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Abstract
We have employed COTS visualisation systems overlaid onto additional systems that utilise
more sophisticated technologies, to demonstrate improved Situation Awareness.  Concepts to
assist the understanding of the battle-space and aid decision making have been developed and
demonstrated in the context of the Military Appreciation Process. Examples highlighting the
technologies used and the decision support tools developed are given along with a description of
the military exercise (Ex. Hydra-Drive) in which they were used.

1. Introduction

It has been suggested in a C4ISR concept paper [Ayling, 1999] that the current C4ISR capability
of the Australian Army is unable to support the required vision necessary to enable commanders
to act decisively in battle.  The Knowledge Edge [LWD-1, 1998] is a potential solution to this
problem.  It links information to the desired endstate of decisive action by developing superior
C4ISR capabilities that leverage off new technology.  A number of operational goals were
developed within the C4ISR concept to achieve the Knowledge Edge [Ayling, 1999].  Of major
significance, is the requirement to optimise Situation Awareness (SA).  A key step to achieve
this position involves the rapid ability to visualise the battle-space in an accurate and timely
manner.  Commanders need to be provided with the necessary information to achieve a dominant
SA view within their battle-space.  At the tactical level, the commander requires a focussed
visualisation of the battle-space, to enable him to recognise the constraints, operational threats
and opportunities that could influence future operational outcomes.  Modern technology can
provide the capability to develop a number of sophisticated aids to help achieve this.

The army currently employs a process called the Military Appreciation Process (MAP) to enable
commanders to link all available information in order to take decisive action in battle. This
process has limitations; the most significant being that it is labour intensive and is generally all
done by hand, leading to a very time consuming process if conducted thoroughly. Section 2 gives
a brief outline of the current MAP process, whilst Section 3 examines our approach in using the
Knowledge Edge to enhance the MAP process. Section 4 considers our approach in the context
of an actual military exercise.

2. Military Appreciation Process

The ability of a commander to dominate the battle-space is enhanced by dynamic planning
processes that support both reasoned and intuitive judgements.  The MAP provides a framework



to achieve this state [ATIB#74].  Effective decision-making must take account of all aspects of
operational planning.  This includes deliberate planning prior to operations (contingency
planning), responsive and quick planning during operations, and the concurrent planning of
future operations.  The traditional ‘linear’ planning methods do not provide clear methods for the
simultaneous and responsive planning of ongoing and future operations, or crisis decision-
making.  The MAP is designed to address these areas by providing one decision-making process,
which can be adapted to all requirements.  The MAP consists of four consecutive steps with an
integral and continuous part known as the Intelligence Preparation of the Battlefield (IPB).
These steps are outlined below, for the MAP and IPB:

MAP steps
(1) Mission Analysis assists commanders and their staff to identify the mission and tasks that are

essential to the successful outcome of their superior's plan.  An initial IPB is conducted at
this time.

(2) Course of Action (COA) Development involves identifying a range of COA that meets the
commander’s intent.  These COA are focused towards gaining or retaining the initiative, and
emphasise risk assessment.  The number of COA developed depends on the time made
available in the commander's guidance.  Updates from the IPB are received through out this
and subsequent MAP steps.

(3) COA Analysis involves planning each friendly COA beyond engagement, through to its
intended end-state.  This planning process attempts to anticipate what may happen during the
execution of a COA.  The products of COA Analysis are workable and synchronised COA
with clear advantages and disadvantages.

(4) Decision and Execution is the stage where the commander compares the strengths and
weaknesses of each modified COA, and decides which COA will be developed into a plan
and executed.  During execution of the plan, the commander and his staff constantly monitor
its progress and review the situation in recognition that, post engagement, the plan may well
have to be modified as the situation develops.

The IPB is a continuous process, which is integral to the MAP and also consists of four separate
steps: (i) define the battle-space environment; (ii) describe the battle-space effects; (iii) evaluate
the threat and (iv) determine threat COA.  Its purpose is to update the commander and his staff
with the situation as it develops, to identify critical threat vulnerabilities and opportunities to
defeat them, and to anticipate and identify likely and dangerous threat actions.  The IPB assists
the commander and his staff to identify critical battlefield events that will determine threat intent.
The IPB assists in deducing and prioritising the environmental and threat information, which are
required to support decisions.  As a result of this process, information that is lacking in order to
make decisions is identified and the required information is then gathered by way of information
requests.  The commander’s staff and subordinate elements then decide how to best employ
reconnaissance, intelligence, surveillance and target-acquisition assets to gather the critical
information.  The MAP and IPB provide a wealth of opportunities for new technologies to assist
the commander.



