
Geoinformatics 2004
Proc. 12th Int. Conf. on Geoinformatics − Geospatial Information Research: Bridging the Pacific and Atlantic

University of Gävle, Sweden, 7-9 June 2004

233

GIS DATA MODELING OF 17TH CENTURY FORTRESSES ON
DARDANELLES

C. Guney1, B. Yuksel2 and R.N. Celik3

The Division of Geodesy of Istanbul Technical University
1guneycan@itu.edu.tr, 2banuyksl@hotmail.com, 3celikn@itu.edu.tr

Abstract
This study intends to promote the focus on data models and their concepts in order to
provide a non-redundant maintenance and cooperative utilization of geographic data by
different applications developed within the interdisciplinary project. Furthermore, this
paper proposes a data model “GeoHistoryReprository” for efficient GIS data maintenance
and management. It makes use of a spatiotemporal data model for describing various types
of dynamic changes of Geographic Information System (GIS) data, manipulating data in
multidimensional space including time.

INTRODUCTION
The Documentation Project of the Ottoman Fortresses, “Seddulbahir” and “Kumkale”, is a
project undertaken at the Division of Geodesy, Istanbul Technical University (ITU) and the
Department of History, Koç University; to explore a preparation of a multimedia supported
four dimensional (4D) information system through internet to aid geographically-oriented
the historical documentation of the fortresses. It is with this larger, long-term goal that the
team of surveyors, architects, historians and archaeologists began in 1997 to working
together on the project. The location of the fortresses is approximately 26°.199 EITRF and
41°.006 NITRF and the distance between the two fortresses is approximately 4150 meters. As
“Seddulbahir” is located on the European side of the straits, at the southern end of the
Gallipoli Peninsula. The fortress of “Kumkale” is on the opposite Asian shore,
approximately five kilometers from Troy.

The vision of the project is to model accurately the “life history of the fortresses” within a
GIS project to determine more accurately and efficiently the architectural changes from 17th

century to the present day and to explore the natural, economical, social and political
events, which have caused structural changes to the fortresses and surrounding buildings
and environs. (Guney and Celik, 2004)

One of the missions of the project is that “GeoHistory” is being developed as a
comprehensive 4D geo-processing model for historical documentation research with the
help of historians in the project team defining the problems and expectations. (Guney and
Celik, 2004) Meanwhile “GeoHistoryRepository” which is an open-ending data model
and database component of the “GeoHistory” is being developed for efficient GIS data
maintenance and management.

This paper presents ideas about object-oriented and temporal approaches to “Geographical
Information System (GIS)” based on “Documentation Project of Seddulbahir and Kumkale
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Fortresses on Dardanelles” and a strategy for the GIS data model, called
“GeoHistoryRepository”, developed by Geodesy Division of Istanbul Technical University.

Organizing three-dimensional (3D) and time-dependent data in a GIS is a key issue when
using GIS for documentation, preservation, restoration projects of historical sites to support
decision making based on analysis of and reasoning on geographic data of historical
phenomena. Hence, a GIS data model has to be developed and implemented to meet the
requirements of different kinds of users like specialists of art-history, history, architecture,
archaeology, etc. The multi-dimensional data model should be general enough to allow the
integration of data types from each scientific domain in the project.

Conventional GIS data models emphasize static representations of reality. Object data
model of the fortresses seems adequate to research the fortresses. Problem appears,
however, in modeling the phenomenon of “life history of the fortresses” since the
phenomenon has been continuously changed over time. Since life history of the fortresses is
dynamic information such a life history can only be modeled with the spatiotemporal data
model in temporal GIS. This paper investigates the development of spatiotemporal GIS
data model, “GeoHistoryRepository”, and its applicability to documentation of the 17th

century fortresses.

In this paper, a comprehensive study about spatiotemporal object modeling of 17th century
Ottoman fortresses on Dardanelles is presented to make queries involving spatial and
temporal relationships. “GeoHistoryRepository” is being developed as a dynamic GIS data
model that recognizes the composite structure of historical data objects. At the heart of the
system is a sophisticated object-oriented data modeling approach with the support of
temporal approach.

