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withdrawal of support by the Harvard landscape
architects, the Laboratory had grown again,
developing software and applications. One of its
central activities was the development of the vector-
based GIS system, ODYSSEY. A working version
of this system was in operation by 1979 and a ‘hazy
deal’ was struck with ISSCO, a software firm
involved in computer graphics, to market it. The
firm advertised the software but then withdrew,
leaving the Laboratory with heavy debts which left
it unable to recover as a major innovator in this
field.

A happier example, also with roots in the
Laboratory, is represented by the success of the
Environmental Systems Research Institute (ESRI),
founded in 1969 by J. Dangermond, a landscape
architect who had gone to Harvard in 1968 to
complete a master’s degree and had then returned
to his native California. ESRI was not, of course,
the only firm operating in this field. Intergraph
(again involving a product of the Harvard
Laboratory, D. Sinton, and led by James
Meadlock), ComputerVision and Synercom were
other major players even in the 1970s. Most of these
— apart from ESRI — came into GIS from the CAD/
CAM area. But, in the light of published knowledge
and because it is a highly successful enterprise,
ESRImust serve as an exemplar for them all.

ESRI began as a non-profit organization
engaged in the field of environment consultancy,
although a brochure published in 1970 identified
computer graphics as one of the professional
services provided (Dangermond and Smith 1988). It
used and developed the cell-based package GRID
as its main applications package until the launch of
ARC/INFO in 1982, and also developed a three-
dimensional version called GRID TOPO; in the
mid/late 1970s, it developed and sold a vector-based
system, the Planning Information Overlay System
(PIOS). A few years after its launch, it became clear
that ESRI would not succeed in raising the
necessary finance for growth as a non-profit
organization and it consequently became a with-
profit enterprise. The firm initially used the
University of California mainframe computer but,
with falling costs of hardware and increasing
computer use, found it more convenient and cost
effective to acquire its own minicomputer. By the
mid-1970s it was also advertising its competence in
GIS and by the early 1980s was providing a turnkey
GIS. This proved very popular and a large and

growing number of such systems have been
installed. ESRI’s ability to make its ARC/INFO
system function across computer platforms ranging
from personal computers, through workstations and
minicomputers up to the largest mainframes has
clearly been beneficial to the company. .

Initially, most of ESRI’s project work was on
relatively small applications, relating to site or
location analyses, but it became increasingly
involved in environmental questions, reflecting the
growing recognition of environmental problems in
the United States. In 1973, it began work on its first
state-wide system designed for mapping
environmental suitability, the Maryland Automatic
Geographic Information (MAGI) system, which
became a model for other state systems. It had
earlier participated in several applications in town
planning in the United States, Australia, Canada,
France, Japan and Venezuela. Other projects were
undertaken in wastewater management, biological
conservation, land reclamation, floodplain
management, recreational planning and other
topics.

Throughout the 1970s and early 1980s, staff of
ESRI undertook a great deal of the project work
themselves in the absence of appropriate expertise
in commissioning agencies. It is unclear how far this
widening range and increasing number of
applications was due to a growing awareness of
ESRTI’s capabilities and its own efforts to make
these known, and how far it was due to an
increasing need by potential clients to find efficient
ways of handling large quantities of data.
Dangermond and Smith (1988) have suggested that,
in the 1970s and early 1980s, it was a matter of
pressing GIS solutions on unaware and unwilling
potential users, involving constant selling and
subsequent support. Nevertheless, the fact that
ESRI staff were heavily involved in the projects
meant that they identified any flaws in their own
software at an early stage and had a strong project-
oriented approach, a fact that helped to build
confidence in the firm. In contrast to the ‘selling job’
of the 1970s, the 1980s were characterized by an
increasing and accelerating trend towards
acceptance of GIS, with increasing numbers of
requests for information and advice (Dangermond
and Smith 1988). In the circumstances where this
has been the case for over a decade, users can
undertake projects with little outside advice or help
although ESRI seeks, through its ARCNEWS and
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Information Integration and GIS

in optical storage technology, hardware for
combining images from digital and video sources,
digital sound sampling, and hi-fi sound output. Of
greater importance in the present context, is the
convergence of previously separate information
handling technologies (e.g. video and audio, digital
and analogue, and television and computing) (Press
1990), and the development of desktop ‘multi
media’ computer systems that permit users to access
many types of information (e.g. text, graphics,
animation, sound and motion video) from a number
of complementary sources (e.g. videodisk, CD-
ROM, scanner, video camera, audio tape, digital
sound sampler and data logger). Figure 22.5
illustrates a typical PC-based multimedia system.

Stereo sound

+Graphics . ’ ’
*Animation |

*Video [~ ] (-]

Video digitizer

[smer ] [oo-nou] [ YERSE°

Videodisk

Fig. 22.5 The components of a desktop
multimedia workstation.

This section considers how non-conventional
information has been embraced by conventional
database technology, and what implications this
might have for GIS. Some DBMS have addressed
the problem of non-standard data items by
introducing the ‘long record’ or the ‘binary large
object’ (BLOB). BLOBs consist of large volume
data items (e.g. documents, software, faxes, graphs,
images and voice information) that do not fit neatly
into the standard database management system
framework. One system that has embraced this
approach is Informix, a standard RDBMS whose
derivative product, Informix-OnLine, can handle
not only the usual structured information, but also
large-volume items with little or no standard
structure (Shetler 1990). In this system, the two
kinds of BLOB (text and byte) are stored separately
from the regular data, perhaps on separate storage
devices, but they are handled entirely by the
standard database mechanisms. BLOBs can be

selected, updated and inserted using standard SQL
commands, and displayed to the database user on
request. (How information is presented to the user
depends on the output devices and device drivers
available.) However, searching for BLOBs, or
relating BLOBs to one another, on the basis of their
content, would require extensions to standard SQL.

A number of multimedia database systems are
also available in the PC environment. These usually
involve relatively simple extensions to a standard
database or information retrieval program so that
database records can be linked to scanned or drawn
images.

The multimedia database appears to be the
current development route for several GIS. ESRI,
for example, has identified eight related
geographical data technologies which need to be
interlinked in a GIS framework (ESRI 1989) (Fig.
22.6). Two of these, the vector GIS and the DBMS,
are at the core of ARC/INFO operations, and are
commonly found in many other GIS. The other
technologies may be connected to the system by one
or more of the following generic integration
techniques:

1. Image overlay: Superposition of vector data on
araster image (e.g. network lines drawn on a
scanned base map), and/or superposition of a
raster image on a vector display (e.g. a satellite
image draped over a DTM). In either case, no
logical connection is made between the two
data sets.

2. Data conversion: Conversion between vector
and raster data representations, including data
exchange between mapping and CAD systems
with differing data formats.

3. DBMS interfacing: Linking cartographic
feature data with attribute data managed by an
external DBMS.

4. Feature and attribute association: Creation of an
index link between a GIS feature and a
displayable item (e.g. a raster document, a
video image, an environmental sound, an
animation sequence, an engineering drawing).
These items may be stored on a separate
storage medium (e.g. optical disk).

Each of these techniques is now increasingly
used in commercial GIS. The last mentioned has
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