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Starting with a brief overview of leading state-of-the-art applications of advanced
graphics in archaeology, this paper will describe a current research project, in which
archaeological deposits, such as layers, pits and artefact distributions, are modelled
using solid mode!l!ling rendering techniques.

It is argued that besides producing pictures, solid models may enable the investigator
to explore and navigate through multi-dimensional datasets by exploiting the geometry
and structure implicit in the model. The research has important implications for the
ways in which archaeology is taught and presented to the public.
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Solid models of Archaeological Data
Paul Reilly, IBM UK Scientific Centre!

Introducing .the Technology

Solid-modelling systems facilitate some of the most sophisticated computer
graphics currently available. These should not be confused with other graphics
systems which produce pictures of “solid-looking” objects. “Face models”, for
instance, are composcd of a set of rendered polygonal pancls, which give the ob-
ject the appearance of being solid but which do not actually conform to a truly
enclosed solid shape.

Solid modeclling systems were developed mainly by cngineers to perform analysis
functions on the resulting models. This criterion excluded the use of face models
since the engineers required a process intrinsically geared to the production of
representations of solids rather than relying on the uscr to create the required set
of faces. Today, most solid modecls are based on onc of two data structures, and
often both are present (Woodwark 1986). The “boundary” model is similar-to the
face model, except that the faces, cdges, and vertices of the -model are linked :to-
gether into a structure which is assured in its topological consistency. That is to
say, there are no extra or omitted faces, edges, or vertices of the object. The “sct
theorctic”, or “constructive solid gcometry” (CSG) model, on the other hand, is
defined as the combination of simple or primitive solids (cg. spheres and blocks),
using operators derived from set thecory (cg. union, difference and intersection).
One of the most important propertics of these modelling systems is that they very
suitable for supporting picture generation.

It nceds to be stressed, however, that the graphical capabilities of solid modelling
systems represent just one area of usage. Thcese systems also embody large vol-
umes of structured three-dimensional information which can be exploited to es-
tablish links to many different kinds of database to provide powerful and flexible
archival, training and analytic tools. The potential of solid modelling in archac-
ology, within an integrated multimedia paradigm, for the analysis and presenta-
tion of primary archacological matcrial, is cven greater when we consider that the
latest trend in archaeological data visualisation is toward the usc of free-form
digital solids. In conncction with this, a further aim of this paper is to suggest
how the use of simulated three-dimensional archacological formations can assist
the development of new recording and analytical tools for understanding actual
archacological formations. Such facilities could play an important role in helping
,students to understand better the nature of archacological [catures as well as be-
ing an excellent vehicle for demonstrating the relative bengefits of applymg differ-
- ent exploration scenarios.

Introducing the Archaeologlcal Applications

Boundary models have only recently begun to be applied in mchacology, whereaq
sct theorctic models have a longer pcdlg,lcc (scc Chapman 1991 for 2 more de-
tailed discussion of the rclative merits of the two types of systems for the
archacological user). Since the mid-1980s, we have witnesscd steady advances in
the application of solid modelling techniques, particularly sct-theoretic methods,
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to elucidate ancient monuments, with Roman and Romancsque building com-
plexes being most popular subjects in Britain (cg. Blake 1990; Cornforth and
Davidson 1989; Cornforth et al 1990; Delooze and Wood 1990; Dew et al 1990;
Haggerty 1990; Holliman 1990; Lavender ct al 1990; Rcilly 1989; Smith 1985;
Woodwark 1991), but a wider range of architectures is being explored in, for ex-
ample, Egypt (Boccon-Gibod and Golvin 1990, 8 —19), Greece (Cornforth et al
1990), 1990), Japan (Ozawa 1986; 1989; Oikawa 1990) These projects can be
characterised as collaborative affairs in which archacologists and computer- sci-
entists. establish a symbiotic relationship. . Of course, both partics usually have
different perceptions and expectations of the benefits of this relationship. The
archacological motivation behind the earliest projects: was essentially to cxplore
the potential of this sort of technology to-illustratc monuments. By.contrast, the
computer scientists hoped to overcome certain technological problems in model-
ling complex objects. : - . : ;