3. Our Approach

3.1 Introduction

Our approach to the topic of SA has been to develop concepts of how technology might assist the
understanding of the battle-space and aid decision making by concentrating in the first instance
on the MAP process.  We have attempted to show how improved SA can be achieved with
particular emphasis on an approach that employs a visualisation system overlaying one or more
other systems that utilise more sophisticated technologies.  Areas in which we have employed
technology include:
• Information processing, with an emphasis on graphical presentation
• The ease of assimilation of material and development of appropriate filtering to avoid

potentially excessive information overload, as illustrated by [Lloyd, 1998]
• Data fusion techniques, on data from a variety of sources, in an effort to aid the commander

in recognising the enemy's intent
• In the development of simple aids to assist in the planning of surveillance, logistics and

response units
• Other areas of interest for future work include analyses of the consequences of decisions, and

the methods by which the commander might communicate his intent to subordinates.

The basic technologies that have underpinned our studies have relied significantly on
Commercial-Off-The-Shelf (COTS) products [Macleod, 1998], most significantly in the area of
visualisation where a variety of Geographical Information Systems (GIS) and non-GIS systems
have been examined to produce 2-D and 3-D visualisation capability of the commanders battle-
space.  A test of the applicability of Artificial Intelligence (AI) techniques to the complex
military environment, see [Ryan, 1999], has been initiated using the new paradigm of BDI-
intelligent agents (Beliefs, Desires, Intentions) [Wooldridge and Jennings, 1995].  Similarly, the
use of standard mathematical statistical and probabilistic methods for particular problems of
interest [McMichael, 1999], have been tested.  The stove piping of systems, particularly in the
military context, is well known.  To address this problem, we have also examined the interfacing
issues of integrating these technologies with suitable information management architectures,
based on COTS database products, using the concept of an Information Space [Kirby et al.,
2000].  A strong interaction with industry representatives has underpinned much of the
development that has been carried out and is a reflection of the COTS based approach to
development of superior C4ISR systems.

Resulting from this effort a number of products have been under development and include tools
to enhance the MAP process.  For example, a tool called Collection Plan Management System
(CPMS) allows the development a suitable surveillance collection plan.  The initial design of
CPMS has been reported by [Vozzo and Haub, 1999].  Another tool illustrates the development
of a concept for developing and analysing various COA hypotheses.  An ORBAT (Order of
Battle) browser that allows a commander to visualise the assets available in current ORBAT and
make changes to it in accordance with planning.  These tools briefly introduced here are
described in detail in the following sections.  The concepts under investigation have been utilised
in a preliminary form to support an Army MAP exercise (Ex Hydra-Drive) carried out at Land



Operations Division (LOD) DSTO in December 1999, [Haub et al., 2000] which will be
described in section 4.  As a result of feedback from end-users resulting from Exercise Hydra-
Drive, we plan to introduce an IPB assessment work-flow tool, and a simple war-gaming
capability that allows the commander to gain a suitable appreciation of the situation in an
accurate and timely manner.

3.2 Collection Plan Management System-CPMS

3.2.1 CPMS-introduction

The MAP and IPB processes enable the management, processing and presentation of information
regarding the battlefield with the intention of providing a higher level of SA to the field
commander.  A key step in this process is the allocation of surveillance and reconnaissance
assets to provide timely, relevant information on the opposition’s intentions and movements.
Currently the generation of Information Collection Plans relies on human planners working
without computer assistance.  Having received the Commander’s Critical Information Requests
(CCIR), the staff planners must then decide the options they have to conduct surveillance and
reconnaissance.  They must take into account a large number of factors, including:

• The number and priority of the CCIR.
• The nature of the surveillance/reconnaissance necessary to satisfy a CCIR.
• The surveillance assets at the disposal of the planners, including their capabilities, mobility,

current commitments, scarcity and vulnerability.
• The ongoing availability of assets to conduct surveillance.
• The developing tactical situation during the planning process.

The outcome of such a planning process is a number of optional plans, which can be evaluated in
collaboration with the commander who then choses the appropriate plan.  As the plan is
implemented and the assets deployed, the evolving awareness of changes in the situation will
result in the plan being modified, often several times.  As these changes occur, the planners have
the difficult task of rapidly re-deploying assets as efficiently as the circumstances permit.

