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Purpose
The purpose of this proposal is to outline the intended focus of the Economics Group of the Unmanned Aerial Vehicle Integration research project under the Carnegie Mellon University Department of Engineering and Public Policy.  
Summary

Within the UAV project currently underway within the EPP Department here at Carnegie Mellon University, the project group has split into four separate groups, each with its own focus in considering the integration of UAVs into the NAS.  Our group is largely concerned with researching the economic aspects of UAV integration.

As with any emerging technology, one of the most important facets to consider in mainstream integration is the market viability of various applications of the product.  By considering the market viability of a given product, the feasibility of the product and a timeline of integration can be made.  In addition, market projections and product alternatives can be considered.

In order to evaluate the market feasibility of the integration of UAVs into the NAS, we plan to investigate a range of applications.  In addition, we plan to investigate the effects of costs due to regulations and safety requirements, and their effect on the net value of the UAV, and the market viability.  To perform this evaluation, we will compare the use of an unmanned vehicle in the application with the logical or common manned counterpart.  In order to analyze the effect of regulatory and safety costs, we will investigate the cost that would be imposed by including the necessary parts and precautions if not already met.  By performing such a comparison, we should be able to ascertain the general cost-effectiveness of a UAV in the given application.  
Introduction
The market feasibility of UAV integration is paramount in determining which applications are likely to emerge in the coming years as desirable uses of the NAS in the public sector.  As a part of the larger project performed by the EPP Project Group, our group’s research will provided a basis for analysis by the Governance, Risk, and Technologies and Standards.  By utilizing the information provided in our research, these groups can further apply the information to analyze airspace restrictions, design considerations, and integration policy tailored to applications that are viable in the near future.  For example, if a feasible operation were to be performed at an altitude of 1500 feet, this application would require more monitoring and incident countermeasures than say, and application for localized surveillance with operations one-hundred-fifty feet or lower in altitude.  In addition, if our group is able to produce a set of viable applications, we can emphasize these and perform further research relative to the use of this application and potential investment therein.

Investment in UAV technology is important for many reasons extending far beyond market viability.  One must also consider the international implications of discontinuing UAV research.  Several other countries including Japan and the UK are currently applying UAVs for uses outside the military sector.  If UAVs were to someday require use on a regular basis, and the commercial development of UAVs in the US is lacking, significant reliance on foreign UAV technology and importation will become more and more necessary in order to meet the need.  

Proposed Research Method

We propose to investigate the market viability of several applications of UAVs into the NAS.  These applications are as follows:

· Animal Tracking
· Weather Reconnaissance 

· Traffic Monitoring

· Border Patrol and Police Use

· Agricultural Monitoring and Pipeline Monitoring
· Localized surveillance


(This list is further expanded upon in Appendix B)
We have selected these applications on the basis of application feasibility and current interest in the applications, determined from papers, research and news reports detailing the intent of use of UAVs in these applications.

Within these applications, we will apply the following cost structure:

	
	UAVs
	Manned Craft

	Equipment Manufacture

	Platforms/Aircraft
	X [$]
	X [$]

	Ground Control Station
	X [$]
	

	Support Vehicles
	X [$]
	

	Communication Hardware
	X [$]
	X [$]

	Systems Operation and Maintenance

	Regular Equipment Replacement
	X [$/yr]
	X [$/yr]

	Vehicle Inspection
	X [$/yr]
	X [$/yr]

	Maintenance
	X [$/yr]
	X [$/yr]

	Manpower

	Vehicle Training
	X [$]
	X [$]

	Vehicle Task Training
	
	X [$]

	Salary
	X [$/hr]
	X [$/hr]

	Mission Related Expenses

	Insurance Policy
	X [$/yr]
	X [$/yr]

	Sensors
	X [$]
	X [$]

	Fuel
	X [$/mission]
	X [$/mission]

	Take-off/Landing
	X
	X

	Average Mission Expense
	X [$/mission]
	X [$/mission]

	TOTAL
	X
	X


Figure 1 Economics Group Cost Structure

Within this cost structure, the terms are broken down as follows:

Equipment Manufacture:
· Platforms/Aircraft – Basic aircraft cost with no additional parts/accessories