Equipped with a detailed model and some facilitics with which to view all its
many aspects, the earliest projects were still restricted to gencrating a relatively
small number of views because of limited processing resources. There is little
doubt that these early solid model reconstruction projects were successful in a
number of ways. (As I have reviewed thesc carly pionccring projects clsewhere
(Reilly 1989) I need not rehearse this material here). s

The archaceologists involved in many of the carliest projects had alrcady formed
fairly firm ideas about what the archacological remains would have originally
looked like before they even considered building the computerised model. In cf-
fect, the solid modecls were really only a means of actualising these ideas in a vis-
ually compelling way. The obvious step of introducing the modelling at a much
earlier stage in a projcct, and exploiting it as a malleable conceptual aid in the
initial data interpretation process itself, was gradually made during the investi-
gation of the rather minimal remains of an carly medicval Manx chapel and
burial ground known as ‘Malew 18’ (Reilly 1988a, 187 —216). Here, experiments
to incorporate a number of features — identificd through several survey tech-
niques — ‘into a coherent solid model brought to light flaws in the initial inter-
pretations. What emerged was that, becausc the human modeller was forced to
define explicitly the size and three-dimensional location of cach feature in the
model, inconsistencies were soon exposcd.. The result was that attention had to
be continually directed back to details in the data. Besides speeding up the
process of exposing and rectifying faulty thinking, thc model building also-had the
effect of targeting key points in the complex where logical stratigraphic (ie. rcla-
tive geo-chronological) relationships might be resolved. This is clearly cssential
information in order to understand the development of the complex. )

From around 1988 onwards the number of tcams developing solid model appli-
cations in archaeology started to grow noticecably. Groups have begun to con-
centrate their efforts on particular aspects of the modelling process, especially
user interface problems and photorealism. Another avenuc being developed s
that of exploiting the data visualisation potential of these modellers at a much
more fundamental stage of the data capturc and analysis process. Human-
computer interface problems in model definition and assembly are clearly impor-
tant issues. Unwieldy-looking text file input methods arc common, but are not
attractive to many non-programmers. Consequently, more sophisticated, user-
friendly. methods are being sought. Howcever, some interesting issues appear in
the wake of this process of making modellers both casier to use and more widcly
available. For instance, the possibility of cstablishing libraries of architectural
elements (or entire monuments) and consistent methods of model definition sug-

=3 =



gests that discussions on standardisation arc incvitable (cf. Eiteljorg 1988). So-
~ phisticated texturcs are rapidly becoming required features in computerised
archaeological reconstructions and consequently greater photorcalism is a signif-
icant research component of scveral intcresting projects. This objective is the
principal driving force behind the technological side of the work is in both the
development of novel algorithms and new, cver-more powerful, processing capa-
bility. Lighting and texture are currently thec main topics being explored. Prob-
ably the most notable recent example of the widespread use of texture, some
incorporating permeable clements, appears in a three-minute animated tour of a
model of Edo Castle, Tokyo. The Fujita Corporation together with IBM Japan
has accurately reproduced the Grand Hall of Edo Castle and its “Pinc-Paintcd”
Walkway using Fujita’s COMPASS computer graphics system. The animation,
rendered using the IBM Japan Tokyo Rescarch Laboratory’s Rendering Sub-
routine Package (RSP), was broadcast as part of the Kasuga-no-Tsubone series
on a channel of the Japanesc public broadcasting station NHK (Nihon Hoso
Kyokai). This beautifully detailed model illustrates Edo Castle as it probably
appeared in Tokugawa period (1603—1867), the period of the Shoguns (sce
Miyata 1990; Nikkei Computer Graphics 1989a; 1989b for graphics).

Relating Analyses and Theories to the Underlying Data

All the above projects are undoubtedly promoting the image of archacology to the
public and provide computer scientists with a fascinating test-bed domain. An-
other set of projects hope to achicve thesc desirable cffects while trying to harncss
the power of solid modelling to help deal with some fundamental problems in the
collection and understanding of archacological data and to find ways of cnabling
people to sce how interpretations relate to the actual material remains cncount-
ered.

