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A bstract

"  - The evolution of open standards and especially those pertaining to the 
family of XML technologies have a considerable impact on the way the 

spatial data are stored, transferred, processed and displayed. This paper elaborates 
on the development of a service for the transfer and dynamic generalisation of linear 
features over the Web. This entails the parametric description of lines’ shape with a 
number of measures, the segmentation of lines in homogeneous segments and the 
development of the relevant application schema. The methodology can be utilised for 
the generalisation and transfer o f linear features in the framework of the I HO Transfer 
Standard [S-57] and its representation in GML.

I • mm Résumé

I W  L’évolution des normes ouvertes et notamment de celles qui appartien-
nent à la famille des technologies XML ont un impact considérable sur 

la manière dont les données spatiales sont stockées, transférées, traitées et affi­
chées. Cet article se réfère au développement d'un service pour le transfert et la géné­
ralisation dynamique des éléments linéaires sur le Web. Ceci inclut la description para­
métrique des formes de lignes avec un certain nombre de mesures, la segmentation 
des lignes dans des segments homogènes et le développement du schéma d ’applica­
tion approprié. Cette méthodologie peut être utilisée pour la généralisation et le trans­
fert des éléments linéaires dans le cadre de la norme de transfert de l ’OHI (S-57) et 
de sa représentation en GML.

Resumen

La evoluciôn de normas abiertas y  especialmente aquellos pertenecien- 
tes a la familia de la tecnologia XML tienen un considerable impacto en 

la forma que los datos espaciales son guardados, transferidos, procesados y  desple- 
gados. Este artîculo se refiere al desarrollo de un servicio de transferencia y  genera- 
ciôn dinamica de objetos lineales en la Web. Esto incluye la descripciôn para-métrica 
de las formas de lîneas con un nümero de medidas, la segmentaciôn de lîneas en seg­
mentas homogéneos y  el desarrollo del relevante esquema de aplicaciôn. La metodo- 
logia puede ser utilizada para la generalizaciôn y  transferencia de objetos lineales en 
el marco de la Norma de Transferencia de la OHI (S-57) y  su representation en GML.



Introduction

Recent developments in Web mapping and on- 
demand mapping have led to the development of pro­
totype systems for the transfer and distribution of dig­
ital data. To generate such maps/charts the 
corresponding data sets must be available at a spe­
cific scale, something rare for the majority of 
requests. There are two alternative approaches to the 
problem at hand: the first is based on the existence 
of a multi scale spatial database. This approach has 
a major disadvantage; the arduous task to keep all 
data up to date independently (Hardy, 2000). In the 
second approach, data sets at different scales are 
derived from a database utilising a generalisation 
module incorporated in a web map service. The Open 
Geospatial Consortium (OGC) in the OGC Web Ser­
vices (OWS) initiative provides for the ‘feature gener­
alisation service’. More specifically, the OGC includes 
the ‘feature generalisation service’ in the geographic 
processing services characterised as spatial. It is 
described as a ‘service that reduces spatial variation 
in a feature collection to increase the effectiveness of 
communication by counteracting the undesirable 
effects of data reduction' (OGC and ISO, 2001).

A Web Map Service, as an on-demand mapping suite, 
includes a generalisation module that handles on the 
fly generalisation. On-demand mapping is demand- 
driven, that is, map products are generated according 
to user needs. On the fly generalisation is the real 
time creation, upon user’s request, of a cartographic 
product appropriate for a specific scale and purpose. 
On the fly generalisation is a time-critical task and 
algorithms suitable for this purpose must be fast and 
effective and supported by pre-computed data struc­
tures and attributes (Cecconi, 2003). This is accom­
plished by metadata that can be provided at three lev­
els within an exchange set (IHO S-57, 2000) to make 
it more useful for a properly defined application. For 
on-demand mapping the metadata contribute to the 
resolution of a number of problems inherent to gener­
alisation. The better the metadata content is tuned to 
the requirements of the defined application, the more 
the required transfer and generalisation processes 
are enhanced. Meta-information about the semantics 
and the geometry of objects or groups of objects (pat­
terns, structures) is critical for successful generalisa­
tion (Jones et al., 1996).

The description of the nature and the shape of lin­
ear features has been a challenging research issue

in contemporary cartography. Recent research 
resulted in a number of parameters (measures), 
which describe qualitatively/quantitatively the line 
shape. A new approach is introduced here, which 
tests and enhances the existing results utilising a 
large set of geographical data comprised of a wide 
variety of line types and a comprehensive list of the 
measures identified in the literature. The set of 
parameters adopted are selected from a broad set 
of measures utilising Principal Components Analy­
sis. Based on the parametric description of line 
shape, segments are subsequently allocated into 
similar shape groups through Cluster Analysis.

