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11 May 2007

MEMORANDUM FOR: Dr. Dave Lashlee, Topographic Engineering Center 

LTC Robert Kewley, USMA Department of Systems Engineering

SUBJECT: Terrain Data Analysis and Visualization Capstone Project, AY-07

The purpose of this memorandum is to provide a basic summary of the contents of the following report.

A command and control system requires a variety of data sets with information on terrain, incidents and events, capabilities, and enemy forces. At the onset of this project, no method of evaluation existed for determining criteria and cost necessary to provide the most efficient and effective set of data available to the users at each level while maintaining a common operational picture.  Our capstone team was tasked with determining how much information and data are critical to successful mission planning given the challenge of providing up to date information when time is a limiting constraint.  

Our sister-team (Tactical Command and Control Data Requirements) conducted a tactical experiment in which Army leaders used a tactical planning platform fed by the varying levels of data our team provided for mission planning.  Using Maneuver Control System (MCS), an Army officer and non-commissioned officer with command and leadership experience planned a convoy operation and a raid on their objective, a small urban area at the US Army’s Joint Readiness Training Center, Fort Polk, Louisiana (JRTC).  Metrics were developed to evaluate the relative importance of each layer in order to provide feedback to our team to aid our evaluation of the cost requirements to develop certain levels of detail deemed important for mission planning as well as realistic and operationally possible.

We hope that the following analysis in our report will provide TEC with insight into the cost of terrain data generation, particularly for application in the Army’s Future Combat System (FCS) experimentation and testing.

Most Respectfully,

Cadets Aaron Fairman, Grace Garcia, Daniel Pate, and Collin Smith

1
INTRODUCTION

With the creation of tactical planning and simulation platforms we have entered an age were we can test questions such as: which terrain data type should be utilized in the testing, designing, and implementation in both current and future tactical planning platforms?  Ultimately the purpose of our project is to require an understanding of command and control in relation to the detailed data sets that contain characteristics such as terrain, incidents and events, capabilities, and enemy forces which provide useful information to the user and allow the user to extract the extent of his or her capabilities.  Essentially, the mission we tested was the following:  What is the lowest level of data to plan a mission successfully?  We assessed this question by testing three levels of terrain detail.  Additionally, to gain a full understanding of our project we operated two groups.  One group was in charge of answering the question of what is the adequate amount of data needed to plan a successful mission.  The other group was in charge of developing three different levels of terrain detail so the first group could analyze and test their question. 


We have conducted an experiment were we used three different levels of detail to plan a mission.  We concluded that the lowest level of detail was insufficient for effective mission planning and execution, and the second level of detail provided an adequate amount of information that allowed the user to successfully conduct a mission.  We felt that the optimal personnel for conducting the planning and execution phases of the exercise through ArcMap software are officers that have experience in executing convoy and raid operations in theatre. The exercise was conducted by having an officer and a non-commissioned officer (NCO) independently conduct the planning of an operation at each of the three levels of detail.

Additionally, with the increase of literature regarding command and control we have learned several lessons that we analyzed in our capstone.  For one, only relevant information should be brought up to the level of the commander.  This information should be on time, accurate, and without bias or error because this is the basis from which the commander makes decisions [1].  Furthermore, the possibility of horizontal coordination is indicative of the importance of delivering terrain data to these units not necessarily from the top but either on all levels or from a central server.  Terrain data must be immediately available at any level of detail to any type of unit, and the complexity in deploying it is an issue the team faced.  Ultimately, understanding increased battle space awareness that Network Centric Warfare systems can offer to soldiers are critical to advances in command and control [2].  Our capstone experiment was able to capitalize on our understanding of these concepts and results will be explained further in this paper.

2
STAKEHOLDER ANAYLYSIS

The purpose of the stakeholder analysis step is to identify the people and organizations relevant to the problem and to determine objectives in relation to the problem.
We used interviews to obtain our stakeholder analysis.  We felt that an interview would facilitate the most in-depth questioning, and allow us to better tap into the expert knowledge of the interviewees.  Furthermore, because the problem statement was so vague at this step of the problem definition phase, an interview allowed us to ask follow-on questions and guide the interview into new directions that would have been otherwise constricted by a survey.  Group meetings were not optimal because of the difficulty of coordinating such meetings with officers and non-commissioned officers. 

We defined the primary key stakeholders as the end users of the system.  These include the officers and soldiers involved in the terrain analysis and command and control of mission planning and execution.  Secondary stakeholders were the US Army Topographic Engineering Center (TEC) and Future Combat Systems (FCS).  The study we conducted for TEC is focused on understanding the critical data sets for the command and control portion of terrain analysis.  However, the end user remains the soldiers and officers.  Finally, FCS is a secondary stakeholder because these recommendations will eventually be rolled into the system’s architecture.  

 
The outputs of the stakeholder analysis were arranged into three primary categories: findings, conclusions, and recommendations.  Findings include the actual information and knowledge that we extracted from the stakeholders that is relevant to our problem.  Conclusions consist of the relevant logical ends that were inferred from the findings.  Finally, recommendations should be inferred from the following steps of the project and are drawn from the conclusions.  

SA FINDINGS: All interviewees agreed that detailed three-dimensional imagery greatly assists commanders in mission planning.  Updated data, real time friendly and enemy situation tracking used in Force XXI Battle Command Brigade and Below (FBCB2), a real time battle command system, was greatly desired.  Furthermore, timely access to terrain data was needed down to the company level in order to afford commanders valuable time for planning and mission preparation without forcing them to wait for information to be sent down from higher levels.  Additionally, a common operational picture was desired where commanders could see and plan in conjunction with other commanders rather than working individually and potentially encroaching on each others’ plans.  Lastly, the need for automatic updates for situational data was emphasized so that missions could be planned off of the newest intelligence possible.