This has always been a critical problem for archacologists. Generally spcaking,
every cffort is made by the cxcavators to record all relevant details concerning the
nature of the deposit. The criteria defining what constitutes a rclevant detail arc
always subject to review, and there is often a tendency is to err on the side of
caution, even when there is no clear idea about why certain details could be im-
portant. This is not to say that practitioners nccessarily lean towards an empir-
ical attitude to archacological nature. Rather, a pragmatic tendency towards the
cautious approach, combined with an cver-increasing range of allied and sub- -
disciplines who are interested in a widc range of different facets of buried
archaeological formations, has lead to a veritable explosion of data. Unfortu-
nately, many of the methods of recording (ic. textual description, drawing and
photography) are constraincd by the limitations of the available technology, par-
ticularly the paper interface. For by projecting aspects of a three-dimensional
space on to two-dimensional plancs information is lost and the cffectivencss of
these tools is therefore circumscribed. A scvere limitation is the strict view dc-
pendency. Neverthcless, they are founded on a long tradition of convention and
are useful records. Scale drawings and black-and-white photographs also have
the major attraction of being comparatively cheap (o mass reproduce.

That the first computerised systems for recording and handling archacological
contexts should have inherited many of the characteristics of the traditional paper
interfaces is not very surprising (eg. Alvey 1989; 1990; Rains 1989; Stancic 1989;
Weiss 1989, 314—317). Thesc first-gencration computer-based site recording
systems cnhance considerably cxisting single context and other planimetric re-
cording procedures (cg. Harris 1989) by providing greater frecdom to isolate and
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combinc (ic. phase) contexts in smaller time frames, and their relevance and util-
ity is undoubted. They can, morcover, be adapted to fulfil the role of supplying
an extra dimension to the shape of the contexts which the section drawing man-
aged with only partial success. In principle, at least, any section can be generated
from the planimetric data, providing that il is accompanied by sufficicnt three-
dimensional surface readings. Preliminary cxperimentation indicates that more
flexible records are feasible. In fact, developments in scveral technologics are
creating a climate which could herald major improvements in what and how
archacological material is recorded, structurcd, analysed, presented and dissem-
inated. These are hypertext, or integratcd multi-media systems, and three-
dimensional modelling (including so-called virtual realitics). Both embody
techniques for representing and exploring data. (cf. Cornforth et al 1990; Loveria
and Kinstler 1990; Wilson 1988).

A multi-media approach is being used at -Pompeii, thc Roman city buricd by the
eruption of the volcano Vesuvius in A.D. 79. At Pompeii there has been a heavy
reliance on graphics as an interface to the Pompeii archives. The most important
navigation method through this colossal hypertext databank is via digitised maps
of the city and its environs (Gullini 1989; Martin 1988; Moscati 1989; Zingarelli
1989). Solid models arc employed to help reveal and explain the structure of
dertain buildings, such as the Stabian bathes. such as the SITAG project on
Sardinia (SAPPSN 1989, 31). The idca of combining various data sets — data-
bases, surveys, reconstructions etc — is also being explored by Australian re-
scarchers, working on the Syrian El Qitar project (Ogleby 1988), and by
Americans working on material connected with the Puruvian Inca city of Machu
Picchu (Chohfi 1990).

Virtual Archaeology

Impressive though such enormous projects arc, a gap still remains between the
interpretation and the original data. It is not always readily apparent how one
gets from the dig to the interpretation. Reconstructing archacological sites is just
one aspect of archaeological rescarch. Understanding the subtletics of the raw
data is, if anything, even more important to archacologists themsclves. By con-
structing detailed models of the excavated material, archacologists can re-
excavale the site and search for cvidence which cscaped attention during the
-actual dig (at least to the tolerances imposcd by the original investigative and re-
cording methods used). Research of this kind clcarly has major implications for
how archacological excavation and interpretation is taught as well as performed.

