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Abstract
Across a range of archaeological projects in Northern Greece, a context-based system, which has much in common with similar stratigraphic
methods applied elsewhere in the world, is in use to record the excavation process. Here, we discuss a formal data model and complete digital
workflow for the documentation of this process in 3D using the prehistoric site of Paliambela Kolindros, Greece, as a case study. The entire
digital process has the advantage of being implemented on a single software platform. In addition, the combination of formal ontology and cus-
tom object-oriented programming enables a suite of techniques for exploratory data analysis and stratigraphic interpretation.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

During the past 10 years, a range of prototype, bespoke
and/or commercial applications for the digital documentation
of excavation have been developed in different countries and
on the basis of distinct fieldwork practices (for a review see
Kvamme, 1999: 164e167; Lock, 2003: 78e123. Also, Clarke
et al. (2003) and Powlesland et al. (1998) provide some inter-
esting examples on information flow through to publication).
Although the functionality that these provide is gradually
improving, a more active role for such digital methods in
the actual process of archaeological interpretation is still pur-
sued. Digital datasets can encourage reflexivity in the excava-
tion process, as they enable easier correlation, re-assessment
and re-assembly of fragmented information in the excavation
archive (Hodder, 1999: 178e188; Roskams, 2001: 267e
287). The use of GIS to integrate excavation recording
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procedures, data management, digital object representation
and spatial analysis, ideally could lead to the formation of
a complete digital workflow for archaeological documenta-
tion. Towards this end, we focus on the combination of three
critical elements: (i) the development of an explicit data model
for georeferenced archaeological data, (ii) effective recording
and handling of spatial entities in 3D and (iii) the development
of 3D tools for intra-site analysis. The approach described here
is based on an explicit semantic and geospatial model and a
relatively transparent development environment (ArcObjects)
that allows communication with different software platforms
and is potentially open to further adaptation and customization
by other users.

2. Context of study

Perez (2002) emphasizes the fact that existing information
systems for cultural resource management have focused on
producing bits of custom-built functionality without necessar-
ily grounding these on well-established computer science te-
nets, such as domain definition and system development
methodologies (for an explanation of these terms see Dennis
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et al., 2001). In addition, the application of GIS in excavation
practice has been hindered by the difficulties associated with
handling 3D spatial entities and incorporating the temporal di-
mension into digital archaeological information (Wheatley
and Gillings, 2002: 233e236).
2.1. Data models for archaeology
Archaeological observation proves to be very complex to
model in database terms as it presents a broad variety of ana-
lytical objects, concepts and actions that are related in a wide
variety of ways (Madsen, 2003). During the research process
both relations and object definitions require re-adjustments
as new conceptual categories (e.g. a broader stratigraphic
group or phasing) emerge as part of the interpretive process.
Furthermore, typological constraints and uncertainty about
basic material properties (e.g. colour or chronology), caused
either by the differences in excavation recording methods or
simply the subjective nature of archaeological description,
make the task of defining archaeological units and their char-
acteristics even more complex. Finally, the implementation of
an excavation data model within a georelational data frame-
work requires advanced linkages between textual and graphi-
cal information (D’Andrea, 2003). Despite these restrictions,
the use of object-oriented conceptual modelling and the devel-
opment of explicit ontology models with spatio-temporal
elements, such as the CIDOC-CRM ISO 21127 (Doerr,
2003), can place the excavation process in a more structured
analytical and semantic domain.
2.2. Can intra-site GIS move to 3D?
Strongly connected with these problems are the current lim-
itations in representing excavation data within a GIS. Most
systems for excavation data management are largely two-
dimensional and depict information by a series of overlaying
context plans. The actual excavation contexts are either miss-
ing or are drastically simplified in 2D. Although 2D spatial
analysis in current commercial GIS packages is efficient, the
provision of 3D functionality is a complex issue both from
a practical and theoretical perspective. 3D GIS functionality
aspects, such as object manipulation, geometry and topology,
are still not embedded in current GIS systems (Zlatanova
et al., 2002). As a result, 3D representation of stratigraphic
contexts in GIS has been a major concern since the mid-
1990s (Lock, 1995; Zhukovsky, 2002; Barceló et al., 2003;
Barceló and Vicente, 2004). In a recent paper Losier et al.
(2007) provide a thorough discussion on 3D excavation unit
modelling methods.

