, U=A out). The secondmain aspect of ASUR lead us now to char-
acterise the di erent interaction facets, i.e. the ASUR componernts and ASUR
relations denoting the user's interaction. Four componerts are involved in this
case:the screenof the PDA (Aqy ), its tactile area (Ain 2), the exhibit (Ropject)
and the localiser (A, 1). The location where the user will perceive and act on
the two rst componerts is his/her own hand, sincethe deviceis handheld. The
visual senseis required to perceive the path and exhibit information provided by
the PDA (Aout), While physical action, a nger click for example, will be used
to acknowledge using the PDA. No information should be shared among users,
sincedi erent usersmay haveadi erent path to reproduce.Physical information
about an exhibit is perceived on the exhibit itself. This requires a visual sense
and this perception must be available for seeral usersat the sametime. Finally,
the localiser gets information from a tracking area (de ned by the technology
usedfor the tracking). When moving in this tracking area, the user will implic-
itly communicate his/her position to the adaptor. Finally, seweral usersmay use
this adaptor at the sametime. Thesecharacteristics are summedup in the Table
1. Concerningthe interaction facets, four relations are highlighted in the ASUR
diagrammatic description of the situation: perception of the path and exhibit
digital information (Aoy! U), perception of the physical entity (Ropject! U),
user's localisation (U! Aj, 1) and user's acknowledgmert (U! Aj, 2). The rst
relation carries information expressedin a textual mono-dimensionallanguage,
in a frame of referencelinked to the visitor sothat s/he can read it. The sec-
ond relation denotesthe natural obsenation of an exhibit: it is basedon real
3D language and obsened in a user-cerired frame of reference.The two last
relations correspond to output interaction facets. The userwill act with natural
3D actions to either implicitly communicate his/her position to the localiser or
click on the PDA to acknowledge. The frame of referenceis again user-cerred.
A summary of the relation characteristics is shown in Table 2.

Table 1. Characteristics of the componerts that take part in the user'sinterac-
tion with the systemwhen achieving the Mackintosh project feature \ Following
a path".

In teraction P erceptual/Action P erceptual/Action Information

comp onents lo cation sense shared

Aout (screen) User's hand Visual Should not
Ain 2 (tactile screen User's hand Physical action Should not
Robj ect (0One exhibit) Exhibit Visual Must
Ain 1 (RF-lo caliser) Tracking area Implicit May




4 UMLiI Description of the Mackintosh Scenario

Model-BasedUser Interface Developmert Environments (MB-UIDES) area state-
of-the-art approach for modelling and implemerting running userinterfacesfrom
user interface models [18,22]. MB-UIDEs provide models that are e ectiv e at
capturing userinterface functionality [9,16,20],but o er only limited application
modelling facilities. Thus an important weaknessof MB-UIDEs is in an area of
specialism for UML, namely application modelling, while the main strengths of
MB-UIDEs align with an areaof weaknesdor UML, namely userinterface mod-
elling [19]. Se\eral researtiershave investigatedthe integration of interface mod-
elling techniqueswith UML. For example,[10] discusseshow interface modelling
constructs, in uenced by thosein the TACTICS system,in particular relating to
the description of tasks, might be incorporated into UML. A more recert paper
[12] assessesewveral UML modelsfor usein interface modelling, comparing them
with a collection of specialist interface modelling notations. In [17]it is suggested
how seweral UML models, in particular classdiagrams and use casediagrams,
canbeusedin conjunction with the CTT task model for userinterface modelling.
In UML for Interactive Systems(UMLI) [19], tasks are modelled using extended
activity diagrams rather than through the incorporation of a completely new
task modelling notation into UML. Wisdom [15] is probably more mature than
the proposalsin [12] and [17], in that the relationship betweenuse cases,tasks
and views are consideredin the paper. UMLi also addressegheserelationships
but intro ducesfewer new modelsinto UML and addressesnore thoroughly than
Wisdom the relationship betweentasks and the data on which they act. Overall,
the emphasisin Wisdom is probably on earlier parts of the designprocessthan
UMLIi. Wisdom models tend to be more abstract than those produced using
UMLI, but too abstract to generaterunning user interfaces. Therefore, UMLI is
oneapproad usedin this paper asa framework to incorporate AR systemsfacili-
ties, leadingin this way to the developmert of the rst model-baseddevelopmert
ernvironment for AR systems.Finally, many aspects of an interactive systemcan
be described by models. Therefore, many models may be combined together
when describing an interactive system. However, if the intention is to build Ul
models that can be used, for instance to generaterunning user interfaces, two
kinds of models should be included: structural mo dels, that is mainly Domain