These findings allowed us to create a functional analysis and weighted value hierarchy to assign the relative importance of each of these value measures.  The survey data allowed us to assign weights and relative importance to each measure that was a function of terrain data.
3
FUNCTIONAL ANALYSIS

The way we developed our functional hierarchy was through the use of an affinity diagram.  Our group members came together to generate and propose ideas about the most important and all encompassing functions for this problem.  Our group took into consideration our stakeholders’ needs and then defined our over-arching problem, the subject that would define our system.  
C2 Team: For our problem, the system was “Command and Control Terrain Analysis System to Plan and Execute Missions.”  From there we developed four key functions that would branch off from our system’s scope:  “Analyze Terrain”, “Provide Current Situation Analysis”, “Performing Joint Integration” and “Provide Terrain Imagery.”  These four functions provided the basis on which we will assess our model.  Furthermore, our four functions had a number of sub-functions that branched off the function and demonstrated specific qualities of the particular function.  


With our most up to date functional hierarchy, our group had a solid grasp on the functions our system is being designed to perform. We used our functional hierarchy to assess our solution designs and develop future models and simulations.  
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Figure 1A - Functional Hierarchy (C2 Team)
Terrain Analysis Team: The main problem for our team was to improve the way terrain data was being generated to the prospective units.  Our team decomposed the main function into sub functions and objectives in order to simplify the problem.  We start with obtaining the source data, which is anything from high resolution LIDAR to National Geospatial Intelligence Agency (NGA) off-the-shelf data.  From here, we identify the target area, which is Camp Shugart-Gordon in Fort Polk, LA, and identify important features of the area such as rivers, roads, buildings, elevation, and vegetation.  We created these features using the program ArcGIS, a terrain database software, using polygons and lines.  Once we created the dataset, we were able to display it visually through the 3D portion of the software and then we analyzed the cost of the databases.  The analysis will be in terms of time and storage cost to create the databases.

These functions will be essential in helping us create the dataset and trying to determine what terrain to put into the different databases (see Figure 2B).

[image: image2.emf]Improve 

Terrain Data 

Generation

Obtain Source 

Data

Display Data

Visually Numerically

LIDAR Fly 

Over of West 

Point

NGA Data

Create Dataset

Raster Vector

Identify Target 

Areas

Identify 

Area

Identify 

Components 

of Analysis

Camp 

Shugart-

Gordon, Fort 

Polk, LA 

River

Buildings

Roads

Elevation

Vegetation

Add 

Polygon 

Data

Add Line 

Data

Create 

Database

Increase 

Layers of 

Detail

Showing 

Dataset 

3D

Database 

Administration

Analyze Cost

Input Cost and 

Detail into 

Data Matrix

Analyze Cost 

and Detail of 

Imgery

Analyze C2 

Results and 

Cost of 

Dataset


Figure 2B - Functional Hierarchy (Terrain Analysis Team)

4
VALUE HIERARCHY

In order to analyze the cost of creating the different terrain databases, we need to analyze what values were important to the stakeholders.  Values such as dynamic, secure, accessible, user-friendly, and maintenance were some of the values that are team found useful to terrain data generation.  However, we focused the project mainly on cost, which was very significant.

In our problem, we used cost in terms of storage capability, image resolution, and time to produce the database.  We did not factor in any monetary means because that was outside our area of study.  For each of the individual cost, we had global weights in order to minimize the time, maximize the data resolution, and minimize the cost of storing the data.  In order to minimize the time, we need to decrease the number of analysts hours needed to create the dataset, where the least amount of hours is better.  For data resolution, we wanted to decrease the image snapshot size in order to get more detailed and high-resolution data.  In addition, we wanted to minimize the cost of storing data by decreasing the amount of megabytes it takes to store the data.  These values will help when creating and analyzing the cost data matrix of the different layers of detail.
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Figure 2 – Value Hierarchy
5
WEIGHTED MEASURES

In order for the terrain analysis tool to be effective, the system needs to perform three essential functions: analyze terrain, provide current situational analysis, provide joint integration, and provide terrain imagery. From these functions each was ranked order and weighted 

	Analyze Terrain 
	0.2

	Provide Current Situational Analysis
	0.2

	Provide Terrain Imagery
	0.6


Figure 3 - Weighted Functions

Weighting was based on which functions we determined were most essential from the stakeholder analysis. The following will be a description of each function by examining their sub-functions which were also provided in the description of each sub-function method of evaluation.  


Analyze Terrain: To effectively analyze terrain we have determined the system needs to include analysis of light/weather, elevation/line of sight, soil conditions and trafficability, and feature data. Each will be evaluated by the following methods:

	Function
	MOE

	Analyze light & weather effects
	Accuracy of data

	Show elevation and line of sight information
	Ease of use

	Analyze soil conditions & trafficability
	Accuracy of analysis

	Show feature data
	Model vs. Actual


Figure 3 - Measures of Effectiveness


Provide Current Situational Analysis: The sub-functions associated with this function are as follows: mission analysis, area traffic, friendly situation, and enemy situation. The stakeholders surveyed in this capstone have all agreed these are essential to mission planning. The order of importance is represented by their weights above (Figure 1). Our stakeholder analysis shows that if the commanders have information pertaining to the mentioned functions they can plan missions with increased assurance and accuracy. 

	Function
	MOE

	Provide mission analysis
	Quality of analysis

	Provide up to date traffic information
	Accuracy and frequency of updates

	Provide friendly situation
	Accuracy and frequency of updates

	Provide enemy situation
	Accuracy and frequency of updates


Figure 4 - Measure of Effectiveness (Cont.)


Provide Terrain Imagery: Weighted as our most important function, the sub-functions include four different type of terrain imagery which will be provided to commanders: Topographic, Satellite Imagery, 3D Imagery, and Grid. To evaluate each type of imagery we used resolution from satellite and 3D, and accuracy for topography and grid imagery. Terrain imagery was determined most essential by stakeholders because analysis could be derived from imagery if all else is not available. With accurate imagery, commanders can analyze routes, terrain, and avenues of approach. Although the system can provide all these functions, all stakeholders concluded they would not replace a leader’s reconnaissance with a system that provides data and analysis. The purpose of the system, therefore, is to supplement a leader’s reconnaissance and provide greater detail of the current situation and possible solutions to a mission.