Experimentation with virtual archacological formations may lcad to new insights
into data recording and analysis. The key concept here is “virtual”, an allusion
to a model, a replica, the notion that somcthing can act as a surrogate or rc-
placement for an original. In other words, it refers to a description of an
archacological formation or to a simulated archacological formation. (A simu-
lated data set will normally be shaped by the criteria used for recording an actual
formation). The problem is thereforc to identify the quintessential components
of the archaeological formation under investigation, since these must have impli-
cations for the styles of data representation and information handling that are
possible. It may turn out that in many cascs archacologists nced not record in
any greater detail than present-day standards demand. However, archacologists
must always pose and try to answer such_qucstions as: “to what level of detail
can one record?” or “at what level of detail must one record?’ The overall
archacological objective of developing virtual cnvironments must be to provide
insights into the understanding of archaeological formations by the addition of
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the powerful resources of the computer: a synergistic relationship. A number of
studies are exploring the potential of simulation mcthods for establishing such a
relationship. :

Lately, attention has begun to be focused on modelling archacological formations
as they appear in the field. The challenge is no longer only to model buildings
with simple geometry, but to model thosec amorphous humps, bumps and hollows,
typically found in the course of ficldwork. Set thcoretic solid modelling methods
were introduced into the investigation of the Early Bronze Age scttlement site at
Klinglberg-St.Veit in the Austrian Alps (Reilly and Shennan 1989). Normal
methods of planning, levelling and scctions through features, such as post-holes
and pits, were used throughout the excavations. Nevertheless, attempts to build
three-dimensional models of the deposits from the recorded data were in vain.
Even though the excavators used the highest current standards of archacological
excavation, survey and recording, it could not be said that they produced a true
three-dimensional record. The wunavoidable conclusion is that most
archaeological excavation recording has still a long way to go yet before
excavators can claim that they record archacological featurcs in a manner that
allows their full three-dimensional form to be reconstituted.

The first tentative steps towards building solid models of typical archacological
remains, as they are found in the ficld, took placc in the Mathrafal project, where
an integrated programme of non-destructive surveying techniques (ic.
topographic, magnctometer and resistivity) was applicd to identify the critical
areas of the site wherc the minimum amount of cxcavation would yicld the max-
imum amount of useful information. By mapping the geophysical survey data
onto face models of the site’s topography as colour-codes, the identificd
geophysical anomalies could be compared to local topographic features. As in the
Malew 18 project the combined data sets showed some interesting details and a
solid modecl reconstruction of several identificd features, such as a building, kilns
and a palisade, was built (Arnold et al 1989),

At this time, scalar fields, which could be handled with the same operators (ie.
union, difference and intersection) as other Winsom primitives (ic. plane, cube,
sphere, cylinder cone, ellipsoid and torus), were developed to enable chemists to
look at equipotential surfaces around molccules. A regular grid of thrce-
dimensional values defines the location of ficld properties including membership
of the set of points inside a complex shape (Burridge ct al 1989, 561 —562). A
variant of the fields primitive made it possible to integratc a solid model of the
site’s surface morphology with reconstructed components derived from the ana-
lyses of the non-destructive geophysical surveys (Arnold ct al 1989). In com-
bining the interpretation with the measured data, it is very casy to scc how the
two categories of information relate to onc another. At the same time attention
is redirected to unexplained features or anomalies which are Icft exposed.

The extra freedom that the field primitive introduces into the modelling drena has
an important implications for archacological ficld recording methodologies, espe-
cially when we take into account parallel developments in other technologies
which could conceivable converge in an integrated, seamless and multidimen-
sional multimedia information environment. A project, known as Grafland, has
attempted a few tentative steps towards achicving this goal, by creating an im-
aginary archacological formation. Grafland is a simulated three-dimensional
solid model of an archacological formation containing layers, pits, post holes,
cuts, recuts and so forth, and is a direct descendent of the data exploration and
teaching experiments pioncered in research simulations like Clonehenge and cdu-
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cational initiatives like SYASS. It is intendced to illustrate, in broad terms, how
archacological site-recording systems such as HINDSITE (Alvey 1990), might be
extended through the use of a multidimensional representational tool, like a solid
modeller, to be further enhanced by enabling links to a wider hypertextual system
of the Pompeii kind. Advances in modclling frec-form solids mean that archae-
ologists can experiment with new recording strategies which supersede the tradi-
tional view dependent conventions. Solid models do not exclude the continued
use of the well-established conventions; such schema could be extracted from the
solid model definition. Most of the cut features in the Grafland model are com-
posed of compound CSG shapes, such as cylinders and spheres or parts thercof.
However, some of the contexts have been modelled as if a real irregularly shaped
featurc had been found with artefacts deposited it. Of course, much more com-
plex models are possible.