Table 2. Characteristics of the relations forming the di erent facetsof the user's
interaction with the systemwhen achieving the Mackintosh project feature\ Fol-
lowing a path".

In teraction Concept Concept |Represen tation Represen tation
facets Relev ance Language Frame of Reference
Aouwt! U [Path and Exhibit High 1D, textual Visitor
Robject! U Exhibit High 3D, real Visitor
Ul Ainl User's location High 3D, real Visitor
U! Ain 2 |Acknowledgment| Medium 3D, real Visitor




modelsand Presentation modelsand behaviour mo dels. We now present more
precisely the domain, presenation and behaviour models of the system and il-
lustrate them within the Mackintosh scenario,in order to explain how UMLi can
be usedto model the supporting systemof an AR environment.

Structural Mo dels The UMLIi classdiagram represerts a schemafor the do-

main of the functional core of the Mackintosh system usedto support the com-
putational capabilities required to provide information to visitors. The classes
identify the elemeris of the Mackintosh project previously describedin the paper.

To addressthe preseration models, userinterface (Ul) diagramsare introduced
in UMLiI to model abstract preserations of user interfaces. As explained in

[16], Ul diagrams are an alternativ e notation for classdiagrams, providing addi-

tional support for interaction classeswhich are the classegepresering widgets.

Namely, the diagram provides visual represenation for containment between
interaction classesand visual identi cation for the main role that an interac-

tion classis playing in a particular userinterface. Six UMLi constructors for Ul

diagramsrepresen di erent roles of interaction classes:

{ FreeCon tainers (dashedcubes)aretop-levelinteraction classeghat cannot
be contained by any other interaction class(e.qg., a top-level window);

{ Containers (dashed cylinders) provide a grouping mechanism that brings

together interaction classesother than FreeCortainers (e.g., a frame within

a window);

Inputters  (downward triangles) receiwe information from users;

Displa yers (upward triangles) sendinformation to users;

Editors (upward rhombi), exchangeinformation in two-ways ;

ActionIn vokers (right pointing arrows) receiwe instructions from users.

[t Nt Wate Waan

In the Mackintosh Project, the Ul diagram in Figure 2 represerts the Exe-
cutePathUl FreeContainer, which is the abstract presenation model of the Fol-
lowSeletPath serviceUl. There, Con rmExhibit is the Actioninvoker where vis-
itors con rm they havereadedthe exhibit and Quit is the ActionIinvoker usedto
nish the service,returning to other functionalities of the system. Dir ection and
Info are Displayers describingthe route to the next exhibit of the path and pre-
serting further information about the last reached exhibit. Finally, GetLocation
is an Inputter receiving information about the location of the visitors. As can
be obsened, ExecutePathUI represerts relevant designdecisionsconcerningthe
user interface of the service,avoiding early commitment to concrete properties
of the interface. For instance, there is no speci cation of which kind of widget
is going to implement ead interaction class. Thus, the Info Displayer usedto
visualise objects of seweral media (using a PDA during the visit or visiting the
digital version of the museum) may be implemented by more than one wid-
get. Regarding AR systems,the GetLocation Inputter exempli es an interesting
kind of support that UMLi can provide to this category of interactive systems.
Indeed, the GetlLocation Inputter explicitly represens the localisation system
mertioned. Thus, due to its simple medanisms of abstraction, the Ul diagram



provide an appropriate description of how the localisation system, which is a
componert system of the AR system, interfaceswith the rest of the AR system
of the Macintosh Project. The Ul diagram in Figure 2, along with the domain
model, describe the structural properties of the AR system. A behavioural de-
scription of the FollowSeletPath serviceis required to completeits speci cation
in UMLI.

