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National foreword

This British Standard is the official English language version of
EN ISO 14825:2004. It is identical with ISO 14825:2004. It supersedes
DD ENV ISO 14825:1997 which is withdrawn.

The UK participation in its preparation was entrusted to Technical Committee
EPL/278, Road transport informatics, which has the responsibility to:

— aid enquirers to understand the text;

—  present to the responsible European committee any enquiries on the
interpretation, or proposals for change, and keep the UK interests
informed,;

— monitor related international and European developments and
promulgate them in the UK.

A list of organizations represented on this committee can be obtained on
request to its secretary.

Cross-references

The British Standards which implement international or European
publications referred to in this document may be found in the BSI Catalogue
under the section entitled “International Standards Correspondence Index”, or
by using the “Search” facility of the BSI Electronic Catalogue or of

British Standards Online.

This publication does not purport to include all the necessary provisions of a
contract. Users are responsible for its correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, the EN ISO title
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The BSI copyright notice displayed in this document indicates when the
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Foreword

This document (EN ISO 14825:2004) has been prepared by Technical Committee ISO/TC 204
"Transport information and control systems" in collaboration with Technical Committee CEN/TC
278 "Road transport and traffic telematics", the secretariat of which is held by NEN.

This European Standard shall be given the status of a national standard, either by publication of
an identical text or by endorsement, at the latest by August 2004, and conflicting national
standards shall be withdrawn at the latest by August 2004.

This document supersedes ENV ISO 14825:1996.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of
the following countries are bound to implement this European Standard: Austria, Belgium,
Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary,
Iceland, Ireland, ltaly, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland,
Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland and United Kingdom.

NOTE FROM CMC The foreword is susceptible to be amended on reception of the German
language version. The confirmed or amended foreword, and when appropriate, the normative
annex ZA for the references to international publications with their relevant European
publications will be circulated with the German version.

Endorsement notice

The text of ISO 14825:2004 has been approved by CEN as EN ISO 14825:2004 without any
modifications.
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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an

International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 14825 was prepared by Technical Committee ISO/TC 204, Intelligent transport systems.

Its cancels and replaces ISO/TR 14825:1996, which has been technically revised.
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Introduction

By the late 1980’s, producers and users of digital road map data became increasingly aware of the need for a
common data interchange standard. Lack of such a standard was seen as an impediment to the commercial
growth and success of industries using such data. Before the advent of the Traffic Information and Control
Systems (TICS) industry, development of spatial data interchange standards was done mostly on a regional
basis and not designed for the specialized requirements of road transport-related applications. Furthermore,
the 1990s saw the expansion of the number of TICS applications developers who needed map data vendors
to supply their products in an economical, efficient and non-ambiguous manner. Moreover, the TICS
applications suppliers and developers were largely deploying systems in Europe, Japan, and the USA,
marking the essential need for standardization on a global level.

The industry looked to ISO as a logical forum for standards development. The establishment of ISO TC204 in
1993 sought to remedy the lack of international standards for the TICS industry now also known as Intelligent
Transportation Systems (ITS). The technical committee is divided into 16 working groups. Working Group 3
(WG3) was charged with the responsibility of developing standards to promote interchangeability of map data
and interoperability of systems using map databases.

The work of WG3 started in 1994 with a review of the available regional standards documents. Considerable
differences were identified. The Japanese standard developed by the Japan Digital Road Map Association
(JDRMA) was oriented towards navigation applications with much emphasis placed on access speed and file
size. The developments in the US had resulted in the Spatial Data Transfer Standard (SDTS), a highly
generalized approach that provided a standard way of describing the contents of a geographic data set rather
than on standardizing its content. The work in Europe resulted in a standard called GDF3.0 (Geographic Data
Files), featuring an application independent data model, traffic and transport related extensions, flexibility, and
extendibility.

The review of available standards led to an agreement that the European input represented the most
comprehensive source of input and would be used as the basis for further development. The work was initially
divided into 8 task groups, each dealing with a specific clause of the final document. In these task groups,
delegates from Australia, Canada, Germany, Japan, Korea, the Netherlands, and the United States worked
together to identify and incorporate the requirements of the different member states in the base documents. In
the course of this process, the number of issues which spanned more than the base task group documents
increased. Consequently, it was decided to continue the work in one joint task group in order to finalize the
standard document. This change also enabled the merging of the component work into a single document.

Approximately 30 rounds of meetings were held between 1994 and 2000. This document contains the result of
this activity.

The current document presents the specification for the GDF4.0, a standard for the definition and exchange of
geographic road databases. The specification of this International Standard is divided into several parts.

