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Abstract

In military operations, armed forces have to get a better idea of the area in which they
have to operate including terrain features, threats, and avenues of approach. So they
gather intelligence on the location, enemy, weather, vegetation, infrastructure, and many
such factors before making decisions. This process is called ’Intelligence Preparation
of the Battlefield’ (IPB) where analyzing the situation and making decisions based on
predictions is the main target. Usually, this process happens manually by officers using
hard copy maps and it has several inconveniences described in detail in this report.

In our research we developed a tool for generating terrain features on a given map,
saving those maps in a database, adding more features as overlays, and adding properties
for them. Also, we implemented a set of algorithms and approaches for automating a set
of IPB processes and we compared the approaches to each other as well as compared
results with outputs from subject matter experts and current systems. In this report, we
present our methodology, design, approaches, algorithms, comparisons, and results in

automating the intelligence preparation of the battlefield.
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Chapter 1

Introduction

1.1 Background

IPB is a process that starts in advance of operations and continues during operations
planning and execution. It provides guidelines for the gathering, analysis, and organization
of intelligence. The purpose of this intelligence is to inform a commander's decision
process during the preparation for, and execution of a mission. Therefore IPB is a
Command and sta tool which allows systematic and continuous analysis of the enemy
and the battle eld environment. It presents the results of the process in a graphical
format. It is an integrated method of analysing Enemy, Ground and Friendly Forces
factors in the Estimate. Basically there are four steps in IPB process. They are,

1. De ne the battle eld environment
2. Describe the battle eld's e ects
3. Evaluate the threat

4. Determine threat COAs

The resulting product of IPB is identi cation of various areas of the battle eld that a ect
Courses of Action (COAs). The four distinctive courses of action are,

1. engagement areas

N

. battle positions

w

in ltration lanes

4. avenue of approach
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Any force that has the control of the key terrain has the military advantage. Key
terrain areas cannot be de ned by geographical features alone. The evaluation of terrain
features must be fused with information about weather, enemy asset types, friendly and
enemy range of re, enemy doctrine and type of operation.

1.2 The problem

The problem with current process is that IPB is done manually by intelligence o cers
using hard copy maps on which they annotate various signi cant areas, such as key
terrain or defensible terrain. This manual process su ers from a number of ine ciencies
as described below.

1. No variable zooming in and out to obtain desired level of detail
2. Annotating the maps is time consuming.
3. Notations on maps get cluttered with the risk of being misread.

4. Information could be disregarded or not used e ectively in the process of the IPB

1.3 The proposed solution

To address these problems the best solution is an automated system which can present
geographical, climate and infrastructure data on top of a base map, analyze data, present
graphical representations and make users interact with the map using a exible user
interface.

A detailed database with low level terrain information like buildings, vegetation,
elevation slopes and topology and computational algorithms to transform these low level
terrain information to higher level information such as maneuverability of a force, threats
for maneuverability from enemies are some components that should be included in the
automated system.

Since the IPB process is an iterative process that done throughout an operation, the
computational algorithms must be e cient and should work with real time data. A user
friendly user interface must be there to add information they have and get and see stored
information on the map.

So decision support tools that automate part of the process are highly needed. In this
paper, we present a set of algorithms, tools and approaches for automating Intelligence
Preparation of the Battle eld process for each step in the IPB process.



Chapter 2

Related work

2.1 IPB in other countries

Many countries have developed an automated IPB systems for their armies. As an
example, army of the Czech Republic has an automated IPB system as a part of
knowledge development in their conditionsl]. New Zealand has automated IPB system
for contemporary operating environment.

Researchers ing] and [3] have used the Compact Terrain Database (CTDB) format
used by the OneSAF Testbed Baseline simulation software as the terrain representation
and used grid of elevation values as well as an associated soil type for each grid cell to
continue the development of automation algorithm for IPB process.

Researchers in4] have shown that a GIS can be used to produce representations for
qualitative spatial reasoning and the geometric processing facilities of the GIS provide the
capabilities in a metric diagram. They have founded that qualitative spatial reasoning
can evaluate tra cablity of terrain.

2.2 Use of Geographical Information System (GIS)

Research $] has also proposed a GIS model to conduct the IPB process using ArcGIS
software.

According to the [6], it describes the usage of GIS for geo-reconnaissance in army.
And also GIS can give speci c information about buildings, devices and objects on the
battle eld using their geo location and eld data. And also, it provides proper security
mechanisms by using planning strategies, more further management strategies. And
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getting information from the intelligence services for attacking and planning routes of
movement is done basically with the information gained by GIS.

2.3 Terrain Analysis

Terrain analysis is a requisite part of an IPB process in a military operation. From
this analysis, it is able to build extensive databases for each and every potential area of
operations. This is the foundation for the intelligence, tactical operations and decision
making. Terrain features can continuously change according to the earth's surface and
therefore terrain databases must also be continuously updated and revised. Authors in
[7] clearly say that terrain analysis is a must in decision making process. And according
to this, manual terrain analysis procedures use basic doctrine as a primary source of
current available information for planning,conducting and supervising the terrain analysis
procedure.