GEOGRAPHIC DATA MODELING
The real world is too complex for our immediate and direct understanding. Geographical
variation in the real world is infinitely complex, the closer we look, the more detail we see,
almost without limit it would take an infinitely large database to capture the real world
precisely, data must somehow be reduced to a finite and manageable quantity by a process
of generalization or abstraction, geographical variation must be represented in terms of
discrete elements or objects; the rules used to convert real geographical variation into
discrete objects is the data model.(Tomlin and Klinkenberg, 2004; Star and Estes, 1990)

Maps and GIS are models of reality (geospatial phenomena). Maps emphasize some aspects
of reality in a cartographic representation and GIS emphasize some aspects of reality in a
database representation while ignoring or greatly simplifying other aspects of reality.
(URL1, 2004)

Abstraction is the process of interpreting what can be sensed from the real world into
representational symbols. Data modeling is the process of abstraction from the real world
for the purpose of representation in a GIS (or other information system). (URL1, 2004) GIS
needs a complete and rigorous framework for geographical data modeling to overcome the
difficulty in handling geographic complexity, scale differences, generalization, and
accuracy. (Yuan, 2004)

Data models present the conceptual core of an information system; they define data object
types, relationships, operations, and rules to maintain database integrity.(Yuan, 2004) At
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the same time data model is a set of guidelines for the representation of the logical
organization of the data in a database consisting of named logical units of data and the
relationships between them. (URL1, 2004)

Capacity of any information system largely depends on its data model. A data model is the
abstract and representation of real world phenomena according to a formalized, conceptual
schema, which is usually, implemented using the geographical primitives of points, lines
and polygons or disceretized continuous fields. In the other word, a data model should
define data type, relationships, operations and rules to maintain database integrity.
Therefore, for an integrated information system, a rigorous data model is vital and to have a
rigorous model for any information system, basic concepts of its domain have to be
considered, which have been elaborated in this research. (Nadi and Delevar)

Data models and data structures are critical for a functional GIS. Data modeling and
structuring are essential to successful use in GIS, and almost all GIS projects should begin
with careful analyses of how data are to be entered. The data model and its related
structuring must be independent of the chosen software and hardware.

The framework of being developed data model in the project is presented in the Figure 1.
The database is central to the GIS and contains three main types of data model in this
project. Figure 2 displays the database architecture which promotes the capabilities of
traditional DBMS to cater to the different needs of applications.

Figure 1: GIS Data Modeling.
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Figure 2: The database architecture based on the data model “GeoHistoryRepository”.

The GIS is an analytical tool whose forte is the representation of many data types in a
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retrieval. (URL2, 2004)

Fundamental Unit (vector) of Geographic Information (Geographic Information Tuple - GI-
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Major advantage of this representation is that there is a general view of all other definitions
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Table 1: Components of GI-Tuple.
Components Description Question Dimension (D)
Spatial Data Positional Infromation Where 4D (X,Y,Z,Time)
Attribute Data Thematic Infromation What 1D to many

Temporal Data Time Information When 1D to many (Valid Time, Transactional Time,
User-Define Time, Institutional Time, etc.)

Topological Relation Spatial Relationship How 1D
Meta Infromation Quality Information   

GeoHistoryRepository which is a class hierarchy is designing a geographic database that
fits the project. The basic idea of the data model is to group historical objects in thematic
information layers. These information layers are created by methods (e.g., mapping
processes) and consist of several types of spatial objects and their attribute data. Metadata
tables support spatial and thematical database queries and data selection for further
evaluation processes.

This is the first version of the “GeoHistoryRepository” model, which incorporates historical
buildings, utilities, and people such as the people had lived in the fortress and in the
cemetery. The model includes topology rules for each feature dataset along with related
domain value tables. The purpose behind this design is to help users manage these
complicated, interdependent datasets in one cohesive model using an interface.

OBJECT DATA MODELING
Object-oriented (O-O) data models are known with their rich semantics and modeling
power for representing complex objects and inter-relationships among them. It is also
generally agreed that O-O models can provide more functionalities and semantic constructs
for modeling geographic data in applications of GIS.

An object-oriented data model called “GeoHistoryRepository” is being designed to provide
the capabilities of a traditional database management system (DBMS) while allowing
special data models and types, supporting querying language specific to spatial data types
and providing handling of spatial data and operations within the concept of spatial database
management system (SDBMS). In this model, spatial data is comprised of objects in multi-
dimensional space.

GIS modelers in the project team produced several questionnaires for project team
members to identify conceptually the key themes/data and primary issues to analyze which
will be designed in the data model as an initial task in developing data model
“GeoHistoryRepository”.

The object-oriented (OO) paradigm provides the ability to create a system model that
relates closely to the real world, and is consequently an appropriate environment in which
to model real world knowledge. Objects representing real world phenomena are linked to
spatial classes from which they can inherit appropriate spatial behavior, in addition to
domain related behavior. The other key components of abstraction and encapsulation are
also very important in enabling the domain relevant data only, to be modeled in a
knowledge-base. This makes the complexities of GIS data representation more transparent.