After the introductory clauses, the Overall Conceptual Data Model is specified. In it, the basic building blocks
of a GDF and their interrelations are explained. It contains a specification of the different types of topology
supported by this International Standard. It addresses the different levels on which the data are defined. It
furthermore describes how database representations of real world objects, referred to as features, are defined.
This International Standard further defines simple features and complex features. Simple features are defined
using the basic building blocks. Complex Features are defined as aggregations of other features. This
International Standard describes the characteristics of features, called attributes, and the topological and non-
topological interrelations between features. Attributes can be either simple, i.e. consisting of one atomic value,
or composite, i.e. consisting of a number of values, each represented by a separate Sub-Attribute. Non-
topological interrelations between features are called Relationships. This International Standard specifies that
Feature Representations can be of zero, one, or two dimensions. Finally, this International Standard describes
the organization of the features in a GDF. Conceptually, features are organized in different feature themes.
Physically, features are organized in sections by area or in layers by contents.
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In the Feature Catalogue the different features supported by this International Standard are defined. This
International Standard also supports the inclusion of features which are not defined in this International
Standard. These are called user-defined features. This specification of features by no means dictates
mandatory inclusion. The actual contents of a GDF, apart from a minimum set of records [See Media Record
Specifications], is not specified by this International Standard since this is considered to be an issue between
clients and vendors. A special case is the Features from the Services Feature Theme. Because the
requirements for this feature theme are highly market-oriented, it has been decided that the Services Feature
Theme does not contain any predefined Features. Although they all are user-defined, the annex contains an
informative list of service definitions to assist users of this International Standard.

In the Attribute Catalogue the different characteristics of features, called Attributes, are defined per feature
theme. Also, in the case of Attributes, this International Standard supports the ability to define Attributes not
defined by this International Standard. These are called user-defined attributes. The attributes defined do not
specify the contents of a proper GDF.

In the Relationship Catalogue the different non-topological relations which features can have are defined.
Within GDF these are called Relationships. Relationships can relate features of different Feature Themes.
Thus they are not defined per feature theme. Also in the case of Relationships, this International Standard
supports the ability to define user-defined Relationships. Again, the Relationships defined do not specify the
contents of a proper GDF.

In the Feature Representation Rules the possible geometrical ways in which the individual Features can be
represented are specified. This International Standard supports zero-, one- and two-dimensional
representation. Three-dimensional representation is supported by this International Standard but not
geometrically.

As stated above, this International Standard does not specify the actual contents of a GDF. It furthermore
allows the introduction of user-defined features. In certain cases, different alternative ways of modelling and
representation are offered. Representing features in different geographical areas also may require the use of
different basic representation mechanisms such as character sets, projection systems etc. It is important that
all these individual choices associated with a GDF are specified. Furthermore, a GDF should essentially be
self-contained and be readable without any external specification. In order to make this possible, this
International Standard specifies ways of describing a specific GDF by means of meta data. The Metadata
Catalogue contains a specification of the components of this meta data.

Apart from providing a standard for the definition of geographic road databases, this International Standard
also specifies an exchange mechanism. In order to facilitate the definition and exchange of data, a logical
view of the data is important. This logical view is presented in the Logical Data Structures. The data structures
are specified using the Data Description Language ESN.

The exchange format itself is specified in the Media Record Specifications. The different records in the
sequential record structures are described in addition to the specification of specific physical constraints. As
mentioned above, a GDF is a representation of (part of) the real world, which in itself is dynamic. The process
of bringing a GDF in line with the changed reality is called updating. The specification allows for the explicit
registration of updated information thereby allowing map databases to continue to reflect ground truth over
time.

Features, Attributes and Relationships appear in the physical GDF as codes. These codes are specified in
Annex A. Codes used in the Metadata are given in Annex B which is an informative part of this International
Standard. In order to access to most up-to-date information, the user is referred to the original source
organisation. Annex C contains the specification of Features of the theme Services as an informative part of
this International Standard. In Annex D, the syntax for specifying temporal aspects of geographic information
is described. The specific rules for organising a GDF in different areal subsets (sections) is described in
Annex E. As informative parts of this International Standard, guidelines for the formation of Level 2 Features
from the Feature Theme Roads and Ferries are given in Annex F. A list of local Administrative Area names in
different countries is given in Annex G.

Quality of a GDF is addressed in the informative Annex H. Quality is an important aspect of geographic
information. Since a GDF is a representation of a part of the real world, which is in itself subject to change, a
certain number of misrepresentations can never be excluded. It is important to be able to specify these.
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Annex H contains a methodology with which this notion of quality can be measured statistically. It should be

noted that the annex describes how to describe and express quality characteristics but does not specify what
the quality should be.