A tool to support this planning process, the CPMS, is being developed in Land Operations
Division, under the Land Situation Awareness-C4ISR task, as a tool to improve situation
awareness through better management of surveillance and reconnaissance assets.

3.2.2 CPMS-design

From a system-of-systems approach, the CPMS tool comprises the following sub-systems.

• A Planning Module based on JACK agents [Busetta et al., 1999]. Agents represent a type of
software that enables the incorporation of some degree of autonomy and social ability whilst
also combining pro-active and reactive behaviour [Wooldridge and Jennings, 1995].

• A Visualisation Module containing a Geographic Information System (GIS) and a variety of
custom Graphical User Interfaces (GUI), and an ORBAT Browser.  The GIS provides the
main method of visualisation as well as the necessary terrain analysis.  The custom GUI



interfacing with the GIS map overlays provides additional intuitive user interfaces for
planning and information dissemination.

• The "Info-Space" or Information-Management-Engine (IME) containing shared information
for SA, and including, for CPMS, terrain data and data pertinent to the information
requirements (CCIR) and the surveillance assets to be tasked, such as their capabilities,
availabilities, etc.  For more detail on the Info-Space see [Seymour et al., 1999, Unewisse et
al., 1999, Seymour and Grisogono, 2000, Ashton et al., 2000, Kirby et al., 2000]

The Planning Module takes a list of CCIR, the ORBAT containing the Command and Control
structure and available assets for tasking, as input, and presents a set of alternative collection
plans as output to the commander.  Each alternative plan is a suggestion of how the available
surveillance and reconnaissance assets may be used to service the input on the basis of a given
range of evaluation criteria.  The design of the Planning Module recognises that there is rarely a
single, optimal collection plan to be formed, and also that any pre-programmed evaluation will
always be incomplete with respect to an actual situation.

The collection plans presented are formed in the context of the current C2 structure including the
current surveillance assets and their status.  This background information is part of the awareness
picture, and can be used for investigating what-if scenarios.  The background information further
includes a current surveillance plan as input, and considers the cost of re-tasking already tasked
assets in forming alternative plans.

The CPMS planning module is implemented as a multi-agent sub-system, which directly reflects
the current C2 structure.  There is one agent for each ‘node’ in the C2 structure, and each agent
plans for the assets that the unit it represents possesses or controls.  This planning is then
combined with the plans suggested by the agents planning for subordinate units.  This design
approach was chosen as a means to minimise or avoid the conceptual gap between a software
implementation and the end-user's understanding of the planning process.

Due to the inherent algorithmic complexity of the problem, the planning agents operate with lists
of asset options for fulfilling the CCIR, dealing with each CCIR independently.  The alternative
assets within a list are compared with respect to several evaluation criteria, including task
duration, quality of outcome, and a qualitative cost measure.  The list is then ordered with
preferred assets at the head of the list.  The top-level agent receives the full set of asset lists, and
processes this set in order to produce the alternative collection plans.  In this process, the agent
applies all inter-dependency constraints between the assets.  These can be both common-sense
constraints (eg. that an indivisible asset cannot be at more than one place at a time) or doctrinal
constraints (eg. limiting the dispersion of units).  Plans are then generated that include the best
asset for each CCIR under the given asset comparison criteria, consistent with the given inter-
dependency constraints.

A commander interacts with CPMS through a variety of map-based GUI.  The map is used by
the commander for indicating the geographic locations of CCIR, and to present collection plans
by showing connections between assets in their current locations and CCIR.  Other GUI relate to
the specific processes of capturing the required input data and then presenting various means of
analysing the relevant steps that occurred in developing the desired collection plan.



3.2.3 CPMS-future development

Future development focuses on improving the planning capability of the CPMS module by using
the reasoning capability of the agents to improve the modelling of asset mobility. This will give
asset-tasking agents the ability to reason about SA, and includes the modelling of asset
availability and group tasking.  Particular improvements to CPMS being considered include: (i) a
better method of calculating asset mobility; (ii) introduction of sensor ‘situation awareness’
capability; utilising advanced features of the GIS system (iii) multi-tasking of assets; (iv) more
realistic cost and quality objectives; (v) asset availability; (vi) asset grouping.