From the experiment, we have discovered that the ability to provide high resolution detailed satellite imagery proved most useful in the mission planning portion of the experiment.  However, we have also determined that the ability to provide current situational analysis would prove even more important and critical in the execution portion of the experiment.  Thus, it is important to keep in mind that these values may fluctuate depending on what phase of the operation the tool is being used for. 

6
PROBLEM

The problem that our group currently faces deals with terrain databases and the lack of detailed terrain information around the world. When U.S military units go over seas to conduct military operations in remote areas of the world, often they start the mission with limited information on the area. Even if we did have detailed terrain databases for every inch of the earth, things change. Construction coupled with collateral damage associated with war can make databases useless within minutes. There root of the problem centers around the level of detail and updateability.

To solve the problem we decided to determine the effectiveness of three different terrain databases at varying levels of detail. The levels of detail were based on what assets the military controlled at that time. The lowest level of detail, used data that can be found around the world.  In this level of detail, friendly forces did not control the air and ground situations.  All data was obtained from off the shelf data from the National Geospatial-Intelligence Agency (NGA) or other commercial sources.  From Figure 6 we can only see a 4 meter image of the area, which is the only detail given for this level.  The point of this level is to come into a mission with the least amount of time and data as possible.  The medium level of detail was based on the idea that the military or its allies had air superiority and can therefore collect more data than the low level. This is seen in Figure 6 with the addition of the Quickbird 1 meter image, the DTED2 (Digital Terrain Elevation Data) which is 30 meter elevation of the ground, and the 1:50,000 scale map of the area.  This additional information such as roads, water, and forested areas are useful to conduct further terrain analysis of the area.  Additional features such as these require very skilled people which take a considerable amount of time when creating the database becoming a huge limiting factor of the system.  People working on the database features work off of imagery available to them to create roads, water features, buildings of interest, forested areas and everything that makes the database an important asset to the commanders.  Depending on the complexity of the area of interest, the workers may take longer to trace and label these images. 

The third level of detail, and the most detailed, dealt with areas where the military had air and ground superiority.  Therefore, the enemy cannot shoot down planes collecting Light Imaging Detection and Ranging data (LIDAR) and other data.  LIDAR is a system used to collect data from a distance by measuring the properties of scattered light.  It is typically used to measure energy, biomass, wind, elevation and other features.  This data is the highest amount of data that one can receive for a mission.  Figure 6 shows the layers of terrain data constructed on each level of detail used for our experiment.  In addition, it includes everything that the low and medium levels have and adds the LIDAR data.  The LIDAR data gives a higher and more detailed resolution of the area, but can only be obtained when the military can control the air and ground.  The key features pinpoint exact areas in the map where the there is significant culture.  In addition, it attributes some of the forested, residential, and water areas with more detail so the areas are not just huge polygons.  Instead, they are broken up so the audience can define the different types of terrain easily.

To determine the effectiveness of each database, we conducted a tactical planning experiment at each level of detail.  The mission incorporated both static and dynamic elements into our final mission.  The mission involves a platoon moving in a convoy to a raid site (dynamic), and dismounting and conducting a raid on select buildings (static).  We were trying to find the aspects of the database that were the most useful and then determine what it took to put those aspects into the database. For example we are trying to find the time, equipment, and cost (man-hours and monetary) it would take to outline the roads of a certain city.  The ultimate goal was to find the aspects of the database that were the most essential for each mission.

[image: image4]
Figure 6 – Terrain Data Processes and Support Operations: 

The above figure shows the process of collecting terrain data and converting it into a 

format that can be used in tactical situations. [3]

7
ASSUMPTIONS

In order to make a working database there are a few things that we will have to consider.  Each level of resolution is dependent on how much time notice we have and how much control we have in the area or interest.  For the lowest level of resolution, we are assuming that we have less than a week’s notice before the database is released to the commanders for planning purposes.  With this amount of time, the only imagery available is off the shelf imagery, or commercial imagery.  This database is not very detailed, yet good enough to have a general idea of the area of operations.


With the second level of resolution, we are assuming we have a couple of weeks in the area of operations.  There should be more air assets with slightly higher imagery quality than commercial/off the shelf imagery, which will allow us to create a more detailed database.  Assuming that the imagery is better we should have elevation, more precise base images, and traceable water features/roads/buildings.  


The database with the greatest level of resolution will provide highly detailed images that include key buildings of interest, vertical obstructions, cultural features, distinction between residential, commercial, and institutional urban areas, vegetation, and ground photo annexes among other features to assist commanders in making sound decisions for their missions.  This database assumes that we have been in the area for a few months such that ground as well as air superiority has been achieved.
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Figure 7 – Features Table (Low to High)
8
ALTERNATIVES 

Working with individuals within USMA’s Department of Geography and Environmental Engineering (G&EnE) as well as an individual attached to the G&EnE Department from the US Army’s Topographic Engineering Center (TEC) at Fort Belvoir, Virginia, we were able to increase our ability to work with different software to model our problem.  Although work was smooth and our knowledge base increased, we needed to establish some assumptions and other key information that would help TEC, our client, put our work into perspective.  Mr. Joe Harrison of TEC gave us insight that helped guide our work: With elevation and image data in hand, it would take a competent design team of four members about four weeks to complete a 15 x 15 kilometer area.


Our main assumption is that the above mentioned team, working 8-hour days Monday to Friday with minimal breaks for personal business, could produce a product of medium density including major terrain features and buildings of interest in about four weeks.  Other logistical or resource constraints and assumptions are still being worked out to attain a more accurate estimate of working time based on different levels of density of the product.

