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A Data Structure for Exchanging Geographical Information

A K Cooper
Centre for Advanced Computing and Decision Support, CSIR, P O Box 395, Pretoria, 0001

Abstract

Geographical information consists of non-spatial information (alphanumeric) and spatial information (vector
and raster), the relationships between the non-spatial information and the spatial information, as well as the
spatial relationships inherent in the spatial information, known as topology. It is undesirable for any exchange
standard to lose, reduce or alter any information exchanged through the standard. For this reason, current
alphanumeric and graphic exchange standards are insufficient for geographical information.

The project team drawing up a proposed South African standard for the exchange of geographical information
has studied the proposals and standards of other countries and has held discussions with the users and potential
users of computerised geographical information in this country. The project team feels that the best model for
use with the data structures of the exchange standard is the relational one. This paper describes the nature of

geographical information and the advantages of the relational model.
Keywords: Geographical Information, Exchange Standard, Topology, Feature, Attribute, Relational Model.
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1. Introduction

Geographical information consists of all information
that refers to the man-environment system and that
can be localised in space and time. Computerisation
of geographical information started with the
statistical processing of thematic data and with
automatic cartography. This has now developed to
Geographical Information Systems (GIS). A GIS
consists of a data base of spatially (geographically)
referenced data and a collection of utilities for
efficiently inputting, storing, retrieving,
maintaining, manipulating, analysing and displaying
the data.

A true GIS is a system that is oricntated to the
analysis of geographically referenced data to produce
useful information [3]. To do this, the GIS data base
must cater for the different types of geographical
information (vector, raster and alphanumeric) and
provide a topological structure for the spatial data —
that is, a structure that explicitly encodes the spatial
relationships inherent in the data.

A major problem with geographical information,
and one that has delayed its computerisation, is the
enormous volumes involved. Donald Light of the
US Geological Survey (USGS) estimates to digitise
the approximately 54 000 7.5-minute standard
topographical quadrangle maps (at a scale of 1:24
000) that cover the lower 49 American states, the
USGS will require a storage capacity of about 11
terabytes [10]. The scale of 1:24 000 would be
acceptably large for most rural applications, but for
urban applications, scales of 1:1000 or even larger
become necessary. The enormous volumes are not
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restricted to topographical data — consider the amount
of data captured in a population census.

It is not feasible to expect users of geographical
information to capture all their own raw data because
the time and costs involved are prohibitive. Users
must be able to acquire data from other users. There
are a number of different suppliers whose hardware
and software are used for processing geographical
information. Unfortunately, very few are compatible
with each other to the extent that they can exchange
geographical information. Generally, users have a
great deal of freedom in structuring their systems,
and consequently, there could even be significant
problems in exchanging information between
systems from the same supplier. Thus there is a need
for a software- and hardware-independent exchange
standard for geographical information. The data
structures of the exchange standard should be a
superset of the structures of the systems that might
use the exchange — they must not lose, reduce or
alter the information or its topology.

In April 1986, a joint project between the National
Research Institute for Mathematical Sciences
(NRIMS) of the CSIR and the Chief Directorate of
Surveys and Mapping (CDSM) was initiated to draw
up a South African exchange standard for
geographical information. The project team has
studied the standards and proposals of a number of
countries, including Australia [16], the United States
{11,12,13,17,18] and the United Kingdom [8,9], as
well as proposals submitted to the International
Hydrographic Organisation, [1,14,20]. The project
team distributed a questionnaire on GIS to over 130
organisations in South Africa and has also organised



a number of workshops on GIS. This has enabled the
GIS community to provide the project team with
valuable inputs conceming the proposed exchange
standard. A draft exchange standard was released in
March 1987 for public comment [4], and in
September 1987 the final report will be presented to
the National Programme for Remote Sensing, the
project’s sponsors.

2. The Contents of a Geographical
Information System

The following definitions are from [3,4,7].

A simple feature is a set of one or more uniquely
identifiable objects in the real world where the
defined characteristics of the objects are consistent
throughout all the objects.

An attribute is a defined characteristic of any feature
about which information is stored.

Non-spatial attributes are attributes that are
independent of position — often termed the descriptive
data of the feature.

A spatial attribute is an attribute whose value is a
subset of any n-dimensional space. Most current
GIS’s work in two dimensions, and some work in
three dimensions. There is no reason why future
GIS’s might not work in more dimensions. The
three fundamental types of two-dimensional vector
spatial attributes are nodes, chains and regions. The
fundamental raster spatial attribute is the matrix.

