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Traditional VR methods allow the user to tour and view the virtual world
from different perspectives. Increasingly, more interactive and adaptive
worlds are being generated, potentially allowing the user to interact with and
affect objectsin thevirtual world.We describe and compare four models of
operation that allow the publisher to generate views, with the client
manipulating and affecting specific objects in the world. We demonstrate
these approaches through a problem in archaeological visualization.
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1. Introduction/Motivation

Ancient buildings and landscgpes have proved to be apopuar subject for computer based
visuaizaions. From the ealy solid models of Winchester Old Minster (Reilly, 1989 to the
recent ‘virtual Stonehenge' (Superscepe, 1997), corporate laboratories have used them as a
vehicle for demonstrating their latest techndogies. Static three-dimensional models and
VR tedhniques are now widely used by architedura historians, archaeologists and
museums, and the World Wide Web has become an important means of delivering
representations of the past both to ather professonals and to the pulic.

As with modern museum displays, many of the images and urtua worlds found onthe
Web today appear very redistic. Indeed, they may sometimes be too redistic, particularly
when they are based on \ery incomplete evidence but convey an impresson d a firm
knowledge of the past. Some achaeologists have rightly criticised the tendency of
computer-based visualizaions to be driven by the need to demonstrate alvanced graphics
tedhniques, rather than by archaeological considerations (Miller & Richards, 1995. Careis
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needed to strike abalance between the desire to produce redistic images and the need to
expressthe tentative nature of an interpreted form (Ryan, 19%).

Archaeologicd evidence for a building may consist of littl e more than a few fragments of
wall foundhtion, perhaps sverely disturbed by later human o geologicd activity. A
building may have been altered or rebuilt on several occasions, often with maor changesin
its appeaance and function. Unfortunately, most current visualizations of the past provide
asingle view, representing nd just a snapshat in time but also oy one of many passble
constructions of the surviving evidence  Much more is needed to capture the full range of
both temporal change, (see, for example, Johmson & North, 1997%, and pasble
interpretations (this paper).

Just as an architect might wish to gve users accessto bah ‘before’ and *after’ views of a
new development, archaeologists need a way of presenting alternative interpretations and
changes throughtime. The esence of the problem is to allow the user to bah tour and
adapt the world, within certain constraints (Wood et al., 1996 Walton & Knight, 1997.
The mnstraints we eanploy are that there is a point-to-point discovery and adaptation d the
archaeologicd model, rather than group a coll aborative interadion (which we leare to a
further study) and that the models contain a basic structure, with some @mponents that
may be augmented or adapted. For example, if the model contains gairs, then there will
always be stairsin the augmented view, but their number or paosition may be dtered.

We have discovered four models of operation; these dlow the achaeologist or pubdisher to
generate views of the historic site, with the dient manipulating and affecting speafic
objedsin the world.

We present an implementation d these idess, using VRML (Moving Worlds, 1997,
il ustrated by models of the roman theatre in Canterbury. This building undrwent at least
two major phases of construction and severa interpretations have been puldished. By
manipulating lesic design parameters the end wser can experiment with and compare a
range of possble recnstructions of the thedre, feaures difficult to achieve with current
virtua tours.

2. Thecategorization

Over the past few yeas, we have seen the rapid introduction and development of VRML
(Hartman & Wernede, 199%). From itsinception at the 1994World Wide Web conference,
it has developed throughthe use of the Open Inventor file format as a basis for VRML 1.0,
the multiple propasals for VRML 2.0in 1996,to the finalized VRML 2.0 version in 1996
(Pesce, 1995. VRML 2.0 povides advanced feaures to allow complex static worlds, a
high level of interaction, animation and movement with behaviour modelling and
prototyping to crede new objeds. Both VRML 1 and VRML 2 may be used to generate
dternative achaelogy views, hence, our aternate-world categorization complements the
development of VRML, incorporating and classfying the earlier static models, generated
using VRML 1, and the moving-worlds models of VRML 2.