Developers in the project are carrying on constructing functionally-integrated and coherent
data model and believe that an incorrect or incomplete data model can cause potential
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conflicts. The data model had to be “open ending” so the researchers in the project could
accommodate new information without restrictions. Aiming to achieve a conceptual
implementation-independent data model, the functional analysis was oriented to define the
structure of the data. (Guney et al., 2003)

Figure 3 shows a part of the conceptual GIS data model for Historic Architecture. The
fundamental unit for historic architecture is the “architectural changes”, which is the first
type of feature described in a historic architectural survey. Conceptual design was
conducted with the “Sybase Power Designer” graphical tool and “Unified Modeling
Language (UML)” was used as a modeling language. Some examples are a residential place
(within the fortresses and out of the fortresses, settlement); a market (with its associated
fields and buildings); a war area (with its weapons and towers and bonets); a religion lot
(with its mosque and associated cemetery); a cleaning complex (with its hamams).

Figure 3: Conceptual GIS data model for Historic Architecture in UML.

SPATIOTEMPORAL DATA MODELING
Although, most of phenomena change over time, there has been an attempt to model the
phenomena of real world assuming a static nature for them. Even when changes occurred in
the phenomena, it is restricted to identify and assess the changes over a period of time.
These static modeling can be applied when phenomena with a long change period are
considered. Since late 1980s, and by increasing geospatial information systems
applications, dynamic modeling has been highlighted. (Nadi and Delevar)

Simply connecting a spatial data model to a temporal data model will result in a temporal
data model that may capture spatial data or in a spatial data model that may capture time
referenced sequences of spatial data. Rather, the temporal characteristics of spatial objects
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(i.e., how entities evolve in space) must be investigated in order to produce inherently
spatiotemporal concepts such as unified spatiotemporal data structures, spatiotemporal
operators, and spatiotemporal user-interfaces. (Wang et al., 2000)

“GeoHistoryRepository” is being designed as a process-oriented spatiotemporal data model
based on three domains which extends the concepts both of spatial and temporal data
modeling. Its general framework uses a set of geometry-based spatial objects to represent
reality (spatial modeling aspect). Thematic characteristics are represented as attributes of
spatial objects (semantic modeling aspect). Temporal information is associated with time-
stamping events or processes (temporal modeling aspect). Major advantage of this model is
that three domain’s objects dynamically link together with the aspects of location, attribute
and time centered. Spatiotemporal queries and analytical methods are performed in this
spatio-bitemporal model which handles information about valid time and transaction time
in GIS and allows for retroactive as well as post-active changes.

Three domain-oriented spatio-bitemporal data model, GeoHistoryRepository, is being
developed to capture the discrete changes of objects through time interval, from 17th century
to now. The discrete changes of a historical object during a time interval can be seen as
snapshots of that object, taken in time points of this time interval. Versions of the same façade
of “Kumkale” in different time of the same period are shown in the Figure 4. Changes occur
to attributes of a phenomenon, behaviors of an event, or mechanisms of a process.

Figure 4: Versions of the same façade of “Kumkale” fortress.

Most of phenomena in the 17th century Ottoman fortresses are dynamic that has changed
discretely over time. The value of time is represented by the number of years for example
After the World War I, the fortress was damaged and re-constructed. The shape of most
buildings within the border of the fortresses architecturally changed.

In this study, purposed spatiotemporal applications based on the “GeoHistoryRepository”
as follows:

• Geometrical (or topological) changes of historical objects over time
• Positional changes of historical objects over time
• Change of historical object attribute (spatial attribute) over time (variations in

attributes over time)
• Any combination of the above changes
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The major drawback is the lack of a tool facilitating conceptual data model design and its
associated implementation. That UML is a CASE tool used for designing an object-oriented
data model may provide new release for users to define their own domain-specific classes
and functions.

CONCLUSION
The data model, “GeoHistoryRepository”, for storing geographic data in convenient data
formats and database tables is being developed as a prototype within the documentation of
the historical sites’ information system infrastructure. The experiments performed on the
initial development of the proposed system show its ability of efficient and accurate
maintenance of dynamic GIS data.

Consequently, data modeling, data languages and user interfaces gradually emerge as
fundamental issues, where significant advances are needed to meet requirements of users
whose profile and need have drastically changed.

It can be concluded that the usage of temporal GIS instead of conventional GIS will be
unavoidable and dominant within GIS market in the near future.

Both the production of maps and the development of the GIS of the fortresses have been
realizing in the laboratory of “IGS-ISTA Satellite Observation and Processing Laboratory”
in the Division of Geodesy of Istanbul Technical University. Any one who is interested in
the project can follow the progress and other publications on the integrated GIS project
with the project web address “http://www.seddulbahir-kumkale.com”.
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