Several criteria should be taken into account in order to
choose the most suitable spatial data model. Many researchers
propose 3D grid representation (voxels) as the most appropri-
ate data format for handling volumetric entities and visualizing
continuous phenomena (Cattani et al., 2004; Bezzi et al.,
2006). However, their incorporation in a GIS environment is
still problematic in both simple display and overall manage-
ment asdbeing scale-specificdthey demand large numbers
of survey points in order to achieve an appropriate resolution,
tend to produce very large data files (Cattani et al., 2004;
Losier et al., 2007: 282) and present difficulties with multiple
attribute relations. Alternative ways of constructing 3D objects
are provided by Constructive Solid Geometry (CSG) or 3D
boundary representation (B-rep). CSG objects can build up
more complex shapes by combining 3D spatial primitives,
e.g. cylinders, spheres, cubes (Jarroush and Even-Tzur, 2004).
However, the irregularity present in archaeological strati-
graphic entities makes their application ineffective. In the last
decades, 3D boundary representation modelling has been stud-
ied intensively. B-reps reveal some important advantages in
terms of construction and GIS management. The boundaries
of such objects can be easily constructed by relatively few mea-
surements taken on the field, while their shape accuracy is
related to the survey precision without necessarily having
a great impact on the file size. In addition, they can be effec-
tively linked to the attribute data through an appropriate geo-
relational system (Apel, 2004: 27e32; Stoter and Zlatanova,
2003a). Although they do not provide direct volumetric infor-
mation, geometrical algorithms can be applied for this purpose
(Losier et al., 2007: 284).
2.3. Placing an emphasis on temporal data
Additional requirements are placed on GIS functionality,
since the investigation of material culture transformations
through time is one of the primary goals of archaeological re-
search. Although temporal reasoning has only recently been
given a theoretical focus in archaeology (Gosden, 1994), al-
ready many researchers stress the fact that the linear, objective
and irreversible notion of time that is maintained in field ar-
chaeology should be replaced by more flexible approaches
that incorporate the concepts of multiple temporal paths, dif-
ferent time-scales and the prospect of non-linear trajectories
(Bailey, 1983; Castleford, 1992; Lucas, 2005).

Within GIS, most research on spatiotemporal databases is
linked to the modelling of dynamic phenomena, i.e. temporal
data representing constantly changing events in the present.
Despite ongoing research in spatio-temporal database systems
(Sellis et al., 2003) and geovisualization techniques (Dykes
et al., 2005), the implementation of the temporal dimension
in spatial databases and support for truly temporal analysis
of GIS data has not been effectively achieved in most GIS sys-
tems (Constantinidis, in press). Within a 3D GIS environment
temporal data modelling and representation is even more dif-
ficult, because the available tools are limited to relatively triv-
ial features such as time-stamping and temporal animation
techniques.

Excavation data differ from dynamic temporal phenomena
in the sense that they represent events or durations that have to
be organized both in a relative or absolute manner, and with
more or less interpretive certainty (Constantinidis, in press).
A major issue in archaeological reasoning is the temporality
of material objects or, to put it more evocatively in the words
of Olivier, 2004: 206), the fact that ‘‘Material things embed
themselves in all subsequent presents’’. An artefact can,
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therefore, have multiple temporal values depending on the
date of its production, use, deposition or recovery. Shanks
and Tilley, 1987: (118e136) maintain that the significance
of temporal reasoning in excavation is the reduction of differ-
ence by identifying temporal data sequences and the produc-
tion of meaningful chronological statements. In the first case,
temporal sequences can be related to the concept of strati-
graphy, while in the second, chronological meaning can be
related to the deciphering of material temporality. The funda-
mental conclusion to draw from all of this is that, to support
temporal reasoning effectively, excavation databases must
incorporate both multiple sets of temporal values for archaeo-
logical material and a range of carefully designed tools for
temporal classification and exploration.

