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Abstract

This paper is a survey of research in Spatial
Information Management. Research is reviewed
from a variety of application areas, including Geo-
graphic systems, Computer Aided Design and
Manufacturing, Image Processing, graphical inter-
faces to Data Base Management Systems, and gen-
eral techniques for the representation of spatial
information. Significant issues are outlined, and
areas suggested for further research.
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1) Introduction

The use of pictures as an information medium
predates the use of text, yet the application of
computers in managing visual information has been
delayed by conceptual and technological problems.
Computers were originally developed for nurmerical
applications, but were quickly adapted to more gen-
eral, symbolic textual applications. More recently,
they have been adapted to the storage and process-
ing of pictorial information. Similarly, integrated
Data Base Management Systems (DBMS's) were origi-
nally developed for alphanumeric use, but are now
being adapted for use with pictorial data.

Spatial Information can be defined as informa-
tion which is inherently visual, or which represents
positional and topological relationships among
objects situated in space. Spatial Information
Management is the application of techniques in data
representation, storage and management for the
purpose of handling spatial information. It includes
input techniques, manipulation, analysis, and visual
display of such information. Research in this area
uses techniques developed in Data Base Manage-
ment, Computer Graphics, and Image Processing,
while providing solutions to problems in CAD/CAM,
Cartography, Urban Planning, etc. While not all
such information is stored as pictures, per se,
nonetheless pictures dominate most applications.

2) Survey of Research by Application Area
2.1) Geographic and Cartographic Systems

Work in Geographic and Cartographic systems
has been quite extensive, with much of it coming
from Government and University labs. The research
reported typically seeks to utilize existing special-
ized data sources, and much of it is directed

towards production of map products, with less

emphasis on the use of a computer system as a
visual problem solving tool. Typical of groups active
in this area are the US Bureau of the Census,
[USBu70], the US Defence Mapping Agency [Vite80],
[BergB0], Statistics Canada, Energy Mines and
Resources Canada (Surveys and Mapping Branch)
[Harr72], the National Land Survey of Sweden, Har-
vard University Laboratory for Spatial Analysis and
Computer Graphics [Harv79], and Carleton Univer-
sity Cartographic Research Unit [Tayl74], [Tayl80].
For surveys of this aspect of Spatial Information
Management, see [Nagy79] and [Dutt78].

There are several commercial products relat-
ing to this area, ranging from software plotting
packages to complete map storage and production
systems. Other areas of research include digital
production of conventional map products, custom-
ized map production, especially thematic maps
(display of somte variable over a surface, via colour,
shading, prism height, etc.), and the study of basic
algorithms for graphical input, analysis, manipula-
tion, and presentation. It is worth noting that
much of the research has been applied in the pro-
cessing of specific data files, rather than in the use
of more general tools, such as provided by a DBMS.
Thus existing data sources cannot easily be applied
to new problems by extending them with other
forms of information.

2.2) CAD/CAM

Computer aided design and manufacturing has
a somewhat separate history, although some of its
problems and solutions have parallels in the other
areas. For an excellent bibliography on Geometric
Design in CAD, see [Bars81j. The imagery used in
CAD is usually synthetic (little use is made of
scanner input), and the anelyses called for arc
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specific to the product area being addressed. As a
result, CAD/CAM systems have often evolved in
industrial settings, and may be inaccessible or inap-
propriate for use in solving problems in other appli-
cation areas.

High level modelling languages have been dev-
ised, with which a designer can build complex 3-
dimensional physical systems [East?77]. While such
a system might concentrate on the shape and
appearance of equipment or buildings under design,
a companion system can hold ancillary information,
such as building specifications [East80]. Again,
much of the work in the CAD/CAM field relies on
data structures which are designed for the specific
application at hand, rather than by a view of the
data as a general shared resource. A common view
of DBMS’'s is that they are unsuitable for storing
and manipulating spatial information [Lees79,
ChieB0]. This view is well taken, not because spatial
entities do not have properties which can be listed,
but because those attributes may be difficult to

store using the data types a DBMS provides.
Polygon outlines, for example, require variable
length lists of floating point values, and many

DBMS's do not support variable length fields. More-
over, appropriate spatial operators must be pro-
vided. Where a business application might ask for
employees earning $10,000 < salary < $20,000, a
spatial application might ask for employees whose
home address is inside a given polygonal area. This,
and other spatial operators should be added if a
DBMS is to be used for spatial queries. More
recently, attention is being given to the develop-
ment of DBMS’s specifically aimed at CAD/CAM.
Ulfsby et al [Ulfs81] describe a CODASYL-type net-
work DBMS; however, it is not clear from that
report in what ways such a DBMS differs from one
intended for more conventional applications.