· Ground Control Station – Cost for construction/purchase of the ground control station

· Support Vehicles – Cost of support vehicles (if necessary)

· Communication Hardware – Cost of communication hardware (i.e. GPS)

Systems Operation and Maintenance:
· Regular Equipment Maintenance – Cost for equipment that needs to be replaced on a regular basis

· Vehicle Inspection – Annual cost for vehicle inspection

· Maintenance – Annual cost for equipment and control station maintenance

Manpower:
· Vehicle Training – Cost for training pilots of each vehicle

· Vehicle Task Training – Cost for task-specific training

· Salary – Pilot/Support Crew salary

Mission Related Expenses:
· Insurance Policy – Fees required for vehicle insurance

· Sensors/Equipment – Task specific equipment needed

Fuel:
· Take-off/Landing – Cost of fuel associated with take-off and landing

· Average Mission Expense – Cost of fuel for an average mission, to be determined by the difference in hours of operation

Data collected for each application will take the following form for each application, detailing the relevant information:
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Model Rotor size Enduranc Max Altitt Gross We Overall CiPhoto EquPortion of Cost/Fligh Fully Autonomous?.

Sikorsky C72in  2-3hrs 8000 254 Ibs No
NASARot130in  1hr 1841bs  $86,000 Yes
Paradrone hrs 551bs

SkySeer 78in 4560 min 651bs

GoldenEye5d in 200bs | $50,000

CyberBUGA8in  1hr Tibs. $35.000  $2,000 5714286 $40-50hr No
Rotomotior48 in  12-24 min 1650bs | $16.500 Yes
Comparable Manned Options

Helicopter 236 in __ 3hr 15min 16000 3000 Ibs | $700,000 Varies  Varies  $300-500/FNo

Also to note: average yearly insurance is upwards of $22,500




Figure 2 Example Data Acquisition Table

We also plan to complete the data with an analysis of any alternatives that may not use aircraft at all, such as automated traffic monitoring through the use of traffic cameras and the like.

To perform the research, we will be investigating the current methods used in each application to achieve the overall goal, the costs therein, the UAV models that could be used in the application and the costs associated with use.  In order to compile this data, we will contact a number of UAV manufacturers, as well as experts in each application with a predetermined set of questions in order to compile our data adequately.  In addition, through the review of various papers on each subject, we hope to compile the necessary data for each application, allowing us to perform a quantitative as well as qualitative comparison.

Once the data is acquired, we intend to analyze the market viability of each UAV application by comparing its cost data with that of the manned equivalent, and the current practice, or data gathered on other alternative methods.  By doing this, we hope to establish a cost-effectiveness analysis for the UAV application.  In addition, we hope to find generalized costs imposed by various regulations, were they to be applied to UAVs, and evaluate the estimated change in cost caused by the incorporation of such measures. 
By performing the above, we hope to produce an in-depth investigation into the future market for UAV use to apply toward the overall analysis of the integration of UAVs into the NAS.  The proposed steps are summarized in Appendix A.
Appendices

Appendix A

Proposed Tasks

1. Gather data concerning each of the applications listen above

2. Analyze the cost-effectiveness of the use of UAVs in each of the applications above
3. Identify viable applications for use in the near future

4. Further investigate viable applications

Appendix B

Detailed description of applications and current work:

Environmental Monitoring:

This section will be centered on investigating a specific use of UAVs in weather monitoring.  Once figures have been collected regarding methodologies, cost comparisons will be made.  Current progress includes contacting Keesler Airforce Base in Mississippi (specifically the 403rd Wing), where WC-130 vehicles (“Hercules”) are currently in use for weather reconnaissance. Though the vehicle are manufactured by Lockheed Martin, they are unable to provide cost information at this time. Keesler Air Force Base will be providing operating cost information in the near future.  
Efforts are also being made to contact the National Oceanic and Atmospheric Association (NOAA) and the Atlantic Oceanographic and Meteorological Laboratory (AOML) where both manned and unmanned aircraft are currently in used to conduct hurricane studies.  In additioUAn, we should be able to compare the use of the WP-3D Orion turboprop aircraft and Gulfstream-IV SP jet with the Aerosonde UAV currently in use.
Pipeline Monitoring 

In other countries, such as Russia, UAVs are currently used to monitor oil and gas pipelines.  This application represents a fairly important use of UAVs given the economic strength of the petroleum industry, and the necessity of the industry to monitor thousands of miles of pipeline.  