3. Excavation as an analytical domain

Object-oriented software development methods such as
those offered by the Unified Modelling Language (UML)
(Dennis et al., 2001) allow analysis of a chosen application
domain in conjunction with the iterative and incremental mod-
elling of any proposed implementation through a series of
diagrammatic depictions. UML can provide a systematic way
to acquire knowledge about the domain of excavation practice
that incorporates, not only what is documented during field-
work, but also how the archaeological reasoning process com-
bines known data and further observations during later stages
of analysis. The means to perform the analysis are a series of
use-case scenarios (formal descriptions of the domain pro-
cesses) that provide an account of excavation workflow and
post-excavation study.
3.1. Excavation practice at Paliambela Kolindros
The excavation and recording methods at Paliambela
(Fig. 1) are part of a wider approach in use by several archae-
ological projects in Northern Greece and present strong simi-
larities to many other context-based recording systems
throughout the world (see Roskams, 2001). Their particular
Fig. 1. The excavation site of Pa
traits have been described in more detail elsewhere (Kotsakis,
1989; Katsianis et al., 2006; Kotsakis et al., in press): to sum-
marize briefly, the archaeologist tries to follow the extent and
limits of each stratigraphic deposit, but is able to subdivide
their investigation into smaller arbitrary excavation units,
based on observed differentiations (e.g. in the soil texture,
moisture or inclusions), until the deposit is removed to its
full observable limits. This process of deposit subdivision
presents advantages in the gradual removal of the layer, the
limitation of material contamination, ease in material manage-
ment and most importantly, subsequent re-evaluation of the
excavation process based on other criteria (i.e. the revealed
section). However, it presents some drawbacks, since spatial
and attribute information about a deposit is further compart-
mentalized into a collection of small units. In addition, the
excavation archive goes through a process of further fragmen-
tation during post-excavation study (Jones, 2002). During this
stage, distinct material categories (e.g. different find cate-
gories) are distributed among specialists in order to carry
out individual studies and provide feedback that can aid later
stratigraphic analysis. The above practices can make strati-
graphic reconstruction a more difficult task due to the
complexity of the records associated with every excavation
entity.
3.2. Domain analysis of excavation practice
The use case analysis demonstrated that the main advantage
of the methodology in Paliambela is the linkage of attribute in-
formation to discrete objects defined by the archaeologist.
These objects form the basis for every new interpretive entity
that is created through the process of stratigraphic analysis and
post-excavation study. It seems then that the object-oriented
paradigm is particularly appropriate for modelling the excava-
tion domain and is favoured here for both data organization
and representation. In addition, documentation and recording
during fieldwork proved to be a relative standardized process,
in contrast with post-excavation study. The fragmentation of
the excavation archive among the specialists discourages the
liambela Kolindros Greece.
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interpretive engagement with the totality of the site (see also
Jones, 2002). To overcome this situation, the excavation ar-
chive should present a basic level of documentation and the
ability to structure the database further in response to the inter-
pretive process and specialist feedback.
3.3. Implementation platform
Esri’s ArcGIS was chosen as the unifying software platform
for several key reasons: (a) being an industry standard, (b) in-
corporating a functional 3D viewing environment (ArcScene),
(c) presenting abilities for customization, (d) having a spatial
database system with object-oriented characteristics and
(e) supporting communication with external programs (Rock-
Ware, EVS, CAD, Sketch Up). In the lack of advanced Spatial
Database Engine (SDE) license a personal geodatabase using
MS Access was employed. In terms of application design
software, MS Visio was used for the drawing of the system’s
data model, as it presents XML export capabilities to ArcGIS.
We feel, however, that it could be extremely useful to explore
the potential of open-source implementation as it can over-
come the problems of low budget that most excavation research
projects usually experience.

4. Excavation data model

As described by Arroyo-Bishop and Lantada Zarzosa
(1995) ‘‘archaeology is an object-space-time relationship
that needs to manage all three of these factors in order to arrive
at valid conclusions’’. GIS can be described as a means to ex-
ploit structured linkages between thematic and spatial or tem-
poral data. The model presented below is organized around
these three axes.
4.1. Thematic data organization
1 So far polymorphism (i.e. multiple object inheritance), a very important