9
TACTICAL EXPERIMENT
  

Given that there is no current procedure or method of determining the most useful and obtainable data for a scenario, we have attempted to develop a framework for analyzing the effectiveness and usefulness of various levels of detail in terrain data both in the planning and execution phase of military operations. 


In order to determine the effectiveness and usefulness of different levels of terrain data, our group has developed an experiment. We used four experienced Army officers and non-commissioned officers and exposed them to a complex convoy/raid scenario at three different levels of terrain detail—low, medium, and high resolution. 

The Maneuver Control System (MCS) was  used to test the various data sets to determine its effectiveness and efficiency. The primary reason MCS was chosen over other graphic planning tools is because it supports both commercial and National Geospatial-Intelligence Agency (NGA) data. Commercial data is data that can be obtained in public while NGA data can only be obtained through the National Geospatial-Intelligence Agency, a federal agency of the United States Government whose primary function is collection, analysis, and distribution of Geospatial Intelligence (GEOINT) in support of national security. 

The MCS system is a tactical planning tool for use at the brigade. It is supported by graphics decision support tools, which includes: 

· Digital maps

· Aerial or satellite photos

· Dynamic 3D "flyover" view of the battle space

· Mobility analysis of the terrain

· Map overlays with intelligence 

· Battle resources by unit. 

Commanders can use MCS to quickly and clearly analyze different courses of action and make decisions based on thorough analysis of up-to-date situational assessment, various maneuver schemes, doctrine, and changes encountered during the course of action. Once detailed plan is determined, the MCS can then be used to prepare and send warning orders, operations orders, and related annexes. During the mission, the system provides automatic updates of friendly/enemy unit movement locations and battlefield geometry. 


Using MCS combat simulation software, the officers and non-commissioned officers (NCOs) were required to plan for a raid mission that required a convoy movement plan up to the raid site. Using the terrain data provided, these officers and NCOs were required to develop a movement plan and a plan for how they will execute the raid mission. 


Their ability to develop their plan will be directly impacted by the amount of data available to them. At the lowest resolution, they were unable to differentiate the buildings at the raid site. However, at the highest resolution, they were able to distinguish individual trees. The kind of data available to them is not limited to satellite imagery. They also had access maps, various overlays to include vegetation and elevation, in addition to others given by the terrain database team.
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Figure 8 – MCS Graphical User Interface

10
EXPERIMENT RESULTS & ANALYSIS

The experimentation led to a number of important conclusions that can be extremely useful to decisions made regarding the features of terrain data most useful to mission planning and execution in FCS.  First, we recognized that inadequate aerial photography and maps can be detrimental to mission planning.  At the lowest level of detail, the lack of detail on the provided map photo made mission planning nearly impossible.  Commanders would be extremely uncomfortable planning a mission with this amount of data without an actual reconnaissance of the objective and route.  The level of detail in aerial photography at the lowest level was about on par with off-the-shelf NGA data available anywhere in the world.  The experimenters had difficulty identifying urban areas, roads, and open areas due to the lack of detail in the photos.  The resulting plan was not accurate to the actual nature of the terrain and would have made execution extremely difficult and dangerous for friendly forces.  

At the medium level of detail, which assumes aerial supremacy above the objective, photography was detailed enough for thorough mission planning.  Improved map data aided in the planning process, but experimenters concluded that aerial photography was the most useful for mission planning.  Additionally, with aerial photography available, mission planning tools such as line of sight analysis became useful to the commander.  

Feature layers helped quickly identify areas such as vegetation versus terrain; however they were not critical in any way to mission planning.  Feature data about roads and trafficability however were extremely important to mission planning.  Aerial photography does not provide substantial information for trafficability, especially if the terrain is off-road.  Integrated updated trafficability data is critical for the planning of missions.   The ability to overlay detailed contour lines on aerial photography made a huge difference in mission planning.  Ground photography also made a substantial impact on mission planning.

Overall, we recommend that at an absolute minimum for effective mission planning a map with detailed elevation data is provided for leaders.  Additionally, updated detailed aerial photography must be used because low detailed satellite photography is not useful at all.  Detailed elevation data is of immense importance to mission planners and should be incorporated into terrain data.  Additionally, the ability to overlay contour lines on the elevation data is extremely important so that planners can visualize terrain and line of sight.  Trafficability data should be included if possible to aid in mission planning.  Finally, tools such as line of sight can be immensely helpful in determining fields of fire.  We recommend getting as much information as possible to aid in planning, but maps data, imagery, and elevation data are critical aspects in mission planning.       
11
COST VERSUS VALUE
After our fellow group completed their simulation and conducted a value analysis on the different levels of detail our group took the analysis one step further. The values they determined coupled with our cost matrix allowed our group to conduct cost versus value analysis.  We looked at the three aspects (analyst hours, operational status, and storage) in the cost matrix that we could assign a quantitative value to and used them for each detail element elevation, imagery and key features. The only cost value analysis our group actually conducted was elevation. We used the actual values for storage and hours but we had to assign values to the operational status. Our group used expert opinions, by interviewing officers and NCOs who had real world experience to assign values to each operational status.  Looking at Figure 9, we conclude that there is a great increase in value from level 1 to 2 with little increase in cost, and a little increase in value from level 2 to 3 with a large increase in value. The medium level of detail provides good information for a relative low cost.  More specifically a 10% increase in cost from level low to level medium causes a 55% increase in value and a 25% increase in value from medium level to high level results in a 90% increase in cost.  
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Figure 9 – Elevation Cost Analysis Graph