Each o our caegories allows the presentation d aternative interpretations of the
underlying data and may be implemented using multi ple tedhniques. Each hes its different
advantages and dsadvantages. The pullisher needs to present a well rouncded-argument,
allowing the observer to form an ognion o the data. Appropriate badkgroundinformation
must be provided, with multi ple interpretations of the world and the assumptions of each
archaeologist. Idedly, the viewport on the world would stay constant, all owing the user to
obtain a dired comparison between dverse interpretations. Feealback, in the form of
legends, keys and annaations, to provide alditiona information and focus the user on
particular aspeds of the achaeological datawould also be beneficial.

We name the parts in ou categorization, with increasing complexity and wser control:
Require New, Switch Change, Functiond Change and Program Run. We describe each
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caegory, severa implementation flavours and their relative alvantages and disadvantages.
The distingushing feaures of this caegorization are found in the cmplexity of
implementation and the tightness of the visualizaion cycle. The visualization cycle
represents how quickly, and by whom, the dternate worlds are generated, pubished and
controlled. A locse gycle is represented by the dient requesting a new version d the data
from the pullisher, whereas a tight cycle is produced when the dternate view is processd
at the dient side.

The visualization cycle is often dvided into Filter, Map and Display processes (Haber &
McNabb, 1990. For the purpose of this paper we have werced these into asingle ‘generate
world’ process It can be argued that these processes generate along visualization cycle,
some isales for shortening the visualization cycle are discussed by (Roberts, 1996. Our
problem of operating and controlli ng aternative redizaions is smilar to the generation d
Visualizations with dfferent parameters over the World Wide Web described in (Woodet
al., 1999. There, they present different scenarios that transfer resporsibility for the
creation d the visuaizaion from the pubisher to the dient. They provide a‘Web server’
that takes a visualization request from the user, collated by an HTML form, generating a
VRML visudlization d the data using IRIS explorer attached through a CGI script. A
different redization results in a new request and a new VRML model. This work is
coincident with ou first model, Require New.

2.1 Require New

The achaeologist generates multiple instances of the world, describing a range of
paosshiliti es and arrangements of the ‘reconstructed’ buildings. The dient down-loads each
model asrequired (Figure 1).

Examples of this caegory would typicdly take the form of a ‘tour’ in which the
archaeologist presents the different interpretations, by developing dscrete realizaions,
interspersed and owerlaid with appropriate descriptions, references and annatations.
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Figure 1: Model 1, Require New

2.1.1 Implementation

There ae many flavours of tours  this approach may be implemented using severa
different tedhniques. The tour can be amixture of HTML, images, movies, sound and
VRML. A two dmensional version may be generated by wsing HTML, images and
movies, with the user taken throughthe possbiliti es by seleding a nex button to load the
subsequent page. The virtual Frog dssedion (Robertson et al., 1995 visudizes three
dimensional frog cata, generating GIF images over the Web througha CGI script.

The threedimensional version tses HTML, text and images as the two-dimensional version
but adds VRML worlds. These worlds may be generated dyremicadly, as in the model of
Wood, Brodie aand Wright (1996 which uses an active pulisher in the form of a CGI
script and visualization system to generate and pubdish the required instances. A solely
VRML tour version may be developed, where the user is ‘teleported’ to anather view, (e.g.
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the Tenochtitl an city, Hartman & Wernede, 1996, however, thisis just ancther view of a
singleredizaion, nd an alternate interpretation.

2.1.2 Advantages

The pubisher retains a high level of control over what is presented and the order of
presentation. The user can be guided round,and told where and what to look at. The user
then ony needs to have basic interadion skill s and littl e spedalist knowledge. Pictures [

GIF, PNG (W3C, 1997 O could be used instead of dynamic VRML 1.0 a VRML 2.0
(moving worlds gedfication). Models may be relatively small and quck to load, bu there
isan overhead in loading each new view asit isrequired.