3.3 Situation and Threat Assessment for COA Analysis

3.3.1 Design Philosophy

Military commanders need to be aware of the current situation in the region for which they are
responsible. Situation assessment is the analysis of the behaviours of all observed entities of
interest, along with consideration of the disposition of blue force surveillance, reconnaissance
and response assets.  From the situation assessment an analysis of which behaviours represent
the highest threats can be made.  This is called Threat Assessment.

A ‘situation’ as described in this paper is the summary description of a multi-element, multi-
stage set of behaviours over time, derived from a set of tracks of the various entities operating in
the region of interest.  These entities typically include friend, enemy and neutral forces, as well
as civilians.  A library of threat behaviour templates is developed to model the behaviours of
entities of interest.  These templates are developed from the analysis of likely enemy COA,
composition of force, means and location of insertion and means of transport.  The set of
templates is unlikely to include every possible hostile behaviour.  Where an observation does not
match any existing template, it must be separately tracked, establishing a new template.  By this
means, unexpected behaviours are allowed for.

Tracking is the process of associating measurements to the behavioural templates.
Measurements are sparse, asynchronous and originate from a number of sensing methods,
resulting in a tracking problem for which the usual formulation of a predictive geographic gate
direct from the Kalman filter is unsuitable [Johnson and Kewley, 1996].  Instead, a simple
tracking scheme is used, based on the use of gating to ensure that each association is feasible.
Each measurement is associated to the closest point on each of the links to which it is close
(typically the closest three), using the inverse of the distance to each link as a measure of the
probability of the association, normalised by the sum of all such probabilities considered.  The
tracker must be capable of maintaining a set of track hypotheses for very sparse measurements of
a given entity, so that any feasible association of a measurement to a track is performed, subject
to the probability of the association being large enough.

The measurements are derived from data supplied by surveillance assets indicating the detection
of entities.  Full entity information consists of kinematic attributes such as location, speed,
heading, route and its characteristics, and non-kinematic discrete information regarding the
identification or classification of entity, as well as uncertainty information associated with each
variable.



A situation element is a tracked entity whose behaviour is of interest.  The association of all
situation elements is called situation assessment.  A statistical estimation method has been
applied to the problem of associating tracks to situation elements [McMichael, 1999], leading to
an effective demonstration of situation assessment for a simple scenario.

Situation assessment is a continuous process; tracks may begin or end at any time and position.
New entities appear within the surveillance volume over time; each is tracked until such time as
the probability of its association to a threat-behaviour template decreases below a threshold,
when it is deleted from further consideration of threat.  Such is the case for behaviours such as
routine civilian activities, including freight movements on highways, farmers and graziers on
minor roads, tourists visiting national parks.

Maximising the likelihood of a situation given a set of measurements over time involves the
calculation of a quantity called the overlap function between the likelihood of the track histories
with respect to the measurements, and the likelihood of the track histories with respect to the
situation elements.  In effect, the correlation of these two quantities is calculated.  A dynamic
programming algorithm is used to calculate the set of situation elements for which the overlap is
largest at each time.

A simple scenario has been constructed to demonstrate the potential of the method; this used a
simple network on which only friendly and hostile entities are tracked.  Tracks are associated
with a set of behaviours in which the approach of an entity labelled as ‘foe’ towards a vital asset
is interpreted as hostile.  Work is in progress to demonstrate the method on a realistic example,
using real terrain with simulated measurements from a variety of sensors, associating tracked
entities to a set of anticipated hostile behaviours.

3.4 ORBAT Browser

As was discussed in section 3.2, CPMS requires information about the blue force ORBAT in
order to perform its function.  The relevant information is stored in the InfoSpace or IME, which
is instantiated as a relational database [Kirby et al., 2000], where it is available for retrieval by
CPMS and other tools. Circumstances will invariably change during an operation, and a
commander will often need to adapt the ORBAT to meet new requirements.   For CPMS to be
useful in an operational environment, the ORBAT must be dynamic – the ORBAT cannot be
statically pre-positioned at the start of an operation.  Therefore a mechanism is required for
updating the ORBAT database frequently.

While the database can be manipulated directly using Structured Query Language (SQL), this is
a low-level task requiring a high degree of skill. We have followed the “Automation Principle”,
which says, “If any of the tasks that are undertaken by the user in communicating to a computer
are mechanical, tedious, error prone or prevalent, then they should be automated within the
computer and interfaced as if primitive thereafter”; [Lambert, 1995] based on [MacLennan,
1983].  In keeping with this principle, a GUI (known as the ORBAT Browser) was developed to
facilitate manipulation of the ORBAT.  Familiar GUI components such as trees, text boxes and
combo boxes are used to make the ORBAT Browser intuitive.  The ultimate aim is for a person
inexperienced with the software, such as an Army officer, to be able to use the Browser with
only minimal training.