UAV use will be compared to the use of wire detection, a current industry standard, for pipeline monitoring.  Our work to date has shown UAVs to represent a fairly low cost, given the average cost of an applicable UAV to be in the range of $25,000-$40,000, and the high cost of wire detection, estimated at $6 per foot.  In addition, UAVs for these applications have been shown to be very reliable, and able to perform in most weather conditions.  The use of thermal imaging allows UAVs to detect leaks particularly well.  When coupled with low overall risk levels due to the small size of the UAV and the nature of the areas surrounding pipelines, the initial data has shown UAV use to be somewhat viable, however, further data must be acquired before a full analysis can be completed.

Border Patrol
For the Border Patrol application, comparisons will be made by investigating the use of UAVs by border patrol agents in Arizona.  Over the past few years, the CBP has tested three UAV models, the most recent of which being the General Atomics’ Predator B.  Though current use is restricted to a section of the US-Mexican Border, the CBP hopes to use UAVs to assist in patrolling the northern borders, in addition to the national coastlines.  Though the UAVs would replace some manned aircraft, they would largely be used to supplement ground-based efforts.  Our current efforts regarding this application are centered on obtaining operations cost for the CBP application as General Atomics was unable to provide such information.  

In addition to CBP, there is a non-profit organization located in Arizona that monitors the US/Mexican border for signs of illegal activity using UAV operations.  Known as the American Border Patrol, this group owns and operates its own surveillance UAV.  The group is also currently discussing operating costs with the American Border Patrol in the hopes of further analyzing the viability of such an application.
Animal Tracking

This section of the report will concentrate on animal tracking.  In order to avoid costs being too varied, this section will concentrate a cost-effectiveness comparison relative to penguin tracking.  

Current work involves contacting experts in the field of animal and/or penguin tracking in order to obtain an idea of the costs associated and provide some insight into areas of the analysis not yet considered.  The current alternative method under consideration is tagging.

Traffic Monitoring

Simply put, this section will involve a direct comparison of the use of UAVs to the use of traffic helicopters in traffic monitoring.  

Current work involves contacting local news broadcasters and new reporting teams in order to obtain operational costs and overall costs of the clear alternative to UAV use:  traffic helicopters.  In addition, the group is currently making efforts to contact Victory Systems, a manufacturer of unmanned helicopters.  

Localized Surveillance

The goal of this section of the report is to investigate the market viability of the use of small UAVs in localized surveillance in the private sector.  This may involve property, land, area surveillance, and many other small-scale localized surveillance applications.

The intent of this section is to gather information on a variety of UAV models that would be plausible for local surveillance use, based on overall size, weight, and endurance constraints.  Once cost information for the purchase and operation of these models is obtained, the information will be directly compared to alternatives such as hired security guards, helicopter surveillance, extensive security systems, and the like.
Current work has involved the gathering of cost and size data on a number of small-scale UAVs.  Contacts thus far include Cyber Defense Systems, a manufacturer of small UAV planes.  In the coming weeks, the intent of this section of the group is to further investigate the cost data for these models, while expanding the model selection.  In addition, the group will gather data on the alternative methods of surveillance with the hope of analyzing the data shortly thereafter.  
Appendix C
Additional Questions

· Should task-specific costs be taken into consideration? (cameras, sensors, training, etc.)

· How should the cost of fuel be calculated so that it takes into account that missions may be completed more efficiently by UAVs if they can operate at night, completing the mission in fewer days?

· Should task-specific costs be taken into consideration? (i.e. cameras, sensors, training, etc.) Do they vary for different vehicles?

· How should the cost of fuel be calculated so that it takes into account that missions may be completed more efficiently by UAVs if they can operate at night, completing the mission in fewer days?
Appendix D

Intended Timeline of Efforts
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Fig 3  Timeline of Efforts