Finally, Annex | contains an informative overview of the possible combination of attributes with the respective
Feature and Relationship Types.
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Intelligent transport systems — Geographic Data Files (GDF) —
Overall data specification

1 Scope

This International Standard specifies the conceptual and logical data model and the exchange format for
geographic data bases for Intelligent Transportation Systems (ITS) applications. It includes a specification of
potential contents of such data bases (Features, Attributes and Relationships), a specification of how these
contents shall be represented, and of how relevant information about the database itself can be specified
(meta data).

The focus of this International Standard is on ITS applications and emphasizes road and road related
information. ITS applications, however, also require information in addition to road and road related
information.

EXAMPLE 1 ITS applications need information about addressing systems in order to specify locations and/or
destinations. Consequently, information about the administrative and postal subdivisions of an area is essential.

EXAMPLE 2 Map display is an important component of ITS applications. For proper map display, the inclusion of
contextual information such as land and water cover is essential.

EXAMPLE 3 Point-of-Interest (POI) or service information is a key feature of traveller information. It adds value to end-
user ITS applications.

The Conceptual Data Model has a broader focus than ITS applications. It is application independent. This
allows for future harmonization of this International Standard with other geographic database standards.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO/IEC 8859-1, Information technology — 8-bit single-byte coded graphic character sets — Part 1: Latin
alphabet No.1

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
3.1 General terms

3141

accuracy

closeness of results of observations, computations or estimates to the true values or the values as accepted
as being true [2]

3.1.2

cartographic primitive
atomic construction element in a cartographic representation, i.e. Node, Edge and Face
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3.1.3
data file
collection of related data records [2] having a homogeneous structure

314
data record
record containing Feature related data

3.1.5
entity
real world phenomenon that is not subdivided into phenomena of the same kind [2]

EXAMPLE A bridge.

3.1.6
error rate
percentage of falsehoods

3.1.7
field
specified part of a record containing a unit of data which may be a data element or a data item [1]

3.1.8

geocoding

software process of matching a street address or other geographic entity against a map data base in order to
derive the geographic co-ordinates of the address or the associated street segment

3.1.9

global record

record that logically precedes the data records and contains control parameters, data definition and
documentation necessary to interpret companion data records [23]

3.1.10

ground-truth surrogate

reference source of sufficient Completeness and/or accuracy that may be substituted for Field verification
when measuring the Completeness and/or accuracy of map database Features, Attributes, or properties

3.1.1
information unit
collection of information that may be regarded as an undivided whole

EXAMPLES One Data Set, one Section, one Layer.

3.1.12
logical domain
range of Attribute Values to which a meaning has been assigned

3.1.13
logical unit
collection of data that may be regarded as a logically undivided whole

EXAMPLE One logical record.
3.1.14
medium unit

object for data storage that can be considered as a physically undivided whole

EXAMPLES One floppy disk, one magnetic tape, a CD, a DVD.
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3.1.15
multi-media
any kind of data other than conventional data

EXAMPLES Graphic, audio and visual data [22].

3.1.16
multi-media object
piece of multi-media to be processed by some application

EXAMPLES A picture, a text, a movie, a sound.

3.1.17

precision

closeness of measurements of the same phenomenon repeated under exactly the same conditions and using
the same techniques

3.1.18
primitive
fundamental form from which all other forms can be derived [19]

3.1.19
record
implementation dependent construct that consists of an identifiable collection of one or more related Fields [2]

3.1.20

repeating attribute type

attribute type that may have multiple values associated to one and the same instance of a particular Feature
type

3.1.21
resolution
smallest unit which can be detected and fixes a limit to precision and accuracy

3.1.22
spatial domain
description of the limits of a geographical area to which a particular set of data spatially belongs

3.1.23
source material
origin of data in analogue or digital representation, stored on any kind of data medium

3.1.24

topology

field of mathematics that deals with characteristics of geometric structures that are preserved after continual
variation [17]

3.1.25
transcription
rendering of geographic names from a non-alphabetic script into an alphabetic one or vice versa

NOTE The term is also applied to initial recording script of hitherto unwritten names [16].
3.1.26

up-to-dateness
closeness in time of the (geographic) data to the present reality
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3.2 Mathematical terms

3.21
area feature
two dimensional Feature, defined by one or more faces

3.2.2
edge
directed sequence of non-intersecting line segments with nodes at each end [2]

3.23
enclave
small part of an area enclosed by another area seen from the area to which that part belongs [15]

3.24
exclave
small part of an area enclosed by another area seen from the enclosing area [15]

3.25

face

two-dimensional element bounded by a closed sequence of edges and by zero or more sets of non-
intersection closed sequences of edges within the first sequence of edges

NOTE The face is the atomic two dimensional element.