For ease of use the ORBAT Browser is split into two main parts.  Firstly, a Details panel, which
gives the details of the state of the current unit/asset, and secondly a Hierarchy panel, which
controls the display of the complete hierarchy of the units. Future improvements will include a
drag and drop capability for customising the Hierarchy panel and direct hot linking between the
GIS visualisation module and the two-browser panels.

4.  Exercise Hydra-Drive

4.1 Introduction

One of the problems for the developers trying to build decision support aids is to understand the
problem domain sufficiently.  In our case this is a particularly complex and onerous task, since
we are trying to build tools to assist the army commanders who formulating plans using the
Military-Appreciation-Process or MAP, which was outlined in section 2.  On the other hand the
problem for expert users is to understand enough about the possibilities that technology offers, to
know what to ask for.  Two solutions to these problems can be adapted from the well-known area
of Knowledge-Acquisition (KA) techniques from the Expert-Systems (ES) domain.  They are the
Joint-Application-Development (JAD) workshop, and the Synergy-Session (SS) [Wilson, 1998].
The JAD workshop is used to involve users and developers in defining the system, while the SS
is a knowledge acquisition technique to extract domain knowledge from multiple experts on a
focus topic.  Whilst we are not necessarily building an ES, KA will be an essential element in our
long-term success or failure in building decision support aids.

We decided that the best way of conducting a KA process was to hold a planning exercise in
which experts would conduct the MAP.  However, rather than do the planning as they normally
would, they would use electronic planning support tools, which will be further described below.
The experts were four Army commanders (Majors), from the Army-Promotion-Training-Centre
(APTC), who had additional advice from an Army aviator Captain from 1AVN.  The personnel
from APTC are normally employed in the teaching of the MAP to Army Officers.  At the end of
each stage a formal After-Action-Review (AAR) questionnaire was completed together with an
SS.  At the end of the exercise an informal JAD was held to focus future development efforts.

Our objectives then in this exercise were, as scientists, to (i) gain a better understanding of the
problem domain, and (ii) to gain feedback on our existing tools and systems concepts.  For the
commanders the objectives were (i) to familiarise themselves with emerging electronic planning
support tools (ii) to provide them with example MAP products achieved with electronic planning
tools, and (iii) to enable them to provide a focus on the key development areas.  This exercise
also assisted them in structuring their teaching courses back at APTC to account for the likely
addition of new planning tools in new command support systems. The exercise also allowed
them to gain an appreciation first hand of the potential advantages that a superior capability
could provide.  In developing these tools a strong emphasis has been placed on the use of COTS
products.  This exercise therefore, represents the baseline of what can be achieved by using
current COTS GIS technology, as applied to the MAP.  In the future we can focus on integrating
advanced tools into the system; a process we have already begun with CPMS.



The scenario used was a standard military teaching example of the operational planning for a
mechanised Brigade advance back toward a large city, which occurs subsequent to a withdrawal
following an unsuccessful defence of the city.  The Exercise consisted of the operational
planning for the first three steps of the MAP together with the initial IPB and subsequent
updates.

4.2 Equipment, Tools and Systems Used

The MAP, outlined above, is a very visual process, conducted by groups of people, and consists
in practice of the detailed study and interpretation of geographic maps and the generation of
many graphic decision overlays.  Our first problem to overcome was to design a system that
included a GIS, but without the flaw of losing the human collaboration required for the task.
This flaw can be easily introduced by having individual group members sitting at their own
networked GIS work-stations [Swann, 1998].  Hence, the essential electronic systems designed
for use in Exercise Hydra-Drive were firstly, a standard GIS system and secondly, a large
interactive rear projection display to allow groups to work together.  The rear projection was a
crucial system design feature as it allowed groups to congregate in front of the screen as they
pleased.  Tests prior to the exercise with forward projection systems showed that people between
the projector and the screen caused unacceptable shadows.  The electronic tools used focused on
MapInfoTM, a core desktop mapping package and integrated GIS environment.  Other GIS tools,
Vertical MapperTM, were also integrated into this environment to perform contour modelling and
grid analysis, and Map LinkerTM to link information and processes to the map. Exa-Min, the GIS
vendor, also developed additional custom GUI for the surveillance asset-planning tool CPMS.  A
number of standard Microsoft Office-suite products were also used, including standard word-
processing and several custom designed spreadsheets that were used to document War-gaming,
Synchronisation, Decision, Weather and Target-Value Matrices.