The generalisation of coastline, contours and other 
linear features displayed on a nautical chart is a crit­
ical task in the production of the paper or electronic 
form of the chart. Most operators used in generalisa­
tion of linear data such as simplification, smoothing 
etc. influence positional accuracy that is further 
analysed to horizontal position accuracy and shape 
fidelity (European Committee for Standardization, 
1996). When generalised data are exchanged, all 
parties involved must be aware of the data quality. It 
is obvious that the transfer of digital data should be 
supported by metadata describing - amongst others - 
positional accuracy.

It is quite common that data downloaded from a data­
base or contained in an exchange set, must be gen­
eralised in order to be used for spatial analysis or 
map/chart composition projects at a scale smaller 
than the source scale. The cartographer’s choices in 
generalisation are strongly related with line shape. 
As many researchers have pointed out, cartographic 
generalisation would be successfully implemented, if 
it were based on the knowledge of the line shape. A 
generalisation service will perform much better with 
meta-information describing the shape of linear fea­
tures. Measures can be used to detect and evaluate 
particular characteristics of a linear feature in order 
to select the optimum generalisation approach/algo­
rithm and enable the qualitative assessment of the 
results (Skopeliti, 2001).

This paper addresses the design and implementation 
requirements of a service for the transfer and gener­
alisation of linear features over the Web. The next 
section elaborates on a method for shape descrip­
tion and structure recognition of linear features and 
introduces measures that describe shape change of 
a feature with respect to its original form. It is fol­



lowed by the development of a model for linear data 
generalisation that is implemented through a GML 
application schema that encodes the generalisation 
information and a prototype system architecture sup­
porting the Web service. The paper concludes with a 
review of the contribution of open standards and the 
developed Web service to the transfer and represen­
tation ofgeospatial information.

Line Shape Description and Structure  
Recognition

In the course of their research on the subject, the 
authors developed a methodology for the parametric 
description of the shape of linear features (Skopeli- 
ti and Tsoulos, 1999; Skopeliti, 2001). This work 
has been re-examined (Tzamakou, 2004), utilising 
the complete set of measures/parameters found in 
the literature and an extended data set, in order to 
make the results applicable to a broader application 
area such as data transfer and generalisation over 
the Web. The fundamental concept in this approach 
is the use of measures, which are calculated at dif­
ferent levels of constant resolution. This concept 
has been adopted by a considerable number of 
researchers, who followed different approaches for 
line shape description (Buttenfield, 1991; Bern­
hardt, 1992; Mokhtarian and Mackworth, 1992; 
Mandelbrot, 1967). In particular for angular meas­
ures computations, like in Carstensen (1990), 
Thapa (1989) and Plazanet (1996), lines are pre- 
processed in order to acquire a common resolution 
taking into account the source scale. This way, angu­
larity calculations are comparable with no bias due 
to the vertices spacing.

The measures evaluated are those proposed by But­
tenfield (1991), Bernhardt (1992), McMaster (1986) 
and Jasinski (1991) and they are listed in Appendix I. 
The study of those measures’ ability to describe the 
line shape requires a data set with line segments 
varying widely in shape. In the framework of the proj­
ect natural linear features (coastline, streams) were 
used since their shape cannot be described by basic 
geometric archetypes. In order to ensure the required 
variety in shape, data were derived from an extended 
geographic area and selected from a cartographic 
database at a medium scale. At a scale such as 
1:50,000, data have been generalised but still pre­
serve their main natural/structural characteristics. In 
addition, at this scale the lines’ shape (i.e. smooth or

sinuous) can be recognised by the map reader. More­
over, this scale is used by the majority of national 
mapping agencies as the reference source scale of a 
national dataset where from other cartographic prod­
ucts are derived.

In this study data derived from National Oceanic and 
Atmospheric Administration (NOAA) Medium Resolu­
tion Digital Vector Shoreline (NOAA, 2003) are used. 
NOAA's Medium Resolution Digital Vector Shoreline is 
a high-quality, Geographic Information System-ready, 
general-use digital vector data set created by the 
Strategic Environmental Assessments (SEA) Division 
of NOAA's Office of Ocean Resources Conservation 
and Assessment. Compiled from hundreds of NOAA’s 
coastal charts this product comprises over 75,000 
nautical miles of coastline at 1:40,000 scale (nearly 
2.5 million vertices), representing the coterminous 
US. The selection of the data segments that make the 
data set is guided by their shape and length. Seg­
ments are selected in order to bear the required vari­
ety in shape and are characterised as very smooth, 
smooth, sinuous and very sinuous. A minimum line 
length is required for the calculation of the fractal 
dimension parameter that also allows for an identifi­
able line shape e.g. a minimum number of bends in 
order to create a sinuous form. Finally the size of the 
data set should be sufficient to support statistical 
processing. To this effect, 133 line segments have 
been selected with length between 5,000 and 7,000 
metres.