3.2.6

graph

set of points and a set of arrows, with each arrow joining one point to another, whereby the points are called
nodes of the graph, and the arrows are called the edges of the graph [19]

3.27
intermediate
point, other than a Node, that defines the shape of an Edge

3.2.8
line feature
one-dimensional Feature defined as a sequence of one or more edges

3.29
loop
edge which is bounded at both ends by one and the same node

3.2.10
node
zero-dimensional element that is a topological junction of two or more edges, or an end point of an edge [2]

3.211
non planar graph
graph which is not planar

3.212

path

finite, alternating sequence of nodes and edges, such that every arc is immediately preceded and succeeded
by the two vertices with which it is incident and in which no vertex is repeated, except (possibly) the first and
the last one [19]

3.213

planar graph

graph which can be embedded in a plane, meaning that it can be drawn on the plane so that edges intersect
only at a node mutually incident with them
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3.214
plane graph
planar graph embedded in the plane

3.2.15
point
zero-dimensional element that specifies geometric location specified by one coordinate pair or triplet [2]

3.2.16
(line) segment
direct connection between 2 Intermediate Points, 2 Nodes or a Node and an Intermediate Point

3.2.17

valency

degree

number of edges which are incident with a particular Node

3.3 Geodetical terms

3.31

control point

point having known co-ordinates in the real world and identifiable with a corresponding point in a map or an
aerial photograph or satellite image

3.3.2
ellipsoidal height
distance between a point and the reference ellipsoid, measured along the ellipsoidal normal

3.3.3
geodetic datum
mathematical surface that approximates a portion of the earth surface

3.34

geoid

model of the figure of the earth, that coincides with the mean sea level over the oceans and continues in
continental areas as an imaginary sea level surface, defined by spirit level

NOTE At every place Geoid level/surface is perpendicular to the pull of gravity. The shape is irregular, but can for
most purposes be approximated by an oblate ellipsoid.

3.3.5
geoid undulation
difference between the orthometric height and the ellipsoidal height, measured along the ellipsoid normal

3.3.6

height

elevation

(vertical) distance between a point and the reference height level or the reference ellipsoid

NOTE On land maps the reference level is commonly the mean sea level.

3.3.7
horizontal reference system
reference system for positions

3.3.8

magnetic declination
angle between Magnetic North and True North [15]
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3.3.9
map projection
transformation method used to represent the curved earth surface on a plane

3.3.10
offset
pair of values, subtracted from all coordinate values in order to shorten these coordinate values

3.3.1
orthometric height
distance between a point and the geoid (measured along the perpendicular line

3.3.12
reference ellipsoid
oblate ellipsoid of revolution that is used to approximate the figure of the geoid

NOTE It is specified by two parameters: a semi-major axis « (equatorial radius of the earth) and a semi-minor axis b
(polar radius). The flattening fis defined as: = (a — b)a.

3.3.13
reference height level
level to which all terrestrial heights are referred

NOTE It changes from country to country and it forms part of the national coordinate system for surveying and
mapping.

3.3.14
reference system
coordinate system on which a national survey is based [15]

3.3.15
vertical reference system
reference system for elevations

3.3.16

world geodetic system

(WGS)

set of standard reference ellipsoids that define latitude, longitude and height for every point on the earth

3.4 GDF Terms
NOTE All Feature Classes mentioned below are defined in the Feature Catalogue.

3.41
album
collection of related Data Sets (logical sub-division) and Volumes (physical sub-division)

3.4.2
attribute
characteristic of a Feature which is independent of other Features [2]

343
attribute code
alphanumeric identifier for an Attribute type [1]

344
attribute name
name associated to an Attribute Type [1]
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3.4.5
attribute type
defined characteristic of a Feature, which is independent of the other Features

3.4.6
attribute value
specific quality or quantity assigned to an Attribute [2]

3.4.7
completeness
extent to which all specified Features are present

3.4.8
correctness
indication of whether a data item is correctly recorded according to a specified data catalogue

3.4.9
data set
sub division of Album, which in turn can be subdivided into Sections

EXAMPLE Large set of data covering a particular geographic area.

3.4.10

district

area regarded as a geographical unit, which is defined by the delivery of a specific public or private sector
service

3.4.11
feature
database representation of a real world object

3.412
feature category
type of representation of a Feature including Point, Line, Area and Complex Feature

3.4.13
feature class
categorisation of a Feature

3.4.14
feature class code
alphanumeric identifier for a Feature Class [1]

3.4.15
feature name
name associated with a Feature Class [2]

3.4.16
feature theme
specified group of related Features

3.4.17
field
set of characters representing one unit of data

3.4.18

layer
certain subset of a Data Set based upon information contents
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3.4.19
manoeuvre
ordered sequence of a Road Element, a Junction and one or more Road Elements

3.4.20

place

administrative area of the types: Order-i Area, Country, Supra-National Area or Named Area of the types :
Built-up Areas, Named Areas, Districts

3.4.21

property

combination of Attribute and Relationship values which pertain to a Feature and which together define a
certain characteristic of the Feature

3.4.22
relationship code
alphanumerical identifier for a Relationship

3.4.23
relationship name
name associated with a Relationship Type [2]

3.4.24
relationship type
defined characteristic of a Feature which is dependent of other Features

3.4.25
(semantic) relationship
characteristic of a Feature involving other Features

3.4.26
section
spatial subset of a Data Set

EXAMPLE Coverage area of a map sheet, confined by geographic co-ordinates.