Behaviour Mo dels Task models are typically usedfor modelling interactive
systembehaviours in MB-UIDEs [16,22].Howeer, the notion of task, asconcep-
tualised in the MB-UIDE community, is represeried by use casesand activities

in UMLI [16]. Using usecasesand their scenarios,designersand expert userscan
elicit userinterface functionalities required to allow usersto achieve their goals.
Using activities, designerscanidentify the possibleways to perform actions that

support the functionalities elicited using use cases.Therefore, the mapping of
usecasesinto top-level activities describesa set of interface functionalities sim-
ilar to that described by task models in other MB-UIDEs. In the Mackintosh
Project, the FollowSeletedPath serviceis represerted by a use caseand visitors

are represerted by an actor who communicateswith the usecase.This usecaseis
directly mapped into the ExecutePath activity in Figure 3. Furthermore, object
ows in activity diagrams, e.g., the vs object of type Visitor and the qt object
of type Actioninvoker, denote the use of instancesof classesto perform actions
in action states. For instance, the pt.startPath() action state is an invocation to

the method startPath() of the classPath in the object path. Thus, using object
o ws, designerscan incorporate the notion of state into activity diagrams pri-

marily usedfor modelling behaviour. In the caseof UMLI, the useof instances
of interaction objects can also be described by object o ws, asin the caseof the
gt object. Howewer, object o w states, which are renderedas dashedarrows con-
necting objects to action states, have a speci ¢ semarics when usedto assaiate
interaction objects to activities and action states. UMLi speci es v e categories
of object ow states speci ¢ for interaction objects described as follows:

ExecutePath Ul A

———————— 1
1 I
[
[

[ I
I

Fig. 2. The Ul diagram of the ExecutePathUl FreeCortainer.



{ << interacts>> relatesprimitiv einteraction objects to action states, which
are primitiv e activities. It indicates that assaiated action states are respon-
sible for interactions whereusersare invoking object operations or visualising
the result of object operations.

{ << presents >> relates FreeCortainers to activities. It denotesthat the
assaiated FreeCortainer should be visible while the activity is active.

{ << conrms >> relates Actioninvokersto selectionstates. It speci es that
the selectionstate has nished normally.

{ << cancels >> relates Actionin vokers to composite activity or selection
state. It specify that the activity or selectionstate hasnot nished normally
and that the ow of control should be re-routed to a previous state.

{ << activates>> relatesActionln voker to activity, thereby making the asso-
ciated activit y a triggered one, which is e ectiv ely started on the occurrence
of an evert.

Execute Path

ptstartPathy Yo - - ~- - """~ - ~-—— path : Path o2

T
1 epUl : BecitePath U

o ws.updateLocation(loc get\alued))

> path goNextExhibit)
T N e
— i . |eEEEEmE
s ; wisitor b .
[inExhibit] : \ at : Ouit
- i 1 Y
- | ~
o, I, b
o :
e i (\rs get Directions(dr setvluer) ex_getInfoff set\fh\ueo))< _ __I ex - Exhibit | “\:“m' e
””” & 7 .
dr : Dirsctions i [::>
| S=itergcte=s
1

2 : Confirm Exhibit

A}

in : Info

Fig. 3. The ExecutePath activity represeriing the behaviour of the FollowS-
electPath service. The FollowSeletPath service has been modelled along with
other functionalities.

