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Abstract. Responsive geographical information systems (GIS) address the needs
of the decision-maker working in a spatially oriented environment where data is
regularly updated, where the data is often voluminous, incomplete, and noisy, and
where timely decisions must be made. Such environments stretch the capabilities
of traditional GIS. A responsive GIS must play a more active role in the support
of the decision-maker. This paper introduces the concept of a responsive GIS and
demonstrates the integration of artificial intelligence techniques to provide such
active support. Expert knowledge, represented as Templates, can have both spatial
and temporal components, and remains within the GIS framework rather than
providing separate, and often disjoint, GIS and Expert System modules

1. Introduction

Geographical Information Systems, traditionally recognised as advanced data
processing systems, are now becoming sophisticated computer-based decision support
tools. The traditional and still important role played by a GIS is one of providing access
to large amounts of spatially indexed data. A graphical display (usually a map) makes
this data accessible to a user—visualization facilitating the user’s understanding of the
data and supporting effective decision-making.

Novel approaches to the development of GIS as spatial decision support systems
enhance their functionality beyond that provided by traditional and/or commercial GIS.

" Whilst still requiring efficient access to large amounts of centrally stored data, many

applications also require access to distributed and complex data (Abel et al. 1992) and
to dynamic (frequency changing) data.

Several interesting developments in GIS have looked at using ideas from Artificial
Intelligence (AI) research, particularly expert systems, to enhance the decision support
role of the GIS (Williams eral. 1986, Smith et al. 1987, Davis er al. 1990, Skidmore
et al. 1991, Leung and Leung 1993, Evans er al. 1993). Such developments have
(to varying degrees) treated the expert system component separate from the GIS
component. Users of such systems often need to be familiar with the different
representations and interfaces associated with each component.

In this paper we present the Tactical Military Intelligence Processing System
(TMIPS)T, an integrated intelligent GIS designed to aid the decision-maker operating

+TMIPS is the result of collaboration between the Australian Defence Science and
Technology Organisation (DSTO) and the Commonwealth Scientific and Industrial Research
Organisation (CSIRO). DSTO has been instrumental in the identification of the problem
(Gori and Calder 1990) and CSIRO has contributed towards the design and implementation of
the system.
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in rapidly changing, spatially oriented environments. We introduce the term responsive
GIS to refer to those GIS designed to operate in such environments, After characterising
responsive GIS applications in § 2, we introduce TMIPS and the domain of military
intelligence processing in § 3. The Al notion of hypothesis selection is then considered,
and the concept of providing an intelligent reasoning assistant whilst remaining within
the GIS framework is adopted (§4). The implementation of the these ideas
within TMIPS demonstrates the effectiveness of this integrated framework (§3).
The resulting system provides a military intelligence officer with access to alarge spatial
database, together with capabilities for handling dynamic data. The user is supported
through the representation and storage of predictions about the current situation and
cached wisdom of domain experts.

2. Responsive GIS

Data used in GIS has generally been static in nature. Land parcel boundaries, for
example, change infrequently and whilst land ownership may change more frequently,
it is usually at intervals of years rather than months, weeks, days. or hours. Similarly,
rivers, vegetation, and even towns and cities are all represented by data items which
change infrequently, if at all.

As GIS technology is applied to new domains concerns with dynamic spatial data
become more important. Example applications are as diverse as the dispatch of
emergency vehicles, search and rescue operations, traffic loads in a road network,
weather monitoring, bush fire monitoring, and tracking fauna. Handling dynamic spatial
data places new demands upon the GIS. Such data may be updated frequently (by the
minute or even by the second) and the GIS must keep its display up-to-date. In many
such applications it is the dynamic data which is of central interest to the decision maker
whilst static data provides the context. A responsive GIS must deal with both static and
dynamic data.

In the dispatch of vehicles (emergency vehicles or delivery vehicles) from one
location to another through a road network, the operations coordinator requires ready
access to street maps, as well as up-to-date data on traffic conditions. Particular patterns
in the traffic conditions guide the operator in their task of dispatching the most
appropriate vehicle along the most appropriate route. Information about road closures,
traffic light outage, and accidents disrupting traffic flow are all important to the
decision-making.

A land-based emergency search and rescue operation requires the GIS to provide
ready access to map-type data (vegetation, infrastructure, topology, etc.) in addition to
providing up-to-date data on the progress of the ongoing operation. Reports from field
observers (such as there is evidence to suggest they camped in the vicinity of the lower
crossing of the Tembus River 2 nights age) must be recorded, displayed, and readily
accessible on a map. This dynamic data is vital to the operations coordinator.

For these types of applications a responsive GIS may be more appropriate than the
traditional GIS designed for generally static data. The types of applications that can
benefit from a responsive GIS can be characterised as requiring:

— much data to be readily available (leading to the cornmon information overload
problems);

— some (often important) data to be regularly updated and modified; and

— decisions to be made rapidly, with changing and often incomplete and noisy
data.
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With dynamic data and rapid decision-making the GIS will need to play an active role
if it is to effectively support the decision-maker. As new data arrives, updates to the
database should be immediately reflected in the display. Such data interpreted in context
is often crucial to the decision-making. As a situation develops, the user will begin to
recognise patterns of behaviour that are similar to common patterns they may already
be familiar with—their previous experience leads them to develop conceptual models
that they can call upon when faced with a new situation. Having identified an appropriate
model the user may make predictions about further events that might occur. These
predictions further guide the decision-making process. A responsive GIS will support
the user’s predictions and will record the models for later reference by the user and for
its own use in reasoning.