The GIS system could be used on a number of networked Personnel Computers (PC), operating
with Microsoft NT.  One PC was linked to the large format interactive rear-projection display,
known as the SMART Board.  The GIS package could be driven from the touch sensitive screen
through out the experiment, where touching the screen essentially corresponded to mouse clicks
that a user would make when operating from a normal PC.  Screen shots of the situation could be
saved to allow the users to conduct subsequent reviews, replays or briefings.  For the GIS
package and CPMS, expert-assistants were provided to assist the APTC personnel with computer
issues.  However, as the exercise progressed, the expert-assistants were needed less and less, and
by the end of the week they were almost obsolete, as the APTC personnel gained a considerable
degree of expertise in working the electronic tools.

4.3 Pre-Exercise

The pre-exercise preparation began with an intense GIS data collection phase.  As much open
source data as possible was collected.  This included soil, roads and watercourses GIS vector
data.  Data sources not available openly were the Digital-Terrain-Elevation-Data (DTED), and
some vegetation data, which were sourced from the Military, and the Queensland Department of
the Environment and Heritage respectively.  The DTED level-2 had a grid resolution of 100
metres.  Additionally, Army paper maps were scanned into the PC, as images and registered in



geographic position.  Considerable effort was required to translate various sources of data into a
common format.  Acceptance of an open standard such as OPEN-GIS would have helped
considerably.  The pre-exercise data preparation phase actually consumed more time than the
exercise itself.

4.4 The Exercise and Products

This section does not focus on the actual methodology followed in performing the MAP, but
rather on the advantages that the electronic tools gave.  Here it is illustrated with the steps that
occurred in developing the Modified-Combined-Obstacle-Overlay (MCOO).  COA Development
and COA Analysis were also carried out, but they will not be considered in detail.

4.4.1 Rivers
The major river obstacles that would need to be crossed and also the areas of interest and the area
of operations were identified.  The river data was inserted into the systems as vector data, then
the major/obstacle rivers were then selected and saved to a new layer to produce a modified river
overlay.  The Military personnel added the Area of Operations (AO) and Area of Interest (AI) at
the time of the exercise.  The AO is where most of the operations during the exercise would be
conducted.

4.4.2 Vegetation
The Vegetation data was overlayed on top of the main maps. This vegetation data was sourced
from Department of Environment and Heritage (Queensland Herbarium), and displayed in
MapInfo as vector-data.  The vegetation data was converted from its botanical classification
scheme and was placed in one of three classes to indicate its effect upon mobility; (i) clear going,
(ii) restricted going and (iii) very-restricted going.  The restricted and very-restricted regions
were indicated on the GIS layer by different cross hatchings for the different slope ranges and
displayed in green

4.4.3 Slope
The Slope data was overlayed on top of the main maps.  This slope overlay was created from
DTED data using Vertical Mapper.  The elevation slope data was placed in one of three classes,
again according to its effect on mobility as outlined above.  The restricted and very-restricted
regions were displayed similarly to the slope data above, except it was displayed in brown.  The
whole region was able to classified automatically based on the slope ranges, in a very short
period of time and with a degree of accuracy and detail beyond that which would normally be
achieved with the manual analysis of a paper map.  However, the final conversion from the grid
data to a vector form, which allowed its inclusion in a standard GIS vector layer, took about half
an hour of automatic computer processing time.

4.4.4 Movement Corridors and Key Terrain
The moment corridors and key points in the terrain were inserted and colour coded using the GIS
drawing functions.  The key terrain shown, are places of observation and also of ambush.  With
this layer the commander can easily see where the choke points in the terrain and where
respective units of varying sizes can pass in normal battle formation



4.4.5 Avenues of Approach
The avenues of approach were also inserted and colour coded using the GIS drawing functions.
These avenues closely follow the terrain and also the vegetation.  It was created during the initial
IPB phase of the analysis, and normally the officer would draw this freehand onto a transparent
overlay.  These lines were added by the officer using the standard MapInfo tool and were then
saved to a layer.  This method allows the officer to follow more closely the terrain, than could
otherwise be done from a standard paper map.