11
CONCLUSION/RECOMMENDATION

The experimentation led to a number of important conclusions that can be extremely useful to decisions made regarding the features of terrain data most useful to mission planning and execution in FCS.  In terrain data analysis, we proved that the amount of value from going to level two to level three was not significant for the increase of cost.  This is important because it shows that the “perfect” amount of detail is not needed in order for a unit to be combat-operational.  Effective planning can be accomplished without the cost of having everything within the terrain database.  The time and storage costs needed to create and store these datasets does not match the value they produce.  This opposes human nature because people want the most information and tools possible.  However, due to bandwidth, time constraints, and limited source data, this sometimes is not possible for an operational picture.  This cost analysis was effective because it helped the other team with their command and control conclusions.
The C2 team first recognized that inadequate aerial photography and maps can be detrimental to mission planning.  At the lowest level of detail, the lack of detail on the provided map photo made mission planning nearly impossible.  Commanders would be extremely uncomfortable planning a mission with this amount of data without an actual reconnaissance of the objective and route.  The level of detail in aerial photography at the lowest level was about on par with off-the-shelf NGA data available anywhere in the world.  The experimenters had difficulty identifying urban areas, roads, and open areas due to the lack of detail in the photos.  The resulting plan was not accurate to the actual nature of the terrain and would have made execution extremely difficult and dangerous for friendly forces.  

At the medium level of detail, which assumes aerial supremacy above the objective, photography was detailed enough for thorough mission planning.  Improved map data aided in the planning process, but experimenters concluded that aerial photography was the most useful for mission planning.  Additionally, with aerial photography available, mission planning tools such as line of sight analysis became useful to the commander.  

Feature layers helped quickly identify areas such as vegetation versus terrain; however they were not critical in any way to mission planning.  Feature data about roads and trafficability however were extremely important to mission planning.  Aerial photography does not provide substantial information for trafficability, especially if the terrain is off-road.  Integrated updated trafficability data is critical for the planning of missions.   The ability to overlay detailed contour lines on aerial photography made a huge difference in mission planning.  Ground photography also made a substantial impact on mission planning.

Overall, we recommend that at an absolute minimum for effective mission planning a map with detailed elevation data is provided for leaders.  Additionally, updated detailed aerial photography must be used because low detailed satellite photography is not useful at all.  Detailed elevation data is of immense importance to mission planners and should be incorporated into terrain data.  Additionally, the ability to overlay contour lines on the elevation data is extremely important so that planners can visualize terrain and line of sight.  Trafficability data should be included if possible to aid in mission planning.  Finally, tools such as line of sight can be immensely helpful in determining fields of fire.  We recommend getting as much information as possible to aid in planning, but maps data, imagery, and elevation data are critical aspects in mission planning.       
12
FUTURE WORK
Some of the possible areas that we can further expand our research may be to continue analyzing the cost versus value of the different database levels.  More qualitative analysis would help us determine which level is best.  We may want to consider the cost of individual attributes at the varying levels of detail, and obtain more  values from the stakeholders for the different attributes at the different levels of detail.  


Additionally, we may want to gain a better understanding about the relationship between FCS and TEC.  Learning more about their relationship or their individual responsibilities may give us some additional information that can be incorporated into the production of the databases.  


LTC Hendrix and LTC Kewley will continue some of this research at Fort Bliss, TX over the summer.  

Grace Garcia is from Chicago, Illinois.  Grace is a member of United States Military Academy Class of 2007 and is an Operations Research major.  She will be commissioned in the US Army as a Second Lieutenant.  As an Army Intelligence Officer, Grace will first be stationed at Fort Carson, Colorado.

Aaron D. Fairman from San Bernardino, California.  Aaron is a member of the United States Military Academy Class of 2007 and is an Information Systems Engineer major.  He will be commissioned in the US Army as a Second Lieutenant.  As a Military Policeman, Aaron will first be stationed at Fort Lewis, Washington.

Daniel Pate from Birmingham, Alabama, Daniel is a member of the United States Military Academy class of 2007 and is an System Engineering major. He will be Commissioned in the US Army as a Second Lieutenant in Air Defense Artillery. 

Collin Smith from Alexandria, Virginia is a member of the United States Military Academy class of 2007 and is a Systems Engineering major. He will be commissioned in the US Army as a Second Lieutenant in the Ordnance Corps and will serve with a support battalion at Fort Benning, Georgia.

LTC ROBERT KEWLEY from El Paso, Texas.  LTC Kewley teaches Systems Simulation and Computer Aided Systems Engineering at the United States Military Academy Department of Systems Engineering.  He has a PhD in Decision Science and Engineering Systems from Rensselaer Polytechnic Institute.
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APPENDIX A: COST DATA MATRIX
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APPENDIX B: LITERATURE REVIEW
Future Combat Systems Overview

The Army’s Future Combat Systems is a network that enables the separate integrated systems to interact and operate as one overall system.  The end state is that when networked and functioning together, the FCS family of systems is able to better interact; the result of all systems working together is better than each system working individually.


The Future Combat System’s family of systems network includes four different operating environments:

· System-of-Systems Common Operating Environment (SSCOE)

· Battle Command Software (BC)

· Communications and Computers Systems (CC)

· Intelligence, Reconnaissance, and Surveillance (ISR)


These four sub-systems all are critical in the overall function of FCS.  SSCOE is the main piece, allowing for multiple mission essential uses to be used at the same time – combat, intelligence and reconnaissance, and logistical applications.  


BC software allows for mission planning, situation understanding, mission execution, and war fighter-machine interface (WMI)
.  The BC and Mission Execution software gives the commander the tools needed to make quick and informed decisions in the best interests of the unit engaged in combat.  The war fighter-machine interface gives the commander the ability to present and receive Soldier information in real-time.  Communications and Computers systems provide an integrated way for units to stay connected on the battlefield.  Programmable Joint Tactical Radio Systems lead the list of equipment fielded to provide units the ability to communicate on the battlefield quickly and with a consistent format and method.  The network for FCS will also be modular, allowing the use of different waveforms, routers for local area networks (LAN), and operating systems
.  FCS will also be useful for Intelligence as well as Logistics applications and missions.