The activity diagram in Figure 3 illustrates the use of most of theseinteraction
object speci ¢ object ows. For instance, the ExecutePathUI FreeCortainer is
made visible and the Quit Actioninvoker is enabledwhen the ExecutePath ac-
tivit y is active. Then, the loc Inputter starts to constartly collect information
about the location of visitors producing directions on the dr Displayer and ex-
hibit's information onthe in Displayer. In parallel with this processof producing
directions and exhibit information, the serviceis able to receive a messageeither
from the ce Actionlnvoker saying that the visitor has reached the next exhibit
in the path or from the gt Actionin voker invoking the ExecutePath activity. The



service nishes when the system cortrol- o w leaves the ExecutePath activity.
The following section analysesthe di erences and similarities of the ASUR and
UMLi descriptionsof the Mackintosh project and showvs how both notations may
be combined to support the designprocessof AR systems.

5 ASUR and UMLi Comparison

5.1 Mo del-based design of AR systems

UMLIi provides on top of UML the ability to expressthe interface presena-
tion of software systemsin an abstract way, identifying the abstract interaction
objects required for the user'sinteraction with the underlying software system.
Moreover, the Ul diagram allowsthe composition of abstract interaction objects.
Together, this constitutes a step towards an integration of user interface design
with underlying system design. In the caseof AR systems,however, the user's
interaction with the system requires a comprehensionof AR ervironments be-
yond the speci cation of windows-basednteractions. Indeed, the designsinvolve
the useof physical ertities and it hasto take into accourt the behaviour of such
ertities. ASUR can Il this gap, sinceit highlights the componerts required to

Fig. 4. Layersplaying a role in AR systemsdesignand candidate-tools to sup-
port theselayers.

support the whole human-AR ernvironment interaction, as well asthe exchange
of information among them, which represerts the di erent facets of the user's
interaction with the system.Moreover, ASUR characterisesthe entities by com-
paring and taking into accoun their physical properties. ASUR doesn't support
the expressionof componert re nement and description of software systemsof
AR ervironments (i.e. detailed speci cation of computer-based componerts);
UMLi diagrams, however, provide a solution. Furthermore, ASUR cortributes
to the speci cation of Ul presenations by specifying those aspects of interaction
that relate to the use of physical ertities. As a result, we identify 3 layers to
considerwhen designingan AR system (cf. Figure 4):

{ Underlying software system layer: UML diagrams constitute an ap-
proach to designthis layer, composedof a set of core componerts, methods
and behaviours.



{ Human-computer interaction layer: this layer correspondsto the inter-
face preseriation speci cation. Ul diagrams proposedby UMLi along with
someASUR conceptshelp designersto model the presenation of software
systems, augmerted by other designstools such as usability studies and
guidelines.

{ Human-AR environmen t interaction : this is specic to AR systems,in
which a part of the interaction relies on physical ertities rather than on the
software system's interface. ASUR describes this part of the ervironment
and the human-computer interaction in terms of entit y-relation models and
characteristics. ASUR provides a framework to support the reasoningabout
di erent designissuesfor AR not covered by corvertional design solutions
for interactive systems.

A model-based AR system design may rely on the speci cation of properties
preseried in both ASUR and UMLI notations asillustrated in this paper. The
combination of these three layers and bridges among them would link both no-
tations, resulting in a rst step towards a Model-BasedDesign Environment for
AR Systems.Thus, betweenthe computer systemand the external speci cation,

the bridge is quite straightforward, since UMLi (external speci cation) is based
on the UML diagrams (functional core). Bridging AR-system external speci -

cation designand corventional external speci cation designis required too. We
detail theselinks in the next section.

5.2 Links between ASUR and UMLi

The useof ASUR and UMLi to model the Following a path service shows that
these notations can be usedto describe AR ervironments. However, the ASUR
model in Figure 1 is obviously di erent from the UMLi models of the sameser-
vice in the domain models and Figures 3 and 4. In the caseof this service,the
di erences betweenthe modelsindicate that ASUR and UMLi can support the
construction of complemenary models of AR environments. In fact, the ASUR
model presens an AR-user-cenred perspective of the sameAR ervironment that
in preserted under an AR-system-cerired perspective in the UMLiI models. A
notation for supporting the modelling of AR environments would ideally require
amix of conceptsusedin both ASUR and UMLI notations. Table 3 is an attempt
to identify similarities betweenconstructs usedin ASUR and UMLi by compar-
ing their constructsto conceptsinformally describedin the Concepts column of
the table. Thus, conceptssupported in both notations indicate the similarities
between ASUR and UMLi constructs. The identi cation of the similarities of
constructs is an indication of how the notations could be usedto complemer
ead other to comprehensiely support the designof AR ernvironments. ASUR
and UMLi also exhibit somemismatches, highlighted in Table 3. Thus, for ex-
ample, concerning the digital space,a di erence betweenthe notations is the
absenceof re nement of the digital ertities in the ASUR notation. Concerning
the physical space,another di erence residesat the level of the characteristics
of the interactions and I/O devices.UMLi doesnot support the speci cation of