Statistical Analysis

In general, factor analysis is utilised to examine the 
underlying patterns or relationships of a number of 
variables and to determine whether the information 
can be condensed or summarised in a smaller set of 
factors (Hair et al., 1998). In statistics factor analy­
sis is carried out through Principal Components 
Analysis (PCA). Principal Components Analysis is 
performed on the above-mentioned measures, 
which are computed for all the linear segments in 
the data set. Based on the ‘scree’ test and the 
‘latent root’ criterion three factors are retained, 
which represent 91% of the variance of the tested 
measures. Taking into account the PCA results and 
cartographic judgment, a subset of measures for 
line complexity description is formed. The ‘average 
magnitude angularity', the ‘error variance’ and the 
‘average angularity' are used for the parametric



description of line shape and the clustering of line 
segments into groups of similar complexity. A 
detailed description of these measures can be 
found in Appendix II. The measures selected exhibit 
low correlation between them and - therefore - they 
can be used in a cluster analysis procedure. Cluster 
analysis is a statistical process used for the classi­
fication of the line segments based on the meas­
ures chosen through factor analysis. For hierarchical 
cluster analysis, the Ward method and the Euclidean 
distance (Hair et al. 1998) produce the best classi­
fication results. Based on cluster analysis the 
dataset is successfully classified into four groups 
that can be characterised as smooth, smooth with a 
strong arc, sinuous and very sinuous (Figure 1).

In order to achieve a successful classification for lin­
ear entities, lines should be homogeneous through­
out their extent. The development of a segmentation 
methodology is therefore a prerequisite for success­
ful classification. Such a methodology should identi­

fy ‘homogeneous’ parts and differentiate parts with 
varying degree of complexity. A considerable number 
of researchers have addressed the problem of linear 
features’ segmentation (Plazanet et al., 1995; Wang 
and Muller, 1998; Dutton, 1999). The authors devel­
oped a methodology for natural linear features parti­
tioning into homogeneous segments based on line 
shape assessment, utilising fractal dimension and 
the above mentioned methodology for the descrip­
tion of lines’ shape (Skopeliti and Tsoulos, 1999; 
Skopeliti, 2001).

Generalisation Strategy and Assessment 
of Generalisation Quality

The assessment of generalisation quality of linear 
features, calls for the quantitative description of 
the resulting horizontal position and shape. Shape 
change of a linear feature with respect to its origi­
nal form, can be assessed through the description

Figure 1: 
Classification of 
a subset of the 
data used in 4 

groups.



of resulting line shape with the same group of 
measures. In cluster analysis, the distance 
between two lines in the parameters’ space 
implies similarity. The distance between the origi­
nal and the generalised line implies shape change. 
This is a quantitative assessment of shape change 
due to generalisation. A number of measures for 
the assessment of positional deviation between 
the original and the generalised line have been 
identified by the research community:

the average Euclidean distance from the origi­
nal to the generalised line or from the gener­
alised to the original line, the Hausdorff dis­
tance (Abbas et al., 1995)

- the ratio of the area between the original and 
the generalised line to the length of the original 
line (McMaster, 1987) etc.

In this study the Hausdorff distance, which describes 
the maximum error, is used. In previous studies 
(Skopeliti, 2001; Skopeliti and Tsoulos, 2000; 
Skopeliti and Tsoulos, 2001a; Skopeliti and Tsoulos, 
2001b), the authors have showed that besides the 
assessment of the generalisation quality of linear fea­
tures, the same measures can be used for the ’auto­
matic’ identification of the most appropriate generali­
sation strategy with respect to quality.

Experiments with alternative generalisation strate­
gies using different algorithms, varying sequence 
of generalisation operators and values of parame­
ters, resulted in the selection of the most appropri­
ate algorithm for each category of linear features. 
A generalisation strategy is considered optimal 
when a number of quality criteria and constraints 
posed by the cartographer (preservation of shape, 
global complexity, original lines’ characteristics, 
degree of simplification suitable for the new map 
scale, minimisation of shape distortion, minimisa­
tion of horizontal position error etc.) are satisfied. 
The knowledge acquired from the most appropriate 
generalisation strategy with respect to positional 
error minimisation can be stored as metadata in 
the database.