3.4.27

transportation element

Road Element, Railway Element, Chainage Referencing Section, Ferry Connection, Water Body, Water
Boundary Element, Junction, Railway Element Junction or Water Boundary Junction

3.4.28
turn
ordered sequence of a Road Element, a Junction and Road Element

NOTE A Turn is a special case of a Manceuvre, relating exactly two Road Elements.

3.4.29
volume
smallest physical unit of a medium

NOTE A single Volume may contain one or more GDF Datasets depending on Dataset size.
EXAMPLE A magnetic tape, a floppy disk etc.
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4 Symbols (and abbreviated terms)

Many of the basic concepts of GDF are best expressed diagrammatically in data models. For this, a variant of
Entity-Relation Modelling referred to as NIAM modelling (Nijssens Information Analysis Method) is used [22].
Figure 1 presents an overview of the notation elements applied by this method.

A Entity type “A” has data type
[Data ) “Data type” and domain
type “Domain”

[Domain]

“A"plays role X 10 8"
“B” plays role “y” to “A”

In case of bi-valent Relationship types,
the two role boxes together represent
the entity Relationship

«—
:I Uniqueness constraint

( x) Exclusivity constraint
N y

Mandatory role

“A” is subtype of “B”

Figure 1 — Notation elements of NIAM

5 Overall Conceptual Data Model
5.1 Data Models in GDF

The general data model of GDF is presented in Figure 2. See Figure 1 for the notation elements used.
Detailed sub-schemas are presented in the respective clauses. The complete data model and views pertinent
to each of the volumes are presented and explained in detail in the remainder of this clause.

5.2 The overall Data Model of GDF
5.2.1 The Feature Model

In the centre of the model in Figure 2 resides the “Feature” which is a data base representation of a real world
geographic object. Examples of real world geographic objects are roads or buildings. Note that in this diagram
“Feature” has the meaning of Feature instance, i.e. an individual occurrence of a geographic object, such as
the Eiffel Tower in Paris.

Figure 2 shows that each Feature must belong to exactly one Feature Class and exactly one Feature Theme.
The diagram also shows that Feature Classes and Feature Themes are uniquely referenced by a Name and a
Code.
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Each Feature belongs to a certain Feature Class, i.e. a set of Feature instances of the same class. Each
Feature belongs to not more than one Feature Class; hybrid Features are not allowed. This constraint is
indicated by the arrow above “belongs to”. Each Feature also must belong to a Feature Class: classless
Features are not allowed. This constraint is indicated by the black dot at the location where “belong to” is
attached to “Feature”.

The diagram shows furthermore that each Feature may have zero, one or more Attributes and may be related
to one or more other Features.

It can also be seen that each Feature is of exactly one Feature category. The Features categories defined are
Point, Line, Area and Complex Features. In the diagram this is visualised by the single side arrows, which
indicate a sub-type constraint.

The sub-types Point, Line and Area Features each appear twice in the data model. This relates to the fact that
each of these Feature categories can be represented in two ways in a GDF. To describe the differences it is
necessary to identify the different types of topology which are supported by this International Standard. For
this first attention need to be paid to the different levels on which the information is stored. The diagram shows
furthermore that certain Features are composed of one or more other Features. These are called Complex
Features. For example, a Road may contain Road Elements.

5.2.2 Levels in GDF

The different objects together making up a GDF are conceptually divided over three different levels. These
levels are referred to as Level-0, Level-1 and Level-2. The Features are divided over level-1 and level-2
depending on whether they are simple (level-1) or complex (level-2). On Level-0 the basic graphical building
blocks are defined. These basic building blocks are nodes (zero-dimensional), edges (one-dimensional) and
faces (two-dimensional) or alternatively, dots, polylines and polygons. Dots, polylines and polygons can not be
aggregated into Complex Features. The difference between simple and complex Features is that simple
Features are defined with the basic building blocks stored on level-0 whereas complex Features are defined
with simple or other complex Features. In other words, complex Features form aggregates of other Features.