3. Military intelligence processing

The task performed by a military intelligence officer is another example where a
responsive GIS can play an important role. This domain has been used to drive our
exploration of responsive GIS. TMIPS is used for the demonstration of spatial reasoning
capabilities directed towards assisting the user’s decision making. We describe in this
section the primary information systems support provided by TMIPS. The following
sections then build upon this basic GIS framework.

Intelligence data is received from observations made by personnel or equipment in
the field. Field observations provide, in varying degrees of detail and accuracy, data
about the location, movement, and composition of units belonging to an opposing force.
Each observation is recorded within TMIPS as a Message (a TMIPS defined data
structure). Messages can be received from multiple observers, which might be
land-based, air-based, or satellite-based. Distinct Messages may describe the same
military units, but from different perspectives. The task of the intelligence officer is to
bring all of this information together to form a comprehensive understanding and
to provide a basis for decision-making.

Much of the intelligence officer’s task lies in interpreting the Messages in the
context of what is known of the structure and behaviour of the opposing forces.
The structural knowledge describes how the opposing forces (typically) organise
themselves into a hierarchy based upon size and described in terms of their types.
For this domain, the size of the units are describe symbolically as Divisions, Regiments,
Battalions, Companies, Platoons, and Squads. The types of the units are described
symbolically as Infantry, Rifle, Medical, etc. The units are then described as Infantry
Battalions, and Rifle Platoons, and so on. The behavioural knowledge describes the
typical relationships between the various units, and the types of courses of action they
generally follow,

TMIPS supports the intelligence officer at a number of levels, each building upon
the ones below it (figure 1). Each level introduces new concepts and tools for the
intelligence officer, allowing complexity to be introduced gradually to the user.

TMIPS provides typical GIS map display functionality, with access to multiple
layers of data (terrain, infrastructure, vegetation, etc.) which may be overlaid upon
satellite images of the region. All data is stored in an object-oriented database. Zoom,
Pan, and Pick operations are supported, where Pick provides the ability to display text
data associated with any displayed object. TMIPS also incorporates distance and
inter-visibility (line-of-sight) calculation functions, and grid overlays. Figure 2 shows
the TMIPS map display, its legend, and the main control panel.
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Figure 1. The TMIPS building blocks—a base framework for a responsive geographical
information system. Levels of increasingly more supportive subsystems are the key to
providing the user with an easy to use yet sophisticated geographical information system.
The Map display is the basic user interface. Messages are parsed into Structured Messages,
and displayed as icons upon the Map. From these the user makes Conclusions about the
true identity of the reported units based upon their experience and knowledge of the
opposing force.

The Message subsystem provides for the entry and storage of reports from field
observers. In an operational system, these are entered either by an intelligence clerk
from handwritten reports (transcriptive data entry) or directly from communications
devices in the field (source data entry). A TMIPS Message includes a time-stamp,
recording the date and time of receipt of the Message, and raw, uninterpreted text.
An example of a Message might be:

A rifle platoon has crossed the inland highway in the vicinity of Merrimac and deployed
in GG83597. 3 X BDCMs with CT2s have been deployed with the platoon. [0830
10 March 1994]

Messages form the starting point of the intelligence officer’s task. A Message is
transformed into a Structured Message, either automatically by parsing the text of the
Message, or manually by an intelligence clerk. A Structured Message is a
rerepresenation of the free form text into a structured form from which reasoning can
more readily be performed.

The key components of a Structured Message are a spatial reference, an activity
being performed, and a description of the units that have been sighted at that location
(in terms of the size and type of the units and the equipment they have with them). Each
Structured Message is linked to the Message(s) from which it was derived (i.e., upon
which it depends). Once a Message has been transformed into a Structured Message
an iconic representation can be displayed on the map. The icon conveys the type, size,
activity, and identity of the object graphically (figure 3). Selecting an icon (using the
Mouse in Pick mode) will display the text data associated with the object.

Although Structured Messages are ‘cleaned up’ versions of raw Messages they
reflect the data contained in the original Message which may be incomplete and/or
inaccurate. Structured Messages may begin to form a pattern expressed through their
spatial relationships as displayed upon the Map. From these fragments of information,
the user can begin to gain some insights into what is actually happening in the field.
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Figure 2. Three TMIPS interfaces. The larger window contains the basic map interface. The
top window is the main control panel from which all of the functionality of TMIPS can
be accessed. The right window displays the map legend which can be scrolled for further
items. The user can tune the map display interactively by turning layers on or off, including
the display of any currently available satellite imagery.
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Figure 5. The Spatial Template Map provides the same functionality as the main TMIPS map
but generally with fewer layers (avoiding unnecessary clutter). In this case we see a typical
Rifle Battalion in Area Defence Template instantiated between Mudgeeraba and
Merrimac. Such a Rifle Battalion typically consists of 17 units, made up of various Rifle
Platoons, Rifle Squads, etc., with a motorised squad bringing up the rear.