The aforementioned methodology constitutes the 
framework for the development of an enhanced 
model for linear data generalisation. This model is 
comprised of the following elements:

Structure Recognition: linear features are seg­
mented in homogeneous lines 
Shape Description: linear features are classi­

fied into similar shape groups characterised as 
‘sinuous’, ‘smooth’ etc.
Procedural Knowledge on Generalisation: the 
optimal generalisation strategy is recommend­
ed for groups of lines with similar shape 
Generalisation Quality Assessment: use of 
measures that describe line shape change and 
horizontal position deviation between the origi­
nal and the generalised lines.

Data and Metadata Transfer Schema

The ultimate goal of this work is the development 
of a model for the encoding of geometry and attrib­
utes of linear features that allows for efficient 
transfer and on the fly generalisation. This 
enhanced model is implemented with the use of 
XML family of technologies. GML is an XML data 
encoding scheme for the transport and storage of 
geographic information including both the spatial 
and the non-spatial properties of geographic fea­
tures. GML has been designed to uphold the prin­
ciple of separating content from presentation. It 
provides mechanisms for the encoding of geo­
graphic feature data regardless of the way the data 
are presented to a human reader.

GML has revolutionised the treatment of spatial 
information and is becoming a de-facto standard 
for the transfer and representation of geospatial 
information. Several reasons led to the widespread 
use of the GML standard (GML, 2004):

It is based on a common model for geography 
that is the OGC Abstract Specifications 
It is based on XML. As a result it is a text based 
encoding scheme, human readable and plat­
form independent, suitable for web applications 
and transfer through the Internet. In addition, 
the XML technology facilitates the integration of 
GML data with non-spatial data e.g. with statis­
tical data, which are also encoded in an XML- 
based standard
It has been adopted by the vast majority of GIS 
vendors

GML successfully fulfills the requirements of a spa­
tial data transfer protocol as stated by the Interna­
tional Cartographic Association. It also meets the 
three levels of connectivity that must be satisfied at 
physical, logical and semantic level for geographic 
data transfer. The OGC, an industry funded consor-



tium, is interested in the development and support 
required for the transition of this specification from 
a de facto to a de jure status. The key concepts 
used by GML to model the world are drawn from the 
OpenGIS Abstract Specification and the ISO 19100 
series. GML 3.1 provides a variety of objects for the 
description of geography including features, coordi­
nate reference systems, geometry, topology, time, 
units of measure and generalised values. The cur­
rent version of GML addresses the following topics 
that were not or inadequately addressed in GML ver. 
2, which are reflected in the corresponding base 
schemas (GML, 2004):

Represents geospatial phenomena in addition to 
simple 2D linear features, including features with 
complex, non-linear, 3D geometry, features with 
2D topology, features with temporal properties, 
dynamic features, coverages and observations 
Provides more explicit support for properties of 
features and other objects with complex values 
Represents spatial and temporal reference sys­
tems, units of measure and standards informa­
tion
Uses reference system, units and standards infor­
mation in the representation of geospatial phe­
nomena, observations and values 
Represents default styles for feature and cover­
age visualisation
Conforms with the ISO 19100 series of stan­
dards.

An application schema declares the actual feature 
and property types of interest for a particular 
domain using components from GML in standard 
ways. Broadly speaking, these involve the defini­

tion of application-specific types, which are derived 
from types provided in the standard GML schemas 
or direct inclusion of elements and types from the 
standard GML schemas. The base GML schemas 
effectively provide a meta-schema or a set of foun­
dation classes from where an application schema 
can be implemented.

The enhanced model is implemented in GML in 
order to be used for linear data generalisation and 
vector data transfer over the Web. As every GML 
application schema, it uses predefined GML class­
es. Figure 2 shows the UML diagram that describes 
the proposed model.

The first class in this model is the root element, 
which is the element embracing all the other ele­
ments in the GML document. This class is called 
SpatialData and is an Abstract Feature Collection. 
The second class, called ThemeOfLinearData, is an 
Abstract Feature that corresponds to any geograph­
ic theme that uses linear data such as coastline, 
streams etc. This class has a number of attributes: 
theme_description, theme_scale and theme_date 
that are used to store a short description of the 
geographic data, the source scale and the creation 
date. Another class is the GroupOfSimilarLines, 
which is an AbstractFeature. This class is used to 
represent a group of linear segments with similar 
shape. From this class a number of instances rep­
resenting a group of lines with specific shape can 
be generated e.g. sinuous, very sinuous etc. as 
one can see in the UML object diagram (Figure 3). 
The GroupOfSimilarLines class has a complex 
attribute called GeneralisationStrategy that carries

Abstract Feature Collection Abstract Feature

SpatialData ThemeOfLinearData
- Theme_Description:string
- Theme_Scale:integer
-  Theme_DateYear:integer

GroupOfSimilarLines
- Applied GeneralisationStrategy: .