A node is a 0-dimensional object with an n-tuple of
coordinates specifying its position in n-dimensional
space. ,

A chain is an ordered sequence of n-tuples of
coordinates with a node at each end. The direction of
the chain is defined when the chain is used in a
specific feature.

An arc is any continuous part of the circumference
of acircle with a node at each end. The arc is defined
by giving the start and end nodes of the arc and either
the centre of the circle or any other point on the
circumference of the arc.

A region is the interior of a continuous and closed
sequence of one or more chains, known as the
region’s outer boundary.

Examples of vector spatial attributes are shown in
Figure 1.

A matrix consists of an n-tuple of coordinates (its
origin) and an m-dimensional tesselation of data
values encoded in a pre-defined format.

Three-dimensional vector spatial attributes are not
yet well understood, and no exchange standard has
attempted to cater for them. [7] refers to solids as the
fundamental three-dimensional vector spatial
attribute. As and when solids are formally defined and
used in geographical information, they can easily be
added to the proposed exchange standard. The
advantage of the relational model for the exchange
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Figure 1

standard is that to add new types of data, all one has
to do is formally define, and add to the standard, the
relationships that should exist between the new data
types and existing data types.

In a geographical data base, features are grouped on
the basis of the nature of their spatial attributés. The
three types of vector features are point, line and area,
and the raster type of a feature is a grid.

A point feature is one whose position is described
by a node.

A line feature is one whose position is described by
a set of chains and/or arcs. These chains and arcs do
not necessarily form a continuous object.

An area feature is one whose position is described
by a set of regions. These regions do not necessarily
form a continuous object.

A grid feature is one whose position is described by
a set of matrices. These matrices do not necessarily
form a continuous object.

Owing to the complex nature of geographical

information, it is desirable to be able to combine a
number of different features to form one feature. The
proposed exchange standard allows compound
features, which are collections of other features.
. Classification is the arrangement of features into
classes or groups and must be done on the basis of
the qualitative characteristics of the objects, such as
their function, and not on the basis of their
quantitative characteristics.

There is a grey area between the classification and
the non-spatial attributes of a feature, and different
criteria apply for different users [S]. In fact,
classification itself could be considered to be a non-
spatial attribute.

For example, a tall office building could be
classified as a building, as an area zoned for
commercial use, or even as an aecronautical
obstruction. Whichever classification is used, the
other characteristics of the feature could be recorded
as non-spatial attributes of the feature.



A feature’s classification should be done on the
basis of its characteristics that are least likely to
change. In our example, it would be better to classify
the feature as a building because if the building were
destroyed then the feature would be as well, while the
building could quite easily be rezoned. Conceptually,
there is no reason why an object or event in the real
world could not be represented by more than one
feature, especially if the classifications of the
different features are not closely connected. However,
this could lead to problems such as redundant data
and is not recommended. For details on how to set
up a classification see [15].

3. Topology

Four types of topology are incidence, containment,
intersection and adjacency.

Incidence means that more than one feature shares
the same spatial attributes. If this topology is not
- explicitly captured with the spatial data, it is difficult
to generate. In older GIS’s, the same spatial data
were often captured more than once. For example,
the common boundary of two neighbouring regions
would be captured twice, once for each region. As
these data would be captured by hand digitisation, the
two versions of the same boundary would not
necessarily be the same. This would result in slivers
in the data base — narrow areas of overlap (the
intersection of two regions in the data base that do
not intersect in the real world) and underlap (the area
between two regions in the data base that in the real
world are adjacent). The solution to the problem of
slivers is to share spatial data so that when data are
captured, the spatial data that are already captured can
be used.

Incidence topology includes point features sharing
the same node, line features and area boundaries
sharing the same chains, area features sharing the
same regions and grid features sharing the same
matrices. An example follows.

A

River Z

Figure 2
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Thus, the chain between nodes A and B is shared by
the line feature River Z and the boundaries of the arca
features Farm X and Farm Y.