The connection between FCS and the Terrain Data Generation project is the fact that the main mission applications of FCS are based upon having terrain data in a 3D visualization for decision making and operations.  In order to properly identify the parts needed to generate the proper data that meets the demands of the operational environment, various other sources have been consulted.

Sattelites

A satellite is an object that revolves around a planet in a circular or elliptical fashion.  There are two types of satellites natural and artificial.  An example of a natural satellite is the moon.  The moon revolves around planet Earth naturally.  An example of an artificial satellite is a Sputnik.  This satellite was the first satellite ever launched into space.  


Satellites serve many purposes such as image transmission, radio frequencies, text transmission for newspapers, and the growing market for GPS transmissions.  All of these new capabilities have allowed for rapid information transmission.  Technology has advanced so much that satellites are evolving considerably.  

HISTORY


The first satellites were very unreliable and expensive.  “Communication using microwaves in space was first accomplished in 1948 by the US Army Signal Corp’s Project Diana.”
  They were able to do this by using the moon to bounce radar signals back to earth.  These signals did not prove to be strong enough for long distance communication.  In 1954, the US Navy managed to get this system to successfully transmit a voice message.  This was the beginning of satellite development.  As I mentioned earlier Sputnik was the first satellite launched in space by any country stimulating creativity in order to stay ahead of technology by the rests of the world.
      

How Satellites Work

Satellite communication consists of three essential components, the uplink, satellite, and receiving station, that work together to transmit information.  The uplink will send a radio wave to the satellite.  The satellite then enhances this signal and sends it back to earth to the receiving station.  The receiving station will collect all the signals and depict the message.  Both the uplink and the receiving station must be within the range of the satellite in order for this to work.
  “Since these communication vehicles remain in one position relative to any chosen location on earth, they can effectively serve as high volume, full-time switchboards in space”
  


There are two ways that these radio waves transmit messages to and from the satellites, digital and analog.  A digital message uses a binomial code where it’s a series of 0’s and 1’s arranged in a way to conceal a message.  An analog message “is mimicked by electrical voltages.”
 For example, when a person speaks in a microphone, his/her voice is transmitted to analog as a voltage.  The strength of the voltage determines the pitch of the person’s voice.  

About Global Positioning Systems

The Global Positioning System, GPS, is a device that had become very useful for land navigation.  The GPS works with 27 different satellites, 24 that are constantly used and 3 on reserve.  The satellites are staggered around the globe so that at any moment there are four satellites in the sky at all times (see Figure 1-1).  
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FIGURE 1-1 (photo from website …courtesy of the Department of Defense)

How a GPS Works


GPS has become one of the most relied on devices for land navigation whether it is for military purposes or day-to-day activities for the public.  The GPS is constantly searching for four of more satellites that are orbiting the earth.  It then calculates the distance to each and calculates its own location from these distances by a mathematical method called Trilateration.
  

Trilateration is a way to calculate a location relative to other locations. It can be used in two dimensions or three dimensional problems.  In a two dimensional situation, say that a ship is lost in the sea, but knows that one harbor is 3000 miles east another harbor is 4000 south east, and a third harbor is 2500 miles west of his location.  The captain can then draw a radius of their respective distances around each harbor creating three circles that overlap.  The intersection of the three circles on his map is his location in the sea.  This is very similar to how GPS systems work.  They will determine the location of four satellites and do something very similar to this.  The only difference is that instead of a two dimensional problem, GPS work in three dimensions. 

Geospatial Information Systems



A Geospatial Information System “is a set of cooperation command services and departments and their systems involved in the acquisition, production and use of imagery, imagery intelligence, and geospatial information.”
  It basically is a system that allows users to share data, services, and resources.  It allows them to collect, produce, disseminate and achieve data.  It helps to look at situations in a “what if” perspective.  

Who Uses It
The majority of the people that use this system are environmentalists, engineers, land-use planners, architects, people with a lot of land, and specially the military. 
  The reason that this is very convenient to everyone is because GIS combines different types of data together that can be useful to many different people.  For example, GIS can capture rainfall and different types of maps.  It can plot discrete and continuous data onto the same map/database with no problem. 

Types of Data in the System

Data can be added very easily such as scanning documents, transferring data directly from satellites, aerial photos, or GPS systems. There are two types of data Raster and Vector.  Raster data is they type of data that is used for a 3 color map consisting of rows and columns.  They usually represent rainfall.  Vector data is usually data that contains points, lines, and polygons.  Vector data is common when we see boundaries, contour lines, elevation, or other continuous features that contain dynamic values.
  


GIS displays data in three different ways, database view, map view, and model view.  Database view is like a global database that shows maps with addresses.  Map view is a set of intelligent maps they feature relationships to the earth’s surface.


Finally, GIS can perform many different functions such as data modeling, topological modeling, networks, cartography modeling, map overlay, automated cartography, geo-statistics, geo-encoding, reverse encoding.

Databases

A database is a collection of data organized for rapid retrieval of information. 
 Some examples of databases are telephone books, library catalog, a map, or a software program that organizes terrain features into a user friendly medium. Our project team as teamed up with TEC to better develop terrain databases, some of their success stories are, “Urban Resolve, JWARS, JNTC/SOCOM, and FCS”
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There are three types of terrain databases constructed, live, and virtual. 
 Constructed would be a map, MOUT site, or a “sand box”.  A live terrain database would be the actual terrain in the present time, and virtual would be some software program representing a certain area. 


For our current project there are three phases or levels of detail. There is the pre-deployment phase where just about all terrain data is 2-dimensional, length and width of the terrain. There were also be some level of detail of the elevation of the terrain but it there will not be as much detail on the buildings, streets etc. Then we move into the second phase, when we have air superiority, our terrain databases are pretty much all 3-dimensional. After we have air-superiority we can take much closer aerial photos of the local terrain to gain a more detailed description of the terrain elevation and construction of the housing, etc. The final phase or level of detail will be once we have soldiers in country. Once we have soldiers in the area we can collect as much data with as much detail as needed. This phase adds a sort of fourth dimension: traffic patterns, culture, and customs. This is where or next questions come into play. What level of detail is needed for the proposed mission? 