HomogeneousLine
■ CenterLineOf:LineString 
• Horizontal_Position_Accuracy:double 
- Shape_Change:numeric___________

_Feature=_DataFeature _Feature=_ThemeFeature _Feature=_GroupFeature



information concerning the generalisation of this 
group of lines. At present this information stores 
the generalisation operator used, the algorithm 
applied and the values of parameters needed by 
the algorithm. The last class of the model is the 
HomogeneousLine, which is an abstract feature 
used to store the geometry of lines utilising the 
gml:centerLineOf:LineString element. Additionally, 
two attributes are used to describe the positional 
accuracy: HorizontalPositionAccuracy that is used 
to report the value of the measure used for the 
assessment of the positional deviation between 
the original and the generalised line and the 
ShapeChange attribute that is used to report the 
value of the measure used for the assessment of 
the shape change between the original and the 
generalised line. For better understanding of the 
UML Class diagram of the enhanched model for lin­
ear data generalisation (Figure 2), a UML Object 
diagram showing instances of the classes for lin­
ear data generalisation is provided (Figure 3).

The IHO publication S-57 describes the standard to 
be used for the exchange of digital hydrographic 
data between national hydrographic offices and for 
its distribution to manufacturers, mariners and 
other data users. The United Kingdom Hydrograph­

ic Office (UKHO) in association with Galdos Sys­
tems Inc has produced an initial version of a GML 
schema for ENC data. This schema is intended to 
aid in the representation of S-57 Edition 3.1 Elec­
tronic Navigational Charts (ENCs) in GML. The 
schema will aid the interoperability of data pro­
duced by different vendors and facilitate the repre­
sentation of S-57 ENC data in GML. S-57 Schemas 
are publicly available at: http://www.ukho.gov.uk. 
The GML application schemas for S-57 ENC consist 
of the following XSD files (Burggraf, 2004):
- Objects.xsd: covers all valid S-57 ENC objects 

except C_AS0C and the cartographic objects 
Attributes.xsd: covers all valid S-57 ENC attrib­
utes except cartographic attributes 
AbstractAndSuperTypes.xsd: contains all 
abstract base types, top-level feature collection 
and corresponding metadata 
SupportTypes.xsd: contains supporting simple 
types that are shared by the S-57 schema ele­
ments.

The Objects.xsd represents the S-57 Object Cata­
logue (roughly 200 Objects) including the Coastline 
feature as a CoastlineType element. This Coast- 
lineType element can be enriched in order to pro­
vide for each coastline homogeneous segment the

SpatialData

Streams: ThemeOfLinearData 

Theme Description: Streams and Rivers . 
Theme_Scale: 50 000 
Theme DateYear: 1998

Coastline: ThemeOfLinearData 

Theme_Description: Greek Coastline 
Theme_Scale: 50 000 
Theme DateYear: 2001______

Sinuous: GroupOfSimilarLines 

A lgorithm :....________________

VerySinuous: GroupOfSimilarLines 

Algorithm: ....

Sinuous: GroupOfSimilarLines

—

Algorithm: ....

VerySinuous: GroupOfSimilarLines

Algorithm: ....

Smooth: GroupOfSimilarLines 

Algorithm: ....

SmoothWithAStrongArc: GroupOfSimilarLines 
Algorithm: ....

G101: HomogeneousLine

CenterLineOf: (x .y...... x ,y )
Horizontal_Position_Accuracy: ... 
Shape_change: ...

G185: HomogeneousLine

CenterLineOf: (x ,y...... x,y)
Horizontal_Position_Accuracy: ... 
Shape_change:...______________

http://www.ukho.gov.uk


information supported by the enhanced model for 
linear data generalisation (Figure 4). This is 
achieved through the Generalisationjnfo attribute, 
which is a GeneralisationlnfoType element. The 
GeneralisationlnfoType element has five attributes: 
Shape_Description that is used to classify and 
characterise the linear segment according to its 
shape, HorizontalPositionAccuracy that is used to 
report the value of the measure used for the 
assessment of the positional deviation between 
the original and the generalised line, the 
ShapeChange attribute that is used to report the 
value of the measure used for the assessment of 
the shape change between the original and the 
generalised line and the Generalisation_algorithm 
and Generalisation_operator that are used to 
report the optimum algorithm and operator to be 
used.