The purpose of Grafland is to demonstrate that archacologists can produce less
abstract records of buried archaeological data than has hitherto been normal.
Rather than reduce the record to a serics of singlc context plans and scctions,
cach context is defined as a three-dimensional solid which can be examined from
any aspect or sectional view. Once in this form it is susceptible to novel methods
involving transformations and interactions which open the way for new know-
ledge to be created and insights about the nature of three-dimensional deposits
and their recording to be gained.

A Grafland animation sequence has been generated to illustrate the composition
of the model excavation. The animation brings out several key points. To begin
with, the multiple views of the model demonstrate the principle of constructing
true three-dimensional solid models of archacological formations is feasible and
provides a superior record and databasc for further rescarch. Allicd to this, ar-
chaeologists can present larger volumes of complex data Lo a wider audience in
more meaningful ways. This should enable archacologists to explain better how
their interpretations derive from the data. Perhaps most important of all, data
cxploration and analysis are promoted still further. Visualisation can be explor-
atory — in the sense that the researcher may pan through the data looking for loci
of activity and other evidence. In other words, searches can be spatially
organised, with the structure of the solid model being cxploited as an efficient
high-level spatial index. Conversely, the visualisation can be more attribute di-
rected. For example, if the modeller labcls, or provides pointers to and from,
component features it is possible to isolatc specific and associated stratigraphic
components using standard database functions. An cxample might be a model
in which all the cut feature between layer o and layer f§ arc isolated and displayed
in order to study the different routes by which residual material could have
travelled in getting from o to ff. The solid model description has the additional
benefit of having valuable quantitative details, such as volumetric information
about contexts, implicit in the model definition. .

Prospects

It seems then that the various technological and intellectual threads discussed
above are coalescing. A logical extension of the hypertext concept is to integrate
solid models of the kind outlined into a multimedia environment, not only as
theoretical reconstructions, or even threc-dimensional models of the recorded
features, but as user.interfaces for data intcrrogation and navigation. Hyperlinks
could be introduced between the solid modcl and other data scts associated with
the object of interest (eg. image, audio, video, DVI and text). A three-
dimensional cursor could provide one possible interface, allowing users to
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“point” at part of the model to discover what is being looked at and whether
further information is available.

The convergence of these technologies, solid modelling and hypertext, opens up
many interesting avenues which need to be explored in order to make the one
archaeological record acceptable to those interested in preservation through re-
cording, research, education and presentation.

In the area of “digital solids”, in which frce-form solids arc modelled, we arc
witnessing exciting new developments. Alrcady, modecllers can extract fcaturc
data from sets of medical scans (eg. thosc produced in CAT) to build three-
dimensional models of patients (cg. Tyrell et al 1990). Medical tomographic data
is analogous to the geophysical scans produccd from devices such as the “Ground
Pulse Radar”, which is apparently capable of registering even small
archaeological features many metres below the ground (Addyman and Stove
1989). However, there are two significant differences between the nature of the
data embodied in medical and archaeo-geological scans, each of which represents
a considerable challenge to routinely modeclling and analysing archaeo-
geophysical formations. First, the sheer volume of data is enormous and is al-
ready pushing hardware and software processing rcquirements. Second is the
problem of feature recognition and extraction. Building models from scans of
patients is made simpler because there alrcady cxists a considerable amount of a
priori knowledge about the nature of human physiology.

At the moment feature extraction is difficult- with straightforward gcometric
models (eg. Jared 1989). Looking for mecaning in a virtual sea of hetcrogencous
three- (or more)-dimensional data is one of the key problem-arcas currently being
addressed at the leading edge of the modeclling world. However, there are many
situations where non-destructive investigations would be a great boon for the
profession. Developing these methods may help in delicate situations where, for
instance, excavation might be regarded as profaning a sacred site. Equally, they
should encourage us all to think more deeply about the physical nature of what
it is we are investigating. Archacologists should look forward to progress being
made in multi-dimensional solid modelling with particular enthusiasm.

In the meantime, Grafland-like models might be uscd as controlled data scts to
devise and assess different excavation, rccording and analysis scenarios. They
may even prove helpful in evaluating the strengths and weaknesses of pattern
recognition procedures.
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