2.1.3 Disadvantages

A limited or biased viewpaint can be easily, even urconsciously, presented. The user is nat
so immersed in the three-dimensional world, na do they have much control over what is
being viewed; with the pullisher providing the choices for the user. Appredation d scae
and making comparisons between olservations and viewpoints are difficult unless the
pubisher chooses to provide images of the same scde and viewpoint on a single page.
Because eah separate world visualization containing a different interpretation is complete
in itself, the overall download time may be higher than for other caegories.

2.2 Switch Change

Here, the pulisher generates the multiple interpretations, pladng them in ore document.
The dient requests the single document, and may switch between the various
configurations and navigate the world, seeFigure 2.
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Figure 2: Model 2, Switch Change

2.2.1 Implementation

The multiple models are cmbined together into ore document and embedded in a VRML
switch construct, enabling zero or one of the nodes, specified in the doice field, to be
displayed. A simple interface may then be used to togde or seled the required view. The
user’s choice can be generated from a simple sensor (e.g. touch-sensor or time-sensor)
througha script node or from an external authoring interface (EAI) using, say, Netscgpe's
LiveConred (Marrin, 1997.

2.2.2 Advantages

As al of the models are sent together the initial download time is incressed. However,
eat instance does not require a separate description d the environment and aher
‘paraphernalia, sotheoveral retrieval time may be reduced. Moreover, if the initial model
file uses the ‘I nline’ construct, then the browser may nat load the dternate views until they
are required and the overall download timeisincreased.

The dternate views can be eaily compared, because the navigation pasition d the browser
is kept constant when the instances are loaded. This all ows particular aspects of the model
to be compared, within the same context.
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In this model, the data values are fixed by the pulisher. This would be useful where a
series of distinct interpretations are to be depicted. The EAI method has an additional
advantage, in that, the HTML can drectly effed the version that is being viewed in the
VRML-browser, therefore, relating the world bad to the written information, poviding
useful contextua information.

2.2.3 Disadvantages

The ‘switch’ version povides littl e feedbad to the user, who may find if difficult to decide
which argument fits what world. The EAI version provides extra mntextual information,
but still does not provide adetailed comparison ketween interpretations. This feadbadk
problem may be redified by sending an appropriate user interface (developed in VRML)
with a functional model of the site. Nor isit posshble to present a mntinuows change such
as varying the height of building. The provison d a user interface aad handling
continuows change aeill ustrated by aur next category, Functiond Change.

2.3 Functional Change
The pulisher generates aworld with oljects and characteristics that may be eaily changed
(see Figure 3). This alows, for example, the number of arches to be incremented o
reduced, a the building height to be dhanged. The values may be dtered by a cntrol panel
that is encoded and sent with the virtual model. Portions of the world may be relocated,
resized, or otherwise dtered.
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Figure 3: Model 3, Functional Change

2.3.1 Implementation

There ae several flavours of implementation for this model. In each case the VRML
prototyping mecdhanism is used to implement the nodes of the world. The nodes are routed
to a ceitra ‘Calculator’ prototype, used to calculate the bounds and values of the
dependencies. The Calculator is also conneded to the user interface to allow the user to
control the value of the parameters.

The first flavour provides a user interface etirely in VRML, the output data streams are
ROUTE'd to the Calculator prototype (Figure 4). The cdculator prototype dlows the
cdculations of the bounds to be grouped in ore place reducing the number of routesin the
model and all owing changes to the dependencies to be dtered in ore placein the code. The
user interfaceis generated in a Head Up Display (HUD) configuration. The HUD nodes
maintain the position d the user interface on the browser screen, independent on the
viewing angle or position, thus keguing the ntrols at the user’ sfinger tips.