5.2.3 Graph topology supported by this International Standard

When the different types of topology supported by this International Standard are described, the topology as
defined on level-0 is meant. The topology present on the Feature level is only explicitly defined in certain
cases:

e Onlevel 1: the possibility to reference the start and end point Feature of a Line Feature

e Onlevel 2: the possibility to reference the start and end Complex Feature of a Complex Feature.

Other explicit ways of defining level-1 topology are not supported in the definition of the Features. If it is
necessary to extend this, one has to make use of Relationships (See below: The Relationship Model).

On Level-0 the following types of graph topology are defined:

e Non-explicit topology: No topological relations between objects are explicitly defined. That is, topological
relations are only defined via co-ordinate values.

e Connectivity topology: Topological relations between zero- and one-dimensional objects are explicitly
defined. No topological relations between these objects and two-dimensional objects are explicitly defined.

e Full topology: zero-, one- and two-dimensional objects are defined with all topological relations explicitly
defined.

Non-explicit topology gives the possibility to define and process data, for which spatial relations are less
relevant (e.g. data used only for map display), in a very efficient way. Connectivity topology gives the
possibility to perform network operations in a very efficient way. Full topology gives also the possibility to
efficiently integrate areal information in network operations.
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This International Standard explicitly supports these three kinds of topology. In the full topological way, the
basic building blocks of zero- and one-dimensional Features, the nodes and edges, form a planar graph. Area
Features are defined via faces, the two-dimensional basic building block.

In the connectivity topology way the basic building blocks of zero- and one-dimensional Features, nodes and
edges, together form a non-planar graph. That is, where in reality two Features cross at different levels (e.g.
two roads crossing via a bridge), the edges which represent these Features cross without a node being
defined on the point of crossing. Two dimensional Features are defined basically different than in the full
topological way. Whereas in the full topological way an Area Feature is defined by referencing the faces
making up that Area Feature, areas in the connectivity topological way are defined via their boundary. This
boundary is defined by referencing the edges making up this boundary. In Figure 2 the two options are
indicated by the fact that an area can have a “represents/is represented by relation” with a Face and a
“left/right bounds/is bounded by relation” with an Edge.

As is stated above, in the full topological way, the basic graph is planar. Reality however is not planar. Roads
for instance can cross each other at different grades. This non-planarity shall be introduced on level-1 by the
level-1 topology and the introduction of grade separated crossings.

In the non-explicit topological way the basic building blocks of zero-, one-and two- dimensional Features, dots,
polylines and polygons are only related via their co-ordinate values.

In the remainder of this sub-clause, the full topological way and the connectivity topological way will be both
referred to as the “ftopological way” and the corresponding Features as topological Features, while the non-
explicit topological way will be referred to as the non-topological way and its corresponding Features as “non-
topological Features”.

In the topological way, Features are defined by the basic building blocks Nodes, Edges and Faces. The
diagram shows that a topological Point Feature is always represented by exactly one Node, a topological Line
Feature by one or more Edges and a topological Area Feature either by one or more Faces or by one or more
Edges forming one or more closed boundaries. The lowest part of the diagram illustrates how the basic
building blocks, Face, Edge and Node are mutually related, thus signifying the topological definition of these
basic building blocks.

In the non-explicit topological way, Features are defined by the basic building blocks Dots, Polylines and
Polygons. The diagram shows that a non-topological Point Feature is always represented by exactly one Dot,
a non-topological Line Feature exactly one Polyline and a non-topological Area Feature by exactly one
Polygon. As can be seen, no relations are defined between these basic building blocks, thus signifying their
non-topological nature.

Because it is assumed that non-topological features are defined completely independent of other features
non-topological features are not supposed to form complex features.

It is important to note that non-explicit topological Features shall not be together with topological Features in
one Layer (see Figure 3). Furthermore, where any real world object may be represented by a topological
Feature, this is not the case for non-topological Features. Particularly, objects from the Feature Themes
Roads and Ferries and Public Transport shall not be represented as non-explicit topological Features.
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Figure 3 — Organization of data in layers
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5.3 The basic building blocks of topological features in a GDF: Nodes, Edges and Faces

The basic building blocks of the topological Features in a GDF are the cartographic primitives Nodes, Edges
and Faces. They together contain the geometrical and topological information of the Features which refer to
them. The real world connotation is not contained. This is added at the Feature level.

A node represents a zero-dimensional location on the earth surface. It constitutes the zero-dimensional
building block.

An edge represents a one-dimensional location on the earth surface. It constitutes the one-dimensional
building block. An edge is bounded by a start node and an end node.

The two-dimensional building block is the Face. It represents a two-dimensional location on the earth surface.
As was stated above, next to Area definitions via Faces, this International Standard also supports Area
definition via its boundary. This boundary is defined by referring to it composing Edges.