Table 3. A comparisonof ASUR and UMLi implemertation of AR-environments

concepts.
Context Concepts Concepts Represertation
ASUR Construct| UMLiI Construct
User U Actor
Input device (ID) Ain Inputter
ID interaction charact. Ain charact.
Output device (OD) Aout Displayer
OD interaction charact. Aout charact.
Real tool entity Riool
Physical|Real object entity Robj ect
Space |Real ertities characterisation Robj ect Charact.
AR. Interaction(User-Real tool or R! U, U R
object)
Interaction (Users-ID) Ul Ai << preserts>>
Interaction (Users-OD) Aout! U << preserts>>
Interaction charac. ASUR relations
charac.
Environ- Interaction (ID-Computer Ain! S Interaction object
system) ow
ment Interaction (OD-Computer St Aout Interaction object
system) ow
Digital [Digital enrtities S Class and Object
Space |Digital entity properties Attrib. and Op.
Relationships betweendigital Associations +
ertities their
specialisation
Goals Use cases
Tasks Use cases+
Activities
User interface presertation Ul diagram

this aspect, while ASUR does, and this aspect constitutes the basisof potential
usability analysis, discussedand illustrated in [6].

6 Conclusions and Perspectiv es

The designof AR systemsdemandsnew notational toolsto dealwith the certral
role in AR systems,and AR systemsdesign, of the physical properties of the
interaction ertities and the relationship of physical with informational ertities.
ASUR is a potentially useful candidate for this role but it doesn't have the ca-
pability for describing the user interface(s) that are part of such AR systems.
UMLI, onthe other hand, is tailored for just this job but, unlike ASUR, it cannot
capture the physical properties of componerts and their relationships with other




ertities and with information o ws. In our comparison of ASUR and UMLi we
identi ed three levelsof designinvolvedin AR systems:human-AR environment
interaction, human-computer interaction, functional core. ASUR and other HCI

designtools deal with the rst two levels. Di erent design alternativescan be
described and subjected to analysisin terms of the physical ervironment (what
moves, what touches), the interaction (perception, action, cognition) and the
implementation (sensor deployment, wirelessvs. wired). UML and UMLi, on
the other hand, o er a method of specifying precisely the behavioural aspects
of the interactive system. Of course,ASUR and UMLi o er a way of capturing
someof the main features of AR systems,but they will probably not be su -

cient on their own. We can expect that additional notations may be neededto
capture other aspects of the design(e.g., motion patterns of artefacts and user).
We ervisageseeral parallel developmerts from this point in our work, including
(1) empirical studies of the use of ASUR and UMLi with realistic AR system
design problems (validating this analysis, identifying gapsin our understand-
ing of the requiremerts for AR notations), (2) enhancemets to the notations
(adding to the expressivenessof eat notation, looking at the e ects of handling
multiple collaborating users and augmerted artifacts, dealing with scalability
issues), (3) exploring further links between notations (generating transforma-
tions on descriptions), (4) providing tool support for editing but also for linking

related aspects of designs,comparing alternativ e designs,carrying out analyses,
and generating descriptions in the other notations (semi)automatically. Also,
as we stated at the beginning of this paper, our ultimate goal is to dewelop a
systematic approach to AR systemdesign:a designmethod. Our exploration of
ASUR and UMLIi and their links constitutes a starting point towards this aim.
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