VEML Waorld
User calculator
Interface. -

D D D B VARML
Head Up - model
Display Oooao
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Figure 4: Functional Change - VRML model configuration

A seaondimplementation flavour uses the External Authoring Interface (EAI) to link Java,
JavaScript, HTML or other external languages together (Figure 5). A version may be
implemented using an HTML/JavaScript form, as the user interface conrected througha
Java gplet, to caculate the values and dependencies, and linked through Netscgpe's
LiveConreda (Hoque, 1997 externa interface to control the VRML world. Likewise, a
Java gplet with sliders and text inputs could be used to provide the user interface

Javall ipt/HTML
avallavascrip o [VAML Worid
calsulatar i"ll_ll:g:%rg;g
iner ooo - | VAML
Intarface | E— VRML
ooo

Figure 5: Functional Change - VRML and EAI configuration

Thirdly, afull Javaversion could be implemented, visuali zing the world entirely in a Java
applet. The gplication and wser interface (generated using Java scrollbars, for example)
could then be hored for the specific subject being iewed. The VRwave browser (Andrews
& Pichler, 1997, a successor to VRweb (Pichler et al., 1995 uses OpenGL or Mesa & the
rendering library.

2.3.2 Advantages

The first two models provided fixed values sleded by the puldisher, whereas, this model
allows the values to be chasen by the user. Direct feedbad is given to the user as they
adapt the values, immediately changing the model and upditing the dependent variables
and values onthe HUD.

The model is described by two parts: the user interface ad the prototypes. Thisresultsin a
larger single model, with an increased initial download time. However, no other models
are required and the speed o the dterations is dependent on the dient hardware browser
software. Moreover, as the model and wser interface ommunicate through a cdculator
node; the cdculator can be extended to include abuffer. This buffer need not send every
event to the model, only updating the initial and the last user's request. In pradice, thisis
adhieved by routing another event (isActive) from the sensor nock to the cdculator node,
describing when the sensor is adive and when it has been released.

2.3.3 Disadvantages

The presentation d contextual information that matches values in the model to spedfic
arguments in a written dacument is difficult to achieve with the integral user-interface
version. However, the second and third flavours can be eaily conrected to an orline
document, enabling the values to be changed, depicting a particular argument when, say, a
new HTML pageisloaded.

24 Program Run
A version d the data and program is pulished. The user then runs the program on their
locd madhine to generate different views and models of the displayed world (seeFigure 6)
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Figure 6: Model 4, Program Run

2.4.1 Implementation

A Java gplet may be pulished and executed onthe dient machine to generate various
views of the world. The gplet can also be designed to control and alter the parameters of
the displayed world throughan EAI interface. Alternatively the gpplet could generate an
appropriate user interface & the same time & generating the world.

2.4.2 Advantages

This caegory allows the user to bah ater and affed the virtual world and to generate a
complete new instance of that world. This allows the user to save @pies of their work and
pulish their own instances, possbly acmmpanied by their own arguments and
interpretations. In essence this category alows a visualizaion system with appropriate
datato be pubished and qerated at the dient side.

2.4.3 Disadvantages

The user is given complete wntrol over how the worlds are displayed (within the
constraints of the program). Consequently, the puldisher has little @ntrol over what the
user generates and views, so it is difficult for the pulisher to present a reasoned argument
between aternative views. The size of the program and data would be substantially larger
than the single instances generated by the other categories.

3  Implementation/Results

We have implemented versions of the first three categories using VRML 2.0, JavaScript
(vrmliscript) and HTML, and wsing the CosmoPlayer 1.0 browser (Software, 1997). We
describe in greder detaill an implementation wtsing ou third caegory of models of the
Canterbury Roman thedre.

This implementation includes a user interface, a HUD and a prototyped model in a single
document. The HUD and model are glued together using the calculator node. This node
contains multi ple dependencies: for example, by decreasing the width of the seats, so the
number of seats and the height of the building increase. These dependencies are shown in
Figure 7.

amount of building
walkway seats height
seat seat
width height

Figure 7: Functional Change - dependencies
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We have routed the values taken from the interface sliders throughthe HUD to affect the
dependent values of the model, giving dyramic feedbad to the user as the world is
changed. The behaviours of the calculator and aher nodes are implemented in JavaScript
(vrmlscript) which gves a shorter initi ai sation time than a Java behaviour.

am 048 p,

1a it
ui|dlng SEa_t
ﬁeight Heigh,

Waliway Seat Seat 0.8 m
Heigh.t Depi*. B B SeaiDeph

Figure 8: Example of the Functiona Change implementation with HUD user
interface. The model shows a simplified representation d the Canterbury
Roman theare (with stage and surroundng buldings removed). The user may
adjust the building height, sea¢ number or dimensions, or add a walkway
between the sedsto examine arange of passhble gpearances.