Authors in [8] have explored how to fuse intelligence data with terrain data and
use for IPB. According to B] any force that has the control of the key terrain has the
military advantage. Key terrain examples include road intersections, a bridge over a
river or terrain. Key terrain areas cannot be de ned by geographical features alone. The
evaluation of terrain features must be fused with information about weather, enemy
asset types, friendly and enemy range of re, enemy doctrine and type of operation. It
describe how the IPB process happen in battle eld using examples.

[9] discuss about the in uence of slope in terrain on walking activity. They have
analysed terrain features like slope on the human maneuver.

2.4 IPB Algorithms

Authors in [3] have created a combined obstacle overlay using terain data and have
used generalized voronoi diagrams to generate a avenues of approaches and analyzed
the circuit diagram using electrical circuit model to explain mobility in paths. But the
example battle eld they have used is very small and hence the voronoi circuit is simple.
[4] discuss how to generate tra cability using qualitative analysis of terrain. So
here in the our research we used qualitative as well as quantitative analysis to get the
tra cability.
Authors in [10] has developed algorithms to nd shortest route to attack and retreat
as well as to nd the range of in uence of the enemy and friendly units. In our research
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we developed the range of in uence algorithm more combining the terrain features as
well.

In [11], they use ant colony optimization (ANTS) to determine possible avenues of
approach for the enemy, given a situation picture. ANTS is about nding good paths
through graphs. Arti cial Ants stand for multi-agent methods inspired by the behavior
of real ants.

Also a nal year research group from Faculty of Engineering, University of Peradeniya
has done research about using GIS to get and draw intelligence data on terrain maps
and use A* algorithm to nd a shortest path between two locations excluding drawn
obstacles.
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Design and Implementation

3.1 Work Breakdown

The research was basically spllited in to two major sections such that each section contain
three milestones. The two sections was,

1. Visual Support for Automating the Intelligence Preparation for Battle eld (IPB)
Process

2. Implement Automation of Intelligence Preparation for Battle eld
So the six milestones for the project was as follows,

1. Web-based platform to display overlays on a map.

2. Infrastructure to e ciently store data for overlays.

3. Integrating the data storing mechanism with graphical user interface.

4. A grid based combined obstacle overlay by collecting the vector overlays to a grid.
5. Generating the potential mobility corridors in the terrain.

6. Risk evaluation of corridors to select safest avenues of approach.

3.2 Implementation

3.2.1 Web-based platform to display overlays on a map.

As the IPB need a visual tool that allows military sta to add battle eld data in to the
system and also visualize them as overlays, we needed to rstly develop a web based
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platform to add overlays and visualize them. So we rstly researched about a framework
that we can use to do the map based functions. Simply from front-end side the application
should work like a GIS software. Following technologies were chosen by us to be used fro
the web platform.

Leaetjs Leaetis the leading open-source JavaScript library for mobile-friendly
interactive maps.

Open street Maps  OpenStreetMap is a free editable map of the whole world
that is being built by volunteers largely from scratch and released with an open-content
license.

3.2.2 Infrastructure to e ciently store data for overlays.

We needed to nd a data storing mechanism and also a data format to store the overlay
data. As the data in overlay are spatial data with attributes, We researched about the
available methods to store such data.

So the available options to store those data were using a vector format or a raster
format. So as our web application was JavaScript based, we choose GeoJSON which is a
format for encoding a variety of geographic data structures.

To store and provide the required overlay information relevant to battle elds, there
should be a back-end application. As our future algorithms and models are based on
python, we used Python Flask as the web framework for our back-end and the we decided
to use REST architecture to build the back-end web service.

Following were the attributes we de ned for our overlays

1. Building

(a) No of occupants
(b) Status

(c) Material

(d) Building Type

(e) No of stories
2. Vegetation

(a) Vegetation Type (grassland, shrubland, woodland, medium density forest,
high denisty forest, unknown)

3. Water
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(a) Water body type (water, river, reservoir, dock, wetland, unknown)

(b) Mark known points of shallow or deep
4. Roads

(a) Road type (tertiary, track, unclassi ed, secondary, trunk, primary, motorway
link, trunk link, primary link, road, secondary link, tertiary link, motorway)

5. Elevation

(a) Elevation value

3.2.3 Integrating the data storing mechanism with graphical
user interface.

Finally we had to integrate the back-end we developed using the data storing mechanism
and data retrieving mechanisms with the front-end developed with map overlays

So in our rst section of the project, we implemented the web application tool to
perform following major tasks.

Create and save multiple battle elds(maps).

Automatically generate the buildings, water, roads, elevation, vegetation overlays
when a new battle eld is created.

View a battle eld on user interface graphically with a map (Satellite or Topograph-
ical)

View the overlays generated for the battle eld graphically on the map separately.

Add new buildings, water bodies, vegetation areas, roads on the battle eld using a
drawing tool

Add values for the de ned attributes of the newly drawn shape.

Edit values of attributes of automatically generated geographical features.
Remove geographical features of overlays.

Save changes to be able to access later.

All the information are stored in the back-end.
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