characteristic for modelling archaeological data, has not been implemented

in most spatial databases.
The data model was based on the definition of some key
points of reference that emerge from the use-cases, the analy-
sis of existing paper recording forms and past conceptual data
models (Hadzilakos and Stoumbou, 1996). Basic concepts as-
sociated with the archaeological process were defined in UML
with reference to the CIDOC-CRM ISO 21127 standard
(Crofts et al., 2005). Its adoption from the early stages of
the project aimed primarily to provide an explicit account of
the terms used in the data model and show the conceptual re-
lationships that exist between the data. A second reason was to
allow us future scope to assess, critically and pragmatically,
the oft-advertised advantages that semantic interoperability
is supposed to bring to the internet delivery of excavation
data. Design patterns from the ontological model of the work-
flow of the Centre for Archaeology (Cripps et al., 2004), have
been used in order to achieve semantic compatibility and pro-
vide a degree of accordance between different excavation
methodologies (Fig. 2). The mapping of these basic concepts
and their relationships in a UML class diagram allowed the
definition of specific behaviour and rules that can be linked
to spatial entities in a GIS database. The concepts were
implemented as object classes whose instances present
object-oriented characteristics, such as generalization, aggre-
gation and inheritance (Conolly and Lake, 2006: 51e60)1

(Fig. 3).
Stratigraphic analysis and chronological phasing reflect

a process of context grouping (Clark, 2000, Roskams,
2001: 257e261; Herzog, 2004). By incorporating a hierarchi-
cal aggregation mechanism within the data model, the data-
base can aid stratigraphic reasoning via a series of grouping
stages. The data model allows low classes (e.g. excavation
unit/feature) to be aggregated on the basis of archaeological
criteria to interpretive high classes (stratigraphic layer/fea-
ture group). When the new higher class element is created
and populated with attribute data, all the component classes
inherit its characteristics (e.g. stratigraphic relations). The
organization of stratigraphic reasoning through an aggrega-
tion process allows the re-examination of excavation work
and endows the archaeologist with a way to literally recon-
struct the site in its entirety. It provides a further advantage,
since the recorded information during fieldwork is left intact
and all interpretive comments during post-excavation study
are retained in higher level classes. By relating all primary
remarks concerning the reasoning behind an action of inter-
pretation (e.g. context identification or deposit grouping) to
the particular archaeological entity that is the outcome of
this process, a record of interpretive reasoning is imbedded
within the database and not kept elsewhere (e.g. in external
reports or video recordings).

The properties defining in each class of the data model are
left as simple as the initial level of recording in the field and
not extended to all sub-domains of specialist analysis (e.g. pot-
tery, food-residue study). Data tables that contain basic infor-
mation can be exported to other programs, where specialists
can add remarks or perform additional analysis. Their observa-
tions can be re-imported in the database and visualized or clas-
sified accordingly.
4.2. Spatial data types
However, for a GIS to operate effectively, basic elements of
the defined classes have to be represented spatially. For our
purposes we define seven basic spatial elements of archaeolog-
ical information that can be represented as 3D vector features.
Most represent actual objects in the real world, such as a fea-
ture or a find, whereas others are a conceptualization of archi-
val events that occur during recording, such as an excavation
unit, a drawing or an orthophoto. They provide the basic ele-
ments around which archaeological information is collected.
Their 3D graphical representation is crucial for the exploration
of information in a GIS environment (Stoter and Zlatanova,
2003b). Subsequent spatial groupings that occur during post-
excavation study, such as more complex stratigraphic layers



Fig. 2. Digital implementation of the data fields found in a paper context recording sheet showing their relationship to CIDOC-CRM entities.

659M. Katsianis et al. / Journal of Archaeological Science 35 (2008) 655e667
or phases, can be represented by their constituting elements,
the excavation units and features respectively (Fig. 4).
4.3. Temporal data inclusion
2 This procedure gave the best results during the testing of various interpo-

lation algorithms.
Extending the observations made by Koussoulakou and
Stylianidis (1999) about the temporal categories used in an ar-
chaeological excavation we have identified six temporal paths
when describing archaeological data that can be incorporated
in a database system through time-stamping as events, dura-
tions or relative temporal relationships (Table 1).

These categories apply to different sets of archaeological
data, but can be used to assign chronological character to a de-
posit. They have been incorporated in the database as time-
stamps so that they can be inherited or assigned to different
sets of data. For example, an excavation unit recorded on
25/5/2003, is created as an entry in the database on #25-05-
2003 00:00:00#, is assigned to Late Neolithic based on pottery
typology, contains a 14C sample that dates the deposit to 4700
BC (around which lies a probabilistic envelope of uncertainty),
is part of a group layer that is later than another group layer
assigned to Middle Neolithic and is associated with Phase
IV of the excavation record. Depending on the archaeological
question, the proper set of temporal attributes are used to clas-
sify the excavation data (Fig. 5).