Data Transfer and Generalisation 
Service Prototype

In this section, the architecture of a prototype sys­
tem for on the fly generalisation service is present­
ed. The system is modular and complies with the 
specifications proposed by the Open Geospatial 
Consortium (OGC) such as: Web Map Service 
(WMS, 2004), Geographic Markup Language (GML, 
2004), Web Feature Service (WFS, 2004) and stan­
dards of the XML family of technologies recom­

mended by the World Wide Web Consortium (W3C) 
such as: extensible Stylesheet Language Transfor­
mation (XSLT 1.0, 1999) and Scaleable Vector 
Graphics (SVG 1.2, 2004). These technologies are 
used successfully in other systems designed for 
real-time mapping such as GiMoDig (GiMoDig,
2004) and GEMURE (GEMURE, 2004).

GML and SVG standards are complementary: GML 
is used for the storage and distribution of geo­
graphic data and SVG is used for data presenta­
tion. SVG is a two-dimensional vector graphics for­
mat written in XML. As an XML format, SVG is 
platform independent and non-proprietary. The 
most important advantages of SVG are (Watt, 
2002):

SVG is searchable. Text and elements within an 
SVG file may be indexed by the search engine 
software. Using a search engine, users may 
look for a map that has a particular name on it 
and they can search that map for its location. 
The equivalent search with a raster format 
requires optical character recognition software 
SVG graphics are resolution and device inde­
pendent
SVG format creates smaller size files that reduce 
download times compared to bitmapped graph­
ics. That is why they are better suited for devices 
with low bandwidth and limited memory 
SVG images can be panned and zoomed with­
out degrading image quality

S57:AbstractFeature Type

S57: CoastlineType
- centerline: s57:EdgePropertyType
- s57:catcoa: s57:CategoryOfCoastlinePropertyType
- s57:convis: s57:ConspicuousVisuallyPropertyType

- genera lisa tion jn fo : GeneralisationlnfoType

Coastline

GeneralisationlnfoType

- Shape_description= { ’’s inuous” , “ very sinuous” , “ sm ooth” ...}
- Horizontal_Position_Accuracy:double
- Shape_Change:numeric
- Generalisation_operator: string
- Generalisation_algorithm: string___________________________



SVG specification is fully compatible with exist­
ing technologies like HTML and XHTML, XLink, 
XML Namespaces, DOM, CSS and XSL

- SVG graphics can use scripting to provide inter­
activity and animation

In most applications geodata are stored in a data­
base and when a map request is executed a GML- 
encoded file is generated. The GML file is subse­
quently translated into SVG format through the 
extensible Stylesheet Language Transformation 
(XSLT). XSLT provides a set of tools for transform­
ing documents from their original structure to a 
new structure and is commonly described as a 
transformative style language (DeCharme, 2002). 
Instead of adding information to the original docu­
ment structure, it creates a new document struc­
ture (stylesheet) based on rules applied to the con­
tent of the original.

An XSLT stylesheet is a collection of template 
rules. Each template rule includes a pattern that 
identifies the source tree nodes to which the pat­
tern applies and a template that is added to the 
resulting tree when the XSLT processor applies a 
specific template rule to a matched node. For 
example, the same XML document can be trans­
formed to GML, SVG or HTML by applying to the 
source document three different stylesheets. It 
can be considered as a programming language for 
the process and transformation of XML docu­
ments. It is affiliated with XML Path Language 
(XPath), which is a specialised language for 
addressing parts of an XML document.

The OGC Web Map Service (WMS) is based on the 
OGC WMS specifications and the ISO/TC211 spec­
ification (ISO 19128). It provides three operation 
protocols in support of the creation and display of 
registered and superimposed map-like views of 
information that come simultaneously from multi­
ple sources, which may be remote and heteroge­
neous, in standard image formats such as Scal­
able Vector Graphics (SVG), Portable Network 
Graphics (PNG), Graphics Interchange Format (GIF) 
or Joint Photographies Expert Group (JPEG). 
Through WMS, users can submit requests in the 
form of Uniform Resource Locators (URLs) by using 
a standard web browser (OGC document 04-024
2004). The Web Feature Service (WFS, 2004) is an 
OGC specification for describing data manipulation 
operations at the feature level on OpenGIS simple

features e.g., points, lines, and polygons (OGC doc­
ument 02-058 2002). WFS is written in XML and 
uses GML to represent features. The database - or 
datastore in OGC’s terms - used to store geograph­
ic features can be in any format but it should be 
opaque to client applications. Users can send a 
request in XML to a WFS server; WFS, which con­
nects with various formats of databases, process­
es the requests and sends the response In XML 
back to users. WFS uses a subset of XPath expres­
sions for referencing properties and HTTP as the 
distributed computing platform. To support trans­
action and query processing at feature level on 
datastores, five operations are defined in OGC 
WFS: GetCapabilities; DescribeFeatureType; Get- 
Feature; Transaction and LockFeature, It is this fea­
ture-level data manipulation that allows users to 
download only the desired data instead of the 
whole dataset and makes WFS valuable for time- 
critical applications because it can reduce consid­
erably the data access time and integration and 
thus significantly improve the speed of decision­
making (Peng and Zhang, 2004).