2.3) Data Base Techniques in Image Processing

Two volumes from the Springer-Verlag series
Lecture Notes in Computer Science [Chan80, Blas80]
provide ar excellent introduction to the topic of
Information Management in Image Processing. While
most of the work reported is directed towards the
maintenance of libraries of scanned images, some
insights are offered on methods for representing
image contents found by segmentation,
classification, etc. Material discussing techniques
for representing and processing visual information
in computer vision systems can be found in
[Tani80]. A brief survey of methods in processing
Earth Resources Imagery can be found in [Teic78],
while more thorough coverage of the same topic is
offered in [Moik80].
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Various authors suggest ways in whica a DBMS
might be used to reference collections of images
[ChieBO, Zobr80]. At the low end, image files can
have headers prepended to them, containing name,
geographic position, and other attributes (i.e. no
real use of a DBMS). A more powerful scheme
would use a DBMS to store references to the pic-
ture files, including relationships among different
pictures and subpictures. At the high end of this
spectrum, a DBMS might be used to store a sym-
bolic representation of image contents, giving the
subdivision of each image into composite parts
(areas of constant texture, edge boundaries, etc).
At this extreme, the DBMS would actually contain
the image data, not just references to it.

2.4) Graphical Interfaces to DBMS’s

The use of interactive graphics as a com-
ponent of the user interface to a DBMS is a recur-
ring theme. For example, [Lapc77] describes a sys-
tem, built as a user interface to the OMEGA DBMS.
With this interface, the user combines predefined
elements in a diagrammatic representation of the

desired query. The diagram is translated into a
written query language (LSL), so that it can be
parsed, and carried out. A similar effort is

described by McDonald and Stonebraker [McDo74],
[McDo75]; in a system called CUPID the user draws
query diagrams on a graphics display, which inter-
faces through the QUEL query language to the
INGRES DBMS. The authors cite several advantages
of such an interface, including a reduction in typo-
graphic errors, simplified parsing, expressive power
equivalent to the underlying query language, and
user-friendliness. In both of these systems, only
the interface is graphical -- the information stored
in the data base would normally be alphanumeric.

A system described by Herot et al [Hero80a],
[HeroB80b] also employs a graphical interface to the
INGRES DBMS, but the data contained in the data
base is visual. Diagrams, text, and photographs are
arranged in a large visual space, around which the
user may browse. One may ask for more informa-
tion about a visual entity by zooming in on it. The
visual display then takes on a more detailed
appearance, as more information is provided about
that entity. A casual user may probe the data base
for information, without having to learn a formal
query language. A similar browsing capability is
provided in the Movie-Maps system implemented by
MIT's Machine Architecture Group [Lipp80]. In their
prototype use of the system, their data consisted of
real-world views of a small town. Stored on random
access videodisc and available at an interactive
graphics display, these views permit a would-be visi-
tor to take a simulated drive through the town,
controlling route, speed, and direction of view. In
addition to the real-world views, scenes from a syn-
thetic model of the town are available, as well as
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other information about historical buildings and
locations. The system provides a very rich explora-
tion of an unfamiliar place.

Recent work by McDonald [MeDo80] also sug-
gests the use of videodisc as a tool for a browsing
interface to a DBMS. In this system, the sample
data is a hospital stores catalogue. The system she
describes permits the user to browse through
recorded images of the storeroom, catalogues, etc.,
and to select an item therein for more information.
Traditional query language tools would also be avail-
able; the visual interface is intended to facilitate
casual perusal, and to capitalize on
conscious/unconscious visual associations, such as
the knowledge that a desired item is stored near a
particular door.

Another system which uses videodisc to facili-
tate the study of spatial information is described in
[BoltB1]. The user is presented with a large-format
video display containing upwards of 20 active win-
dows, each potentially an ongoing movie, in sound
and colour. The use of an eye-tracking device per-
mits the system to determine where the user's
attention is focused, and thus direct the flow of
information accordingly. While some of the windows
would be live sources from television stations, oth-
ers might be recorded messages, etc. Thus some
of the windows will continue silently if not viewed
directly, while others may stop, and await the
viewer's gaze before continuing. This research is
unusual in that it views information as a stream,
and seeks to provide the user with flow controls; in
most conventional DBMS's the user’s tools permit
the definition of discrete batches of information.