5. From field recording to object construction

The way objects are constructed in a GIS environment will
inevitably be strongly related to the recording methodology
used in an excavation. At Paliambela, the excavation grid
was based on the Greek national coordinate system and
provided the basis for both the spatial recording of the excava-
tion and the creation of a Digital Elevation Model (DEM) of
the site area. The location and extent of archaeological entities
are recorded by total station and the production of ground
plans and sections is facilitated considerably by 2D photo-
grammetry (Patias et al., 2005).
5.1. Producing 2.5D raster surfaces
Raster data types initially provide the basis for all plans,
sections and digital photos. At the same time, a set of point
measurements is taken over the entire excavated area (follow-
ing the recording suggestions by Cattani et al., 2004: 300), and
a DEM is created using the IDW 12 interpolation procedure
with breaklines2. Mosaics of the raster data can then be fully
georeferenced and displayed with Z values directly from the
DEM. However, since spatial databases present limitations in
the effective management of such complex representations,
and after some experimentation (see Katsianis et al., 2006),
we have decided not to embed these in the main excavation
geodatabase and instead use hyperlinks to the raster data sour-
ces which contain predefined display and symbology settings
(Fig. 6a).
5.2. Producing 3D vectors
In many ways more important to our purposes has been the
reconstruction of most excavation entities as 3D vector



Fig. 3. Object class diagram defining relationships in a typical excavation workflow.
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features from their recorded spatial coordinates. In this re-
spect, the GIS platform currently preferred for our work at Pal-
iambela (ArcGIS including ArcObjects and ArcScene)
supports 3D point, line and polygon vectors as well as 3D mul-
tipatch b-rep objects (ESRI, 1998: 20e25).

More precisely, the site trenches are visualized as 3D lines
or polygons that gain their Z value from the excavation area
Fig. 4. Spatial cl
DEM. Finds and samples are recorded using single X, Y, Z co-
ordinates and thus can be represented as 3D point data
(Fig. 6b). Plan drawings are multipart linear features that
also receive their Z values from the DEM of the recorded
area (Fig. 6c).

Excavation units are particularly difficult to model as they
represent volumetric spatial entities with irregular shape.
ass diagram.



Table 1

Temporal categories recorded as timestamps

Temporal

categories

Description Temporal

Concept

Examples

Excavation time Recording time Event 25/5/2003

Database time Creation time in the

information system

Event #25-05-2003

00:00:00#

Stratigraphic time Relative temporal

distinction

between deposits

Relative

position

Layer X >

(Is Later Than)

Layer Y

Archaeological time Cultural temporal

categorization

Duration Late Neolithic

Site phase time Excavation

chronological

framework

Duration Phase IV

Absolute time Absolute chronology Event 4700 BCþ/�
150 years

All or some of these temporal paths apply to different excavation objects

depending on the interpretive objectives.
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Initially, we developed a method for constructing excavation
units using geological visualization programs that could be ex-
ported to GIS as contiguous multi-part polygon objects (Tsi-
pidis et al., 2005). However, their large file size and the
inability to be treated as single objects within the database
made them insufficient for our purposes. An alternative con-
struction method was therefore developed that allows the
production of multipatch entities from individual measure-
ments through a programming routine (Fig. 6d). The pro-
posed method fulfills the need for direct 3D object creation
as the 3D excavation unit object can be rapidly created and
stored in the database, even during fieldwork. At present,
due to the individual modelling of each excavation unit,
a level of shape simplification still occurs that can result in
slight overlaps or empty areas in between. The use of better
Fig. 5. Temporal c
surveying equipment (e.g. laser scanners) could minimize
these effects. Major empty spaces and extensive overlaps
are indicators of plotting mistakes made during fieldwork
or the process of digital data input, and can be minimized
by careful modelling.

Finally, more complex objects, such as archaeological fea-
tures (Fig. 6e) or section layers (Fig. 6f), can be constructed
through the use of 3D CAD software and become incorporated
in the spatial database as complex multipatch objects through
supported import routines (Tiede and Blaschke, 2005). In this
case the level of detail is again related to the available survey-
ing equipment (Fig. 7).