4.4.6 MCOO
The final product is the MCOO, which is a combination of the various overlays derived above.
Added flexibility is provided with the capability of easily turning on or off one or more overlays
to help identify or highlight a particular feature or process.

4.5 Exercise Hydra-Drive Summary

APTC personnel particularly noted that a strength of the experimental systems was the ability for
the products developed during the MAP exercise to be electronically shared, anywhere.  Not only
could the information be developed and transmitted in a timely manner but also a high degree of
accuracy could be maintained throughout.  The SMART Board was the centre of attention during
the IPB, COA-Development and most importantly throughout the crucial phase of COA-
Analysis (war-gaming).  This allowed considerable human collaboration and effectively
overcame the problem of isolated GIS users as indicated in [Swann, 1998].

During IPB and COA-Development, the flexibility of the systems allowed a number of COA to
be developed and overlaid on a variety of screens to enable the commander to develop his SA.
The use of standard military icons and the ability to quickly input, edit or update general graphic
line-work significantly assisted this.

During COA analysis or war-gaming, the planning team was able to quickly deliver an unlimited
combination of overlays to confirm predicted events without cluttering the battle-map.  The icons
used to represent forces could be accurately moved over the map, and the deep, close and rear
battles fought simply by focussing in on a particular area.  The system enabled snapshots to be
taken of the battle as it proceeded, providing an accurate record of the progression of the game.
That record also provided a basis for contingency plan development at a latter stage.  Normal
points of contest during the war-game, such as inter-visibility going and distances were able to
be quickly and accurately checked, resulting in a quicker conflict resolution than is currently able
to be achieved.

The result of the informal JAD workshop conducted at the conclusion of the exercise indicated
that the third step of the MAP, COA Analysis or war-gaming, was the highest priority
development area.  The commanders informed us that it is through the dynamic and interactive
seminar war-game with their peer personnel acting as an intelligent adversary, that their
awareness is heightened and the implications of their plans are crystallised.  The plans are
subsequently modified in accordance with the results of the war-game.



As a result of the Exercise, they suggested a war-gaming system based on the one used in the
exercise, with the adjudication matrix linked to the icons displayed on the SMART board, and
the results of the encounter, which of course may be modified at the commander’s discretion,
updated to the War-game and Synchronisation matrices.  They also foresaw potential for
additional integration of the Synchronisation matrix and the CPMS tool.

The commanders also required the ability to save various snapshots of the game, so that they
could seamlessly return the whole system to a desired point in the game.  They also wanted to
animate the results for the purpose of briefing a higher commander, and to illustrate the flow of
the battle.  This fast animation display would be required to animate the scene at a rate much
greater than real time, so that the battle could be displayed quickly.  Based on the demonstration
of a previous air-environment fast animation display called ‘The Worm’, [Johnson and Dall,
1999], they required the adjustable animation rate to be high enough to allow a four hour battle
to be replayed in as little as thirty seconds.  It would also require video-player like controls to
‘picture-search’ in either direction through the game to some required point, as well a ‘shuttle-
search’ mode to slowly advance more or less a frame at a time, and a ‘pause’ mode to allow the
commanders to query certain details.

Exposure to such modern technological solutions for their normal work practices allowed the
military players to identify additional areas for further investigation.  It is significant that the
proposed enhancements will require a high degree of interoperability between tools or potential
tools and also visualisation.  The requirements for interoperability and visualisation are concepts
that underpin much of the visualisation and decision support tool work within LOD.  A
significant outcome of the exercise was the observation that not all processes should be
automated. The human cognitive process contributes considerably to the attainment of the
desired level of SA and is facilitated by the human participating in a "hands on" manner.

5. Summary

The development of new Land-C4ISR systems will provide commanders with a capability to
generate intelligence and SA to a degree that potentially enables them to achieve decision
superiority and ultimately take decisive action.  Whether this will be realised in practice will
depend on a number of factors including their ability to readily embrace the multitude of new
and potentially complex systems that technology may provide.

To enhance this acceptance, our own efforts have concentrated on replacing conventional paper
maps with an electronic battle-map as the main visualisation means.  The electronic visualisation
system provides a transparent interface between the military commander and a set of powerful
decision support tools, giving the commander maximum effectiveness with minimum
complexity.  We have examined the application of these concepts to the MAP, in order to assess
the potential benefits of such technology to C4ISR systems, and received guidance from domain
experts on requirements and focus areas for future work.
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