Containment means that a spatial attribute lies
entirely within the outer boundary of a region. The
two containment topologies are exclusion and
inclusion. If a region is completely contained within
another region and does not form a part of the
containing region, then the outer boundary of the
contained region is an inner boundary of the
containing region. We say that the containing region
excludes the contained region. A region may exclude
zero or more other regions which are within its
interior. Inclusion means that the contained spatial
attribute forms a part of the containing region.
Inclusion can be determined from the coordinates of
the spatial attributes. However, a user might wish to
encode the relationship explicitly since
transformations between different projections can
alter the apparent relationships. Encoded inclusion
relationships can speed up access to the data. Owing
to the number of these relationships normally
present in the data, it is unlikely that a user will
explicitly encode all the inclusion relationships.

Intersection means that there is one coordinate
common to more than one spatial attribute. In
topologically structured data, one would expect a
node at that point and that all chains passing through
that point would be broken at that point into two
chains, each of which has its start or end node at that
point. To determine the intersections of line features,
one would determine which of their constituent
chains had terminal nodes in common.

Adjacency of regions can be determined through the
chains which form boundaries common to more than
one region.

Thus, topological connections on spatial attributes
exist between a chain and its terminal nodes, a region
and the chains that form its outer and inner
boundaries, and a region and its excluded regions and
included nodes, chains, regions and matrices.

In addition, between the features and the spatial
attributes are the relations that take care of networks
of chains that form a line feature, disjoint regions
that form an area feature and different matrices that
form a grid feature.

In the next example, chains A, B, C, D and E
together form River X.

Topological information is implicit in the real
world and is explicitly captured to reduce data
redundancy, enhance data consistency and
completeness, and speed up access to the data. The
topology of geographical information is not yet well
understood, and while the proposed exchange standard
[4] has attempted to cater for topology that is known
and used, it might be necessary to revise the
topological relationships catered for in the standard as
the use of topology in geographical information
matures.



Figure 3

4. Advantages of a Relational Structure

There are three common models for data structures,
namely the hierarchical, the network and the
relational. Current exchange standards use
hierarchical (for example, the Australian standard
[16]), network or hybrid models (for example, the
British standard [9] uses a combination of network
and relational models) for their data structures. Two
major disadvantages of these models are first, that
users have to enter data into a number of fields that
they do not wish to use, and secondly, that the
structures are rigid and can only be changed with
difficulty to cater for new types of data, such as the
third dimension.

With a relational structure, users merely omit those
relations for which they have no data, and it is
almost trivial to add new relations to an existing
exchange standard. In fact, data that can-be exchanged
through a relational exchange structure can always be
exchanged through the structure, no matter how
many new relations are added to cater for new types
of data.

Normalisation of geographical data in relations
minimises the redundancy and removes anomalies in
updating the data [19]. All the relations in the
proposed exchange standard [4] are in at least the
second normal form. Once the contents have been
finalised, further normalisation will be investigated,
bearing in mind the danger that over normalisation of
geographical information could slow down the
retrieval of the information [19].

The project team drawing up the proposed exchange
standard has studied the hierarchical, network and
relational data models in the context of geographical
information and believes that the relational model is
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the only one that provides the power and flexibility
required.

The following are a few examples of the relations
provided in the exchange standard. The relations are
given in the boxes with rounded corners, and the
attributes of the relations are given in the boxes with
square corners. The keys of the relations are given
above the relations.

Feature ID
f \

(Feature / Classification Relation)

A 4

Classification

Figure 4

This is a one-to-many rclation — each feature may
have only one classification, while there may be any
number of features with the same classification.

Feature ID Sequence Number

/ 3 7 3

(Feature / Non-spatial Attribute Relation )

\ A
Non-spatial Attribute ID #

Non-spatial Attribute Value

Figure 5

Because a feature can have more than one non-
spatial attribute, a sequence number has to be added
to the key to ensure that the key is unique.

Feature ID Sequence Number

I 1

(Line Feature / Spatial Attribute Relation)

‘ '

Chain ID Node ID

Figure 6



A line feature consists of a set of chains. In the

relation, the node ID indicates which of the chain’s -

two terminal nodes is the start node. The
relationships in geographical information are
complex, and it is not possible to define all the
relations so that they might easily be inverted. For
example, the inverse of the previous relation is the
following (note that the node ID is not in the
relation).

Chain ID

Sequence Number

il

( Chain / Line Feature Relation )

Feature ID

Figure 7

5. Conclusion

To be useful, an exchange standard should be a
superset of any system that might use the exchange.
It should also be expandible to cater for any advances
that might take place. Thus, while the standard
should cater for the topology required by GIS’s, a
user should be able to use it in a stripped down form
if he does not require any topology.
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