A key advantage of this approach is that the 3D vector
primitive for each archaeological unit is recognized as a single
object within the GIS environment (unlike the case that would
pertain for TIN or voxel models of archaeological surfaces)
and implies a one-to-one correspondence between a record in
the database and an object in the graphical environment.
5.3. Depicting 3D vector objects
The comprehensive display of archaeological data in a 3D
environment requires strategies for the use of appropriate sym-
bology. Simple 3D point markers (e.g. tetrahedron, cube, cone,
sphere, etc.) and other cartographic elements such as colour
ramps (e.g. Munsell colour values), textures (i.e. soil texture
icons) and transparency can be used from within several GIS
applications (e.g. Grass, NVIZ, MapInfo, ESRI ArcScene).
More complex custom symbols can be created in various soft-
ware platforms (3D studio, Open Flight, Sketch Up, VRML)
and enhance 3D representation. Finally, 3D text labelling
can also facilitate the understanding of the displayed scene
by creating identifiable reference points. Despite these existing
lass diagram.



Fig. 6. Object representation in 3D. (a) Raster images of plans and sections, (b) finds and environmental samples, (c) drawings, (d) units, (e) architectural features,

(f) digitized sections.
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options, we feel that with the shift of archaeological recording
and representation to 3D environments new forms for carto-
graphic design and spatial communication should be explored
and introduced (Fig. 8).
Fig. 7. (a) Photo of unearthed door pivot, (b) photo draped over area DE
6. System functionality

The visualization of these elements in a GIS environment
and the manipulation of the object-oriented relationships
M, (c) multipatch object created in Sketch Up from elevation TIN.



Fig. 8. Combination of trenches, excavation units, finds, drawings and photos with advanced symbology.
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defined in the data model are possible through a range of ex-
isting and generally available tools. These tools enable the
user to navigate through the data, re-establish the connection
between objects and their contexts as well as reveal misunder-
standings that occurred during fieldwork. Basic data explora-
tion functionality offered by most GIS packages includes the
identification of archaeological features, their selection and
classification based on attribute data and the construction of
more complex thematic queries (Conolly and Lake, 2006:
112e149) (Fig. 9).
6.1. Custom tools
Despite these existing options, the process of archaeologi-
cal reasoning requires further functionality that is not present
in most GIS software but can be implemented by various pro-
gramming routines (e.g. Visual Basic, Arc Objects, C). For our
purposes at Paliambela, we have developed three main tools
that facilitate aspects of archaeological reasoning process
and digital documentation.

First, for exploring features in 3D space, operations such as
calculating distances or selecting objects based on 3D buffer-
ing can enhance the process of defining and understanding
archaeological entities and their contexts. Following the exam-
ple presented by Nigro et al. (2003), we have developed a 3D
point-to-point distance tool that can be used to perform spatial
queries on either single X, Y, Z records or multipoint entities
(Fig. 10a,b). These queries can be restricted to a specific 3D
search radius (e.g. within 3 m of a particular location),
a direction (e.g. north-east of a particular location) or a vaguer
spatial association (e.g. nearest to). By calculating global dis-
tance measurements between a set of points in 3D space, we
are also able to compute the minimum, maximum, mean and
total distance of a point (e.g. a find) in relation to all other
points of a defined dataset. These measurements can form
the basis for the implementation of spatial statistics. As shown
in Fig. 10c, the application of a nearest neighbour analysis
followed by a z significance test, can help in the indication of
spatial patterning within a specified artefact population. More
sophisticated statistics, can be performed within specialized
software (SPSS, S-Plus, R) after these measurements are ex-
ported as a standalone table.

A second important aspect of spatial data exploration is the
ability to perform and store user-defined sections, so as to give
an idea of the vertical or horizontal stratigraphic layout of ex-
cavation units inside a trench. Drawing on previous experience
from the RUNSECT program developed in the mid-1980s
(Kotsakis, 1989) and using 3D geometry, a plane can be de-
fined by the user anywhere in the site area. A programming
routine computes the points of intersection between each exca-
vation unit and the plane. Based on these points a 3D polygon,
depicting the footprint of each excavation unit over the plane,
is created and can be stored in the database. The aggregate of
this process for all intersecting units provides an arbitrary,
user-specified section through the site. Each of the resulting
section polygons can then also be linked to the information
of each excavation unit and participate in all its relationships
within the data model (Fig. 11).