One of the main elements of the prototype system 
for a data transfer and generalisation service over 
the Web is the geographic database. The enhanced 
linear geographic data modei is implemented in the 
geographic database. Linear features are segment­
ed in homogeneous segments, the segments are 
classified into similar shape groups and knowledge 
of the most appropriate generalisation strategy in 
relation to line shape is provided. The spatial data­
base is implemented in Oracle 9i, an object-rela- 
tional Data Base Management System (DBMS). In 
the current version of Oracle 9i the object-relation- 
al model has been extended to include an 
SD0_GE0METRY type used to store the geometry 
of the objects. The geometry is stored using what 
the OGC calls ‘simple features’ and ‘composite col­
lections' of these primitive types. The same stan­
dards are also used in GML and in the database 
conceptual model. This compatibility is enviable, 
since the geo-database is developed to work as a 
repository from where the GML data are generated. 
Another advantage is Oracle’s ability to communi­
cate with well-known GIS systems such as ESRI’s 
Arc/Info. This factor facilitates the population of 
the database and spatial data editing.

Loading data into the spatial database is a 
straightforward process with the use of ArcSDE,
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Figure 5: UML class diagram o f the Geographic Database: linear features.

which is an Arc/Info client that works as a gateway 
between Arc/Info and Oracle. For the creation of 
the spatial database each layer stored as an 
Arc/Info coverage is converted to a Feature Type. 
The Feature Type preserves the geometry and all 
properties appearing in the feature attribute table 
of the coverage. A mapping exists between the 
geometry type of features in the geo-database and

the coverages. In addition a new field called 
ObjectJD  is created for all geometry types, which 
guarantees a unique ID for each object as required 
by the data model. All Info tables that store addi­
tional properties of the features are transformed 
into Oracle tables. Coverage and Info table items 
are mapped based on a combination of their type 
and their width. The elements of each linear fea-

Raw XSLT Geographic Data
XML GML
Data

,, JavaScript
r  ^
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quality GML
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Figure 6: Prototype System Architecture.



ture are stored in the database segmented in 
homogeneous line segments.
The 'Shape_Classification’ attribute stores the 
information that classifies each one of them in a 
group of lines with similar shape such as ‘sinu­
ous’, ‘smooth’ etc. An additional table ‘Generalisa­
tion Strategy’ stores (in field ‘Algorithm’) for each 
group of lines the optimal algorithm e.g. Douglas -  
Peucker, Lang etc. and for each generalisation 
operator e.g. simplification, smoothing etc. (in field 
‘Operator’) the proper operator. At the moment and 
based on the knowledge on the optimal generalisa­
tion solution in relation to line shape and quality 
constraints acquired through the authors’ experi­
ments (Skopeliti, 2001; Skopeliti and Tsoulos, 
2000; Skopeliti and Tsoulos, 2001a; Skopeliti and 
Tsoulos, 2001b) information on algorithms is avail­
able for line simplification. The UML class diagram 
of the Geographic Database in Figure 5 shows the 
storage of the linear features that supports the 
enhanced model for linear data generalisation.

The system uses the Open GIS Specification for 
Web Map Services (WMS, 2004) for the communi­
cation between the server and the client. A map 
request is formed by the user in the client, based 
on WMS and is subsequently transferred to the 
system server via Simple Object Access Protocol 
(SOAP, 2003). This request is transformed in a 
WFS request to the database (Figure 6). Data for 
the linear feature requested are extracted through 
a spatial query from the database in XML raw for­
mat. The elements of each linear feature are 
stored in the database segmented in homoge­
neous line strings along with the information that 
classifies each one of them in a group of lines with 
similar shape. The XML data are converted to GML 
format utilising XSLT (Tsoulos et al., 2003) in 
accordance with the aforementioned GML applica­
tion schema. A JavaScript handles the generalisa­
tion of linear features applying the algorithm suit­
able for this category of lines based on the 
metadata in the GML file and a new GML file that 
stores the generalised data is created. In addition, 
the Java module calculates the values of the meas­
ures used to describe the line shape change and 
the horizontal position deviation. This information 
appears as metadata along with the data in the 
new GML data files. The graphical output of the 
generalised data is a map in SVG generated 
through an XSLT transformation (Spanaki, 2002; 
Antoniou, 2004; Spanaki et al., 2004).