4  Discussion of categories

We have presented four categories describing methods to control (and pullish) alternative
views or interpretations of archaeologicd evidence Alternative names for the cdegories
could include atour, a flipbook, a method sending the user interface, and a method d
pubishing the program. Ancther view of these modelsis to look at what is being changed
in the scene, this being either the behaviour or the model itself. A static world is generated
if the model (or behaviour) does nat alter. A dynamic world is generated if the model (or
behaviour) ischanged. This latter categorization fits well into our schema by providing the
following four states:

Category Name M odel Scene behaviour
1 Require New Static static

2 Switch Change Dynamic static

3 Functional Change Static dynamic

4 Program Run Dynamic dynamic
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Examples implementations can be found on ou web site & <URL:
http://www.cs.ukc.ac uk/peopl e/staff /nsr/arch/vrsig97/>.

5 FutureWork

The work described here began with a problem that arose when one of us attempted to
produce asimple model of the Canterbury Roman thedre. Each o the existing pubished
drawings and artists impressons assumed dfferent dimensions. In some cases, these
dimensions resulted in an impossbly steg rake to the seating, resulting in a buil ding that
was quite unsuited to human use (Ryan, 19%). Our implementations alow the user to
explore arange of more plausible forms. However, several isaues remain for future work.
Amongst these ae methods of making the comparison d aternatives more predse. For
example, by poviding a virtua ‘ruler’ or ‘tape measure’ with which the user can make
detail ed comparisons between the different views. We are dso interested in addressng the
questions of collaborative worlds, in which several users might ‘med’ to debate different
interpretations.

Our example has concentrated ona single building at a single paint in time. Our thedre
model could be extended to include other buildings in the aea(seg for example, <URL:
http://www.cs.ukc.ac uk/peopl e/staff/nsr/arch/visrcant/visrcant.html>). Likewise, we may
also apply similar methods to all ow the user to examine danges throughtime andthus gain
an uncerstanding d the development of the City over an extended period (see also, Johrson
& North, forthcoming).

6 Conclusion

We are only human and often end up dsagreeing a unable to chocse between several
aternatives. This is often the cae in areas sich as archaeology where the original data
may be sparse and severa alternative interpretations may be equaly plausible. Publishers
require methods that allow them to present these different viewpoints with associated
arguments. Users will be better served by systems that enable them to explore and
understand the different viewpaints, interpretations and arguments surroundng the origina
data.

Many existing VR models enable the user to ‘pick up and ‘manipulate’ virtua portable
objeds within a fixed virtual environrment. Here, we have gplied similar techniques to
permit the user to manipulate the virtual environment itself. We have presented an example
based onthe need for effective presentation d the uncertainty inherent in archaeologicd
interpretation, bu the gproach may also prove valuable in many aher fields such as
geology, civil engineeing and architedure.

Our discusgons of four methods of controlli ng alternative representations have shown that
there are benefits in each approach and that nore is an overal ‘best’. It is acase of using
the acrred tod for the job. For example, anovice or nonspedalist user needs to be guided
around and shown the different ideas and varying viewpoints. However, comparison o
particular aspeds of the model is difficult to achievein asimple tour.

Publishing archaeology ower the internet is here to stay, (see, for example, the journal
Internet Archaeology - <URL.: http://intarch.ac.uk/>). Considerable use has arealy been
made of graphicd and 3 modelling techniques to present virtual museums and ‘re-
constructions' of the past, bu many o these suffer from the problem that viewers may
believe what they seg simply because it appears on a wmputer. We believe that it is
important to present aternative views of the data and have shown how these can be
programmed into avisuali zation to all ow the user to examine and alter parameters and gain
a better understanding.
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