This is one of the major problems that encompass our project. The key is to create a shared database where everyone can access exactly what they need, or build upon previous databases. This shared database will have all single aspects of the area, traffic, housing, etc, but will also keep any previously made databases.

Value Modeling

Value modeling for our project is dynamic and changes with varying missions and unit size. Since our values scores change with varying unit sizes and varying missions, we must replicate a few missions and analyze each one. Each mission has a different set of criteria that is critical to accomplishing that unique mission leading to different values for each evaluation measure. Here area a list of values:

1. Speed- This measures how quickly the data can be collected and/or used to create a useful database, this depends on the location of the mission. If the mission is to some remote area where useful data as not been collected then this will measure both collection of useful data and creating a database. If the mission is to an area where friendly forces have gathered terrain data then this will simply measure how quickly the data can be transformed into a useful database.  
2. Resolution Quality- This measures the level of detail the terrain will be available for the user. This will vary based on unit size and mission. If a database is used by a Corps or Division commander to discuss overall operations in Iraq, then a low level of detail would suffice and probably be preferred. The more detail a database contains the longer it takes to create.  If the database was to be used by a platoon most of the time a greater level of detail would be required, but once again it is mission dependent. For example, seizing a house would need a greater level of detail than moving a platoon size element from Baghdad to Mosul.  
3. Storage Capability- This measures how much data a certain database or software can hold, basically to see how large of a database can be created and measures the ease of maneuverability within the database. Different programs have different ways of storing data, for example, some programs use tiles in their database, which speeds up the interface between user and program. So for this evaluation measure more space does not necessarily mean a better program, because some programs have ways to store more data with either their own or previous used ideas. 
4. Cost- This measures how much it cost to create a database. The cost of a database will vary based on other values in this list, which depend on unit size and mission. Cost is ultimately something that must be decided upon at the Army’s highest level, this value will impact very few people in the military, unless they lower soldier’s pay to build better databases. Cost of a database will encompass the cost to maintain a database; labor for building, collecting, and maintaining the database; cost of software or means to store and create data.   
5. Dynamic- This measures how easily a database can update and also the different elements of an area it contains. How easily it can be updated doesn’t correlate with speed. Speed as was stated before is how long it takes to build a database, while this measures how quickly it can be updated once it is built and new information is fed into the database. 
6. User Friendly- This measures how easily the database can be used by people with different technological skill sets. Different levels of skill sets: anyone can use it, anyone with basic computer knowledge, anyone with a small amount of training (1 week or less), extensive amount of training (more than one week), or someone with extensive specialized education. This varies somewhat on mission; if the designated person for operating the database is incapacitated then someone needs to be able to take over his job.   
7. Security- This measures how well the program is secured or can be secured so as to ensure our enemy does not see any part of our mission. This will be mission dependent; some missions mainly peace time missions will not need to be very secure. There is also somewhat of a variation in this value during war.  Some missions like handing out clothes and school supplies are less important to insurgents, than is conducting a raid on a house. Therefore security for a mission that involves giving away supplies might need to be less than for conducting a raid on a house. Both of these situations would require some amount of security because enemies can attack soldiers on both missions.  Both of these missions, however, have soldiers concentrated in one area and are most likely prepared for an attack. Convoy operations would be the most important as far as security, because IEDs are the main threat in our current war.  
8. Accessibility- This value only applies to programs with varying formatting. If a particular database requires a certain type of formatting then this value measures how easily it is obtained.  Unit size and mission really have no effect on accessibility. This value function chart would be linear, the easier the data is to obtain the higher value the database receives.

We need to take each of these values along with their varying needs into consideration to sufficiently analyze this project.

MILITARY GEOSPATIAL DATA (Topographic)
LTC Hendricks, G&EnE

Interview October 26, 2006

In slide, “Military Geospatial Data” was created by the Geospatial Information Science sector of the Department of G&EnE for use in the common GIS classes.  However, since we are unable to take these classes, LTC Hendricks was able to talk to us about this slide, data and terrain databases.  In this slide, geospatial data is broken up into different parts throughout the slide.  It is important to know there is source data that we need to obtain the data.  The source data comes from National Technical Means (NTM), commercial satellites, satellites, etc.  These data formats are collected by the different sources and are made into certain products depending on the need.  Either you can input the data on paper maps which you can scan or geo-reference the paper maps into CADRG.  CADRG is Compressed Arc Digitalized Graphics, which are essentially paper maps that are scanned into a program as a simple picture format.
  You can also take the paper maps and digitalize them into a VMAP, vector map, or UVMAP, urban vector map.  These maps are digitalized into programs such as Blue Force tracker and FBCB2, help command, and control the battlefield.  Feature Foundation Data is another form of vector data that is attributed to mapping features.  This is the very similar to VMAP and does not pertain to our project that much.

The more important part of our project is with Digital Terrain Elevation Data (DTED) and Controlled Imagery Base (CIB).  Controlled Imagery Base, CIB, is a black and white imagery for visualization.
  Is made from rectifying grayscale of aerial photos which essentially means they are digital images and are compressed.
  This is important because some of the aerial photos that were taken with LIDAR and so forth are compressed into CIB.  There are certain formats that have certain spatial resolution. CIB 10 has spatial resolution of 10 meters, CIB 5 has a spatial resolution of 5 meters, and CIB 1 has a spatial resolution of 1 meter.  These all depend on the Circular Map Accuracy which is derived into 90% of confidence and plus or minus 23 meters.

Digital Terrain Elevation Data, DTED, is a uniformly spaced grid of terrain elevation values that provides the required information programs.
  There are two methods of obtaining this information.  One can either photogrammetrically derive the bare earth elevation or have shuttle radar topographic mission (SRTM) reflective of surface elevation.
  There are different types of DTEd, which have different spacing’s and file sizes.  This table is shown below for further referencing.  