For the most part, these browsing systems
treat images as atomic entities, having various rela-
tionships to other single frames, but no internal
structure. By contrast, systems described in the
previous section on Image Processing often seek to
describe the contents of images, providing succes-
sively detailed information about attributes and
relationships. The level of representation sup-
ported by a spatial information system is a funda-
mental characteristic of its generality, and of the
kinds of applications for which it is appropriate.

2.5) Techniques for Representing Spatial Informa-
tion

Developing or selecting appropriate data
representations is of central importance in dealing
with any form of information. The earliest com-
puter graphics systems were based on the vector-
drawing model of the oscilloscope. Data structures
evolved, called display files, which offered the right
blend of function and performance for the tasks
involved in refreshed vector graphics. They proved
inappropriate, however, for many other application
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tasks that are required when dealing with drawings.

Many specialized data structures have been
developed. each with its own strengths and
weaknesses.

A spatial information system should provide
data independence to application programs. In
Computer Graphics, device independent program-
ming packages and intermediate display files (some-
times called metafiles) provide some freedom from
the details of device and data formats [Ende78],
[Hors76], [Warn79a], [Warn79b]. Similarly, stand-
ardized formats have been proposed for the encod-
ing and exchange of geographic information
[Good79], [USBu70]. But while these formats pro-
vide a convenient means for exchanging or display-
ing images, they may still not be the preferred
representation for analysis.

More recently, graphics systems have evolved,
not from the oscilloscope, but from the television.
Rather than controlling the electron beam in an
arbitrary path across the face of the CRT, these
systems use the beam in a regular scanning motion,
from left to right, and top to bottom of the screen.
This raster technique is central in the television-like
scanner technology used by the Image Processing
community. It is not surprising, then, that that
community shows a strong preference for scanned
raster representations of spatial information; such
representations permit numerous powerful transfor-
mations, often with the aid of parallel computation
architectures. Computer Vision research [TaniB0] is
concerned with extracting from such scanned
images information about objects seen in the
images, and their attributes and relationships. This
derived information may be stored in vector form
(boundaries), or as relational tables or semantic
nets (topological relationships, meaning, etc). Some
authors suggest, however, that a pure raster system
can be used as the basis for handling all forms of
spatial information [Peuq76, 77]. This attitude is

supported by raster systems which extend the
notion of a pixel to include fields other than
scanner components. This  hybrid technique

[Zobr8o], [Blai81], is able to treat vector and other
information as an attribute associated with each
pixel; each pixel contained within some boundary,
for instance, contains a field to refer to that boun-
dary attribute.

Others have suggested that graphical informa-
tion be stored in a conventional DBMS, thus avoid-
ing some of the problems of data representation
and data independence. This notion can be applied
to whatever extent is appropriate, from using the
DBMS to store references to picture files [Hero80al,
to storing an active vector refresh display file in
the DBMS [Moor76], [Pale79], [Well80]. While the
latter extreme offers some useful insights into the
DBMS services that can be offered (o grapbics
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applications (the pick operator, for instance), it
may be difficult to support the performance con-
straints of a comfortable interactive user interface.
One possibility is to archive the image in a DBMS,
but take a workspace copy (in an appropriately
efficient form) for use during an interactive graph-
ics session. By using hybrid representations, or
different representations for different stages, the
system designer can capitalize on their individual
strengths while avoiding their weaknesses.

3) Major Issues and Suggestions for Further
Research

The major issues to be faced in developing
improved systems for managing spatial information
can be summarized under several topics: selection
of appropriate representation(s), identification of
the functionality that should be included, design of
powerful user interfaces, and achievement of suit-
able performance. Although we expect to see new
ideas evolve in specific application areas, we con-
sider a primary current issue to be the integration
of existing tools and techniques. A single system
that encompasses the best capabilities of the vari-
ous systems surveyed above would be very powerful
indeed.