Conclusion

This paper addresses the development of data 
transfer and generalisation service over the Web 
utilising state-of-the-art standards and technolo­
gies introduced by the Open Geospatial Consor­
tium such as: Geographic Markup Language for the 
encoding and transfer of linear data and metadata, 
Scalable Vector Graphics for map display, Web Fea­
ture Service for data retrieval from the database 
and Web Map Service for map query and transfer. 
This service applies on the fly generalisation to the 
linear data retrieved from a database based on the 
enhanced geographic data model. This model is 
based on the following assumptions: linear fea­
tures are segmented in homogeneous segments, 
segments are classified into similar shape groups 
and ‘a priori’ knowledge of the most appropriate 
generalisation strategy in relation to line shape is 
provided. On the fly generalisation uses measures, 
which describe line shape and the horizontal posi­
tion deviation between the original and the gener­
alised line, to assess generalisation quality. Gener­
alised data and metadata are encoded according 
to the GML schema proposed. The user through 
the client may access the generalised data and the 
quality metadata or a map in SVG. The proposed 
service is an integral approach to dynamic transfer 
and generalisation of linear features based on 
open standards that constitute a modern frame­
work in geodata transfer and processing.

Appendix I -  List of Measures Evaluated

Fractal dimension; bandwidth; segmentation; error 
variance; concurrence; average angularity; stan­
dard deviation of average angularity; average mag­
nitude angularity; standard deviation of average 
magnitude angularity; average positive angularity; 
average negative angularity; average angularity 
length; average magnitude angularity length; aver­
age curvilinearity length; standard deviation of 
curvilinearity length; curvilinearity ratio; average 
vector displacement from baseline; average magni­
tude vector displacement from baseline; ratio of 
the average vector displacement from baseline to 
the average magnitude vector displacement from 
baseline and Jasinski’ s angularity. The ratio of the 
line length to the base line length is also intro­
duced. This measure describes the deviation of the 
line from its simplest form, that is, the base line.



Figure 7: Angularity sign definition.

Appendix II - Measures Definition

The angularity measure (Bernhardt, 1992) is the 
supplement of the angle at each vertex (Figure 7). 
A set of measures based on the angularity is the 
average angularity, the average positive angularity, 
the average negative angularity, the average magni­
tude angularity, the average angularity length, the 
average magnitude angularity length and their stan­
dard deviations. Curvilinearity measures the num­
ber of infection points, which are the points of the 
line where angularity changes sign. A set of meas­
ures based on the curvilinearity are: the average 
curvilinearity length, the standard deviation of 
curvilinearity length and the curvilinearity ratio. The 
average angularity and curvilinearity can be meas­
ured at different levels of detail by computing the 
measures for different sets of vertices, other than 
the immediately consecutive ones. For every triplet 
of vertices n points apart, where n =1 to 60, an

angularity value is computed. The average of all 
these values is extracted for each n and the aver­
age angularity plot at different ranges is construct­
ed. In the same way, the average magnitude angu­
larity plot at different ranges and the curvilinearity 
plot at different ranges are constructed. According 
to Jasinski (1990) the average angularity variable 
is calculated as follows: The measure can take val­
ues ranging from 0 (straight line, inter-segment 
angle is 0), to 1 (the line backs on itself, the angle 
is 180 degrees). The value of angularity is the 
same whether the angle of change is positive or 
negative.

Structure signature (Buttenfield, 1991) incorpo­
rates five parameters whose measurements are 
repeated for different resolution (Figure 8). The 
first computation {anchor line length) measures the 
Euclidean distance between the starting and end­
ing points of the string. It is used to compute the

Figure 8: Parameters defining structure signature.



two parameters describing the Minimum Bounding 
Rectangle (MBR) of each segment.

The first one, labeled bandwidth, measures the max­
imum perpendicular deviation of any coordinate in 
the original string on either side of the anchor line. 
The second is called segmentation and is the dis­
tance from the coordinates of the starting point to 
the location on the anchor line where the maximum 
deviation occurs. Error variance is the discrete 
approximation of the total discrepancy between the 
anchor line and the original coordinate string. Con­
currence is a count of the number of times the line 
segment crosses the anchor line.

Fractal dimension relates the decrease of stride 
length used to measure the line length, to the 
increase in the total line length. The plot of the set 
of measured lengths and strides in logarithmic 
scale constitutes the Richardson plot. A linear 
regression model is fitted to the data. The aspect 
of the best-fit line and the goodness of fit (R2) are 
stored for each line as the fractal dimension 
results. Fractal dimension calculation is usually 
carried out with the structured walk algorithm 
(Bernhardt, 1992). The ratio of the line length to 
the base line length describes the deviation of the 
line from its simplest form, that is, the base line.
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