5.4 The basic building blocks of non-explicit topological features in a GDF: Dots, Polylines
and Polygons

The basic building blocks of the non-explicit topological Features in a GDF are the objects Dots, Polylines and
Polygons. They contain geometrical information of the Features which refer to them. Explicit topological
information is not contained in these objects. Also the real world meaning is not contained. This is added on
the Feature level.

A Dot is a zero dimensional location on the earth surface.
A Polyline is a one-dimensional location on the earth surface.

A Polygon is a two-dimensional location on the earth surface by means of a representation of the objects
boundary.

In order to unambiguously define a Polygon, it is necessary that it is defined relative to the order of the co-
ordinates of the boundary. The Polygon will always be located on the right side of the sequence of co-
ordinates. It is allowed that a Polygon is defined by more than one boundary. In this way, enclaves and
exclaves are defined according to the same principle as stated above. The individual boundaries will always
have identical start and end co-ordinates.

5.5 The Attribute Model

Characteristics of Features which are independent of other Features are modelled as Attributes. Attributes are
of a certain Aftribute Type identified by the name and the code. The value of an Aftribute instance is called an
Attribute Value, which can either be a code, text, an ID or value. This International Standard specifies which
Attributes may be used in combination with which Features.

In most cases Attribute Values are defined within the GDF itself. There can however be exceptions to this. So
far, the only example is the multimedia extension to a GDF via references to external binary files. These
references have the form of Attribute Values.

The Attribute Model defines a set of Attribute Types and corresponding reference names and codes as shown
in Figure 4. The Model defines the Feature Class and/or the Relationship Type to which a particular Attribute
Type may be attached.

The diagram shows that an Attribute may be an aggregation of other Attributes. Such an Attribute is called a
Composite Attribute. A Composite Attribute consists of a number of Sub-Attributes. Semantically, a Composite
Attribute specifies an aggregated value, which is composed of a number of other values, specified by the
value of the respective Sub-Attribute. In most cases, like values of normal Aftributes, Sub-Attributes values
are independent. Their appearance in a Composite Attribute specifies the fact that they only have significance
in combination with the other Sub-Afttribute values. Cases where Sub-Attribute Values are not independent are
cases where an Attribute (Simple or Composite) are combined with a so-called Restrictive Sub-Attribute. In
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these cases, the validity of the Aftribute is restricted to the value specified in the Restricted Sub-Attribute.
Restricted Sub-Attributes may never be attached to a feature individually. They shall always appear in
combination with the attribute they restrict. Restrictive Sub-Attributes may be attached individually to
Relationship. In these cases they restrict validity of the Relationship.

contains | Is part of

Is part of

Is restricted by | restricts

RELATIO
SHIP TYPE
INAME]

Characterises Is characterised by

SIMPLE
ATTRIBUTE
TYPE
[NAME]
[CODE]

Is characterised by ‘ Characterises

Figure 4 — The data model for Attributes

5.6 The Relationship Model

A Semantic Relationship is a meaningful link between two or more Features, which are not necessarily of
different classes. Furthermore, the Features related by a Semantic Relationship can be in the same or in
different Layers.

Semantic Relationships with a common structure (e.g. linking Feature A to Feature B, where the instances of
A are always of the same class and where the instances of B are always of the same class) and with a
common meaning, are grouped into a Relationship Type. A particular Relationship Type is uniquely referred to
by a Relationship Name or a Relationship Code (see Figure 5).

Relationships are in most cases binary, i.e. involving two Features. However there are instances when three
or more Features are involved in a Relationship. For example, the Relationship Prohibited Manoeuvre
requires a Road Element, a Junction and at least one other Road Element. The order in which these Feature
instances occur is significant. That is why Figure 5 shows a “Partner No.” which specifies the order in which
the individual Feature types should occur in the Relationship.

A Relationship may be further qualified by means of Attributes. The set of attached Affributes may or may not

be an ordered set. The fact whether for a particular Relationship Type the set of attached Attributes is to be an
ordered sequence is explicitly specified
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<>

is cor]éained | contains

<>

as partner #1| involves as
involved in | partner #1

!

as partner #N| involves as
involved in_| partner #N

<>

of | has

RELATION?
SHIP TYPE
[NAME]
[CODE]

RELATION-
has of ATTRIBUTE

Figure 5 — The data model for Relationships

5.7 The Feature Representation Scheme

The Feature Model, the Attribute Model and the Relationship Model can be considered as being valid for a
wide range of applications. With the Feature Representation Scheme however, we enter the world of a more
restricted group of applications that share the same representation needs. In this Feature Representation
Scheme for instance, it is defined that a Road Element shall always be considered as a Line Feature. Another
FRS however, possibly may specify that a Road Element should be considered as an Area Feature.