Depending on the applications for which it is
to be used, a comprehensive spatial information
system will have to provide storage and access
mechanisms to data that is visual (vector and ras-
ter), alphanumeric, and semantic (expressing the
meaning and significance of the various data to the
task at hand). The goals in designing this aspect of
a spatial information system are largely in comrmon
with the goals of strictly alphanumeric DBMS's --
the data should be independent of the programs
that access it, the data should be sharable, it
should be possible to add new data and new rela-
tionships, data redundancy should be controlled,
etc. It seems prudent to employ a DBMS to satisfy
this compgnent of our task. Two problems arise.
First, the primitive data types available in existing
DBMS's may not be sufficient to construct simple,
appropriate representations. There is therefore a
need to re-examine popular spatial data structures,
in order to catalogue their relative merits, and to
determine means of representing them within a
DBMS, and means of converting from one to
another, where necessary. Secondly, the operations
provided by existing DBMS's should be extended to
include spatial operators such as intersections and
unions of geometric entities (points, lines, polygons,
etc.), radial distance measurements, etc. This set
of operators needs to be compiled in a consistent
framework.

Although the detailed functionality of any
specific spatial system will depend on its context,
some general insights are possible. Such systems
can be expected to coffer more than mere archiving
of data, to be retrieved in the same chunks in
which it was submitted. Such systems should offer
casual browsing, and the formulation of new queries
in solving unanticipated problems. The need to
develop general spatial systems is expressed in
[ChanB1], where existing systems are surveyed, and
future directions proposed. Ignoring for the
moment any specific application, we can view a spa-
tial information system as a collection of functional
modules, providing visual and textual access to a
shared information pool, such that textual queries,
sketching, data base to data base conversion, image
processing, and other applications can be carried
out. The underlying layer in such a model is a
DBMS capable of supporting the data types and
operators mentioned in the previous paragraph.
The extent to which such operations should be in
the DBMS, or in application modules, is a question
that deserves more attention.

The fields of Graphic Design and User Interface
Design are both concerned with aspects of the same
problem -- interaction between a person and infor-
mation. It has been suggested [Marc81] that much
of computer-generated graphics lacks the rudiments
of good graphical style. An information system
offering visual output should assist in the choice of
symbolism, colour, and composition; it should
encourage the designer to create simple, yet
effective visual communication. Where these
choices have traditionally been manual decisions
made on the basis of aesthetics and consistency,
guidelines nced to be identified and codified for
inclusion in spatial information systems. The use of
generalization and labelling in map design are
examples of how hard these choices can be.
Although some work has been reported in this area
[Craw78], [Phil79], [Muel?8], further study of these
issues is required. Similarly, careful study of the
user interface for controlling such systems is
important. It would appear that most of the user
interfaces to existing computer graphics systems
have evolved in an ad-hoc manner. Controlled stu-
dies of design alternatives are possible [Mora81], if
somewhat expensive. Given that generalized spatial
information systems will present the user with con-
siderable complexity, it seems that careful design
and analysis of the human interface is essential to
making such systems usable. Of particular concern
is the need for input and editing tools that make
appropriate use of the individual capabilities of man
and machine. Known algorithms can perform much
of the work of processing, analysing, and abstract-
ing visual material; with a person on hand to guide
it, the software can better be directed, so as to
ignore areas of little interest, back out of dead
ends, etc.
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The question of performance refuses to be
ignored. While the goal of a fully general spatial
information system is enticing, it remains to be
seen whether such a system could perform at a
reasonable level on specific applications. The gen-
erality and advantages of a powerful DBMS cannot
be had without some payment in performance.
Consider, for example, the sheer volume of data
that is involved. One Landsat Satellite produces
about 4 gigabytes of data per day, just in its cover-
age of North America. Digitized top maps (1:50,000
scale) from Energy Mines and Resources Canada
(EMR) occupy about a megabyte per map sheet, and
it takes 13,000 map sheets to cover Canada.
Storage and access overheads must be controlled,
and interactive use may dictate the need for highly
parallel hardware architectures. Supporting these
classes of spatial information will place heavy
demands on a DBMS,

Hopefully, this brief survey offers some insight
into those areas which contribute to the fairly new
field of Spatial Information Management. There is
considerable recent literature that suggests a move-
ment towards the integration of techniques from
Computer Graphics, Image Processing and Data
Base Management, in solving spatial problems. The
process of collecting and combining those tech-
niques will be a central issue over the next few
years.
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