	
	DTED 1
	DTED 2
	HRTe 3
	HRTe 4
	HRTe 5

	Post Spacing
	~100m
	~30m
	~10m
	~3m
	~1m

	File Spacing

(28 km x 24 km)
	.021MB
	.196MB
	26MB
	294.8MB
	2.6GB


This is important because we can see what types of categorizations give what spatial resolution.  More important we see the reference of file size along with the resolution.  So, one can see that the further enhanced the resolution increases in the table, the higher the file space will become.  There has to be a mixture of spacing with file size so we do not have too high of a file size, but give enough resolution to accomplish the mission.

Representing Geography Slide

LTC Hendricks, G&EnE

Interview October 26, 2006

The slide, “Representing Geography” was created by the Geospatial Information Science sector of the Department of G&EnE for use in the common GIS classes.  However, since we are unable to take these classes, LTC Hendricks was able to talk to us about this slide and help enhance our idea about terrain data display in our project.  This slide tries to make the novice Geographers understand the basics of GIS.  It first starts by talking about Representative Fraction and how a large scale gives a large amount of detail and a small area, while and small scale gives a large area, but a small amount of detail.  The fraction is inversely proportional and shows that when display data; we must take into account scale and the amount of detail that it shows.  

The slide also shows the earth and is modeled it into a two components: continuous and discrete portions.  The Continuous sector is continuous data that is constant throughout the whole earth.
  These can be rivers, mountain ranges, etc and are represented as raster data.  Raster data is a grid of squares that divides the world into cells and assigns attributes to those cells.  The cells have mountain ranges, elevation, etc that can be assigned to multiple cells and help define the complex terrain.  There is also discrete data that is defined as random objects that populate the world, such as buildings, water.
  These are represented as vector data, which is made up of points, lines and polygons.  Both raster and vector data help represent the visualization of terrain data and will be useful in the future. We can see that it also matters in dimensionality because the further an increase of dimension can show more detail.
  Different types of vectors and show more spacing or more information that may be useful to the user.  The table is show below that represents this.

	Dimension
	Represents

	0-D
	point

	1-D
	line

	2-D
	polygon

	3-D
	volume

	4-D
	space-time


This is useful and significant to our project because data models help define the visualization.  We need to understand that data modeling is not just visualization, but it is made up of different components, raster and vector data.  The components help structure the database and visualization, so that we can make a mental model in order to command and control the situation.

Geospatial Information and Services (GI&S) for the Warrior

National Imagery and Mapping Association

This booklet of slides by the National Imagery and Mapping Agency (NIMA) talks about type s of data and helps us understand a little more about the types of data.  In these slides, there are four types of data: raster, vector, matrix, and text.
  All of these data types are important, but we are most focused on raster and vector data models.  NIMA helps break up the advantages and disadvantages of raster vs. vector products.  They can be seen below in the table.

	Raster
	Vector

	"Looks Like the Map"
	Approximate look of the map

	Dumb Map
	Smart Map

	Approx. 320 MB per Nav. Chart
	Approx. 6.5 MB oer Nav. Chart

	Standard Appearance
	User Defined Appearance

	Zoom Functional restricted by Pixel Size
	Zoom function not Restricted

	Easy to Produce
	Time Intensive


As you might see, raster data is easy to produce, but it is more size and the zoom function is restricted by the pixel size.  This is contrasted by the vector data which is less in size, but it is time intensive and is defined by user appearance.
 

These slides also go over the DTED as well.  Essentially 67% of the world is at 

Level one coverage with 100 meter intervals.  It is also defines it uses as orthorefication of imagery, terrain analysis, mission planning systems and aircraft simulation systems.
  This is very important to our project because it show that the world is only at level 1 DTED and it is only two-thirds the way completed.  Therefore, there are many wholes in terrain that needed to be filled.  In addition, who says that DTED 1 is enough for everyone to complete the mission?  It might take a higher resolution to see more information or to see what is important.  The slides also go over DTED collection, which is a part of our functional analysis.  Stereo imagery (82% of available DTED 1) is done by manual collection and it is automated extraction done by pixel matching’s.
  Cartographic source has 18% of all available DTED 1 and the contour lines from existing maps.  In addition, radar collects from reflective surface and InterFerometric Synthetic Aperture RADAR (IFSAR). 

Army Geospatial Guide for Commanders and Planners, TC 5-230

Department of the Army

The Army Geospatial Guide is made by the Army and is constructed to help guide army personnel on GIS systems in the army.  This army documented also talks about the particular types of data also.  This document goes into depth about most of the data that the army uses.  Therefore, we are briefly going to talk about each of them.  There is foundation data that provides a readiness component of raster imagery, elevation data matrix, vector, and nautical information.
  These components will be used on the FCS in order provide information for all components.  Foundation data consists of:

· FD

· CIB

· Digital point positioning database (DPPDB)

· Digital nautical chart (DNC)

· DTED 2

· Other data sets

Feature data is a vector product that consists of layers of points, lines, and polygons are stored in a database structure.
  CIB is a spatial background of imagery that each pixel has an embedded latitude has longitude coordinate information.  DPPDB is classified data that is made up of high-resolution digital images.  It can be used to precisely measure a target
.  DTED is most widely used product for the National Imagery and Mapping Association.  It’s a grid of sampled spot elevations on the earth’s surface.  There are two types of DTED---reflective surface and bare-earth

· Reflective surface is when the radar bounces back from objects.

· Bare-earth is created from stereo-imagery where the elevation points are moved from the treetops to the surface.

This information is very useful on the capstone because they all have to deal with the types of data I will be using.  However, our project is going to be focusing on DTED and CIB because it the most widely used and it already has a metric system where we can focus on.  All the information will help us with finding what terrain is most suitable for accomplishing a mission.
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