The most important role of the Feature Representation Scheme is to specify to which Feature Category or
categories a particular Feature Class must or may belong. Seven different categories are distinguished:
Topological Point, Line and Area Features, Complex Features and non-explicit Topological Point, Line and
Area Features.

Figure 6 illustrates that two different possibilities exist for a particular Feature Class:

a) all instances must be of one and the same category.

b) some instances may be of one category, other instances of another one.

FEATURE
CLASS
[NAME]
[CODE]

FEATURE
Is represented by | Is representation of

Figure 6 — The data model for Feature Representation
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5.8 Data Management

The contents of a digital road map can be thought of as being structured spatially and according to the
Feature content. This International Standard identifies the need for possibilities to define in a GDF different
independent chunks of data. For this, the following conceptual model is provided.

A GDF database is stored on an Album, which consists of n (physical) Volumes. The division of the data has
taken place here merely on the physical level. That is, the (set of) file(s) making up the database is broken off
at certain record and is continued in the next Volume.

The data in the database can be divided over one or more Data Sets, whereby each Data Set contains a
certain areal subset of the total area covered by the database. Within a Data Set, division according to the
Feature contents can take place. This will result in one or more Layers. A Layer shall either contain non-
topological Features only or Topological Features only (Figure 3). A Layer shall contain all the Feature
instances for one or more Feature Classes. All topological Features in a Layer are topologically integrated.
The Feature instances in a particular Layer are constructed from the same Level-0 representation.

The data within one Layer may be organised in one or more spatial subdivisions. These subdivisions are
called Sections. Examples of these subdivisions are rectangular meshes or more natural areas like
Administrative Areas. If all Layers in a Data Set have identical spatial subdivision, all of the Sections with the
same geographic boundaries are identified as a block. If this is not the case, a block equals one Section
(see Figure 7).

Spatial
(Section)

Layer #1

V_// [/ | t ]
Layer #k ////BLOCK /BLOCK
(Layers) _zL I .
// BLOCK / BLOCK
Layer #n
|74

Contents

1 BLOCK : 1 SECTION

(Socion) L / /
/

1SECTION

Layer #1 H
7 7
Contents :SECTION : / /
Layer #k H
(Layers) T T H /
4 A 4
(4

BLOCK 1 BLOCK : n SECTIONS

(n = number of Layers)

Figure 7 — Sections, Layers and Blocks
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6 Feature Catalogue
6.1 Generic Specifications
6.1.1 Features and Feature Themes

In GDF real world objects or activities at a certain location are represented by “Features”. Examples of real
world objects are roads and buildings. Examples of activities at a certain location are the services. Features
such as “Roads” and “Ferries” may be grouped together into “Feature Themes” (for instance “Roads and
Ferries”).

All Features and Feature Themes in the GDF are referenced throughout the manual by a Feature Name or
Feature Theme name. Most of these names are derived from terms commonly used in daily life (for instance
road, building). In order to distinguish a GDF Feature Name from these commonly used terms, the names of
the Features and Feature Themes are written in Italics with an uppercase character at the beginning of each
word (for instance “Road Element” versus “road element”).

6.1.2 Feature Class Codes

For data exchange the Features and Feature Themes are not referenced by their names but by a numeric
code. A four-digit code is used for Features and a two-digit code for Feature Themes. A strict 1:1 Relationship
exists between Feature Names and Feature Class codes and between Feature Theme names and Feature
Theme codes. A full list of codes is given in A.1.

6.1.3 Simple and Complex Features

GDF makes a distinction between Simple Features and Complex Features. A Simple Feature is a Feature not
composed of other Features.

A Complex Feature is composed of simple and/or other Complex Features. For example, an “Intersection” is a
Complex Feature, made up of a set of Features such as “Road Elements” and “Junctions”. An example of a
Complex Feature made up of other Complex Features is a Country made up of Order-1 (complex)
Administrative Areas.

6.1.4 Feature hierarchy

This International Standard supports the need to define a Feature hierarchy. In a Feature hierarchy definition,
a certain Feature Class can be defined as a sub-type of a more generically defined super type. In this way, an
instance of a sub-type can be considered on its own generalisation level as an instance of that sub-type while
at a higher generalisation level as an instance of its super type. As an example, one can consider a Hotel
which has as a super type “Lodging Facilities” which in turn can have as a super type “Tourist Facility’.

6.1.5 Data Model for the Feature Catalogue

Figure 8 shows that part of the data model that is relevant for the Feature Catalogue. It shows that Features
are organised into different Feature Themes.

6.1.6 User-defined Features

This International Standard supports the ability for a user to define Features that are not already defined. For
these, special Feature Class Codes have been reserved. (See A.1.)
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