Fig. 9. Thematic data classification, thematic selection and identification of features.
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Finally, to assist stratigraphic interpretation we have also
implemented a third tool that draws on the UML data model
classes and allows the user to aggregate them into higher level
stratigraphic entities (see Section 4.2). This method is similar
to the grouping process that often occurs in context-based re-
cording in the field (e.g. where individual contexts are given
grouping numbers). The creation of an aggregated object is
followed by the summary of the interval or ratio-scale values
(e.g. volume) of each constituent object, whereas nominal-
scale values (e.g. soil texture) are summarized by the archae-
ologist after checking their presence ratio within the
Fig. 10. Data exploration in 3D space: (a) selection of finds by 3D distance, (b) selec
aggregated population. The stratigraphic relationships in
which this object participates (i.e. Group Layer III is earlier
than Group Layer IV) are defined by the archaeologist and
registered in the related table. Additional temporal attributes
such as creation date or cultural period classification can
also be assigned at this stage (Fig. 12).

The 3D representation of deposit entities and the explora-
tion of their stratigraphic relations in 3D space can be a lot
more informative than a 2D stratigraphic sequence diagram
(Harris Matrix) (Adams, 1992; Chadwick, 1998; Day et al.,
2004). By visualizing simple temporal queries such as ‘‘select
tion of excavation units by 3D distance, (c) applied nearest neighbour analysis.



Fig. 11. Vertical section of trench 5. Two excavation units are shown as transparent.
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the group layers directly related to group layer IV’’, anomalies
can be revealed by visual examination and relationships can be
re-evaluated. However, the full depiction of a complex strati-
graphic sequence in 3D space using actual deposit display
needs to be further enhanced by innovative forms of symbol-
ogy in order to be entirely effective.

7. Benefits from using GIS

Using digital recording forms for attribute data input and
the aforementioned recording routines for the construction of
the spatial features, almost 50% of the site’s analog archive
at Paliambela has already been digitized and linked to the
Fig. 12. Grouping excavation units into a higher-level stratigraphic entity. The bottom

such as soil texture.
related spatial representations (15 out of 29 trenches, 2500
out of w4000 excavation units, 4500 out of w4500 finds,
4000 out of w4000 samples, 25 out of w130 plans, 15 out
of w300 features and 5 user-defined sections). All this infor-
mation (vector datasets and attribute data tables) does not ex-
ceed 30 MB of disk memory (excluding, of course, all raster
and grid files that are stored externally in system folders).
As a result, the display of all this material can be handled ef-
fectively within the 3D viewing environment.

Field recording using this routine was given a final test dur-
ing the excavation period of summer 2006 and resulted in hav-
ing 75% of the material digitized by the end of fieldwork. The
digital recording process of six 5 � 5 trenches during 6 weeks
right chart allows the user to decide how to aggregate nominal-scale variables
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of excavation was based on the use of a single total station, a dig-
ital camera, two laptops and a desktop computer. Apart from the
authors, one surveyor and two students (one for attribute data
input and another for plan vectorization) were engaged in the re-
cording process full time during the whole period.

The unification of the recording workflow on a single GIS
platform has allowed the rapid and cost-effective creation of
the excavation’s digital archive. The representation of the ex-
cavation features in 3D space and the ability for the archaeol-
ogist to explore relationships and visualize his or her queries
overturns the view of the excavation archive as static and in-
accessible. Although accessing the data is admittedly difficult
for archaeologists inexperienced with GIS technology, a cus-
tom-interface is under development, so that the exploration
of data can be performed without necessarily having the GIS
expert present. Finally, the usage of GIS ISO 19115 allows
the dissemination of the data through the internet on the basis
of XML database schema and related export facilities.

8. Discussion

To conclude, GIS is very close to becoming a powerful and
wholly effective tool for 3D intra-site documentation and anal-
ysis. The model developed for Paliambela Kolindros can be
broadly applied to other sites that present similarities in excava-
tion methodology. The systematic exploration of archaeologi-
cal reasoning processes within the domains of ontology,
visualization and time can reveal new opportunities for the or-
ganization, analysis and representation of archaeological data
in GIS environments. Our focus here has been on providing a so-
lution for contemporary intra-site archaeological research, after
careful consideration of the excavation process and in full view
of current computational possibilities. In this sense, the pro-
posed workflow allows the recording of archaeological obser-
vation in a digital GIS environment, which can support tools
for the exploration of archaeological information and provide
the ability for further data structuring in a data-led synthetic
manner. We also hope it will promote further discussion and de-
velopment in both the commercial and Open Source sectors.
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