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Introduction

NASA’s Earth Science Mission Directorate has initiated the process to determine Uninhabited Aerial Vehicle (UAV) capabilities for applications in the civil sector. The initial draft of the document is focused on the Earth science missions because the workshops supporting this initial draft detailed those missions. 
Since the release of the draft, additional workshops have been held:

· Akron, OH – focusing on sensors and power and propulsion

· Herndon, VA – focusing on homeland security

· Monterey, CA – focusing on coastal management and precision agriculture

The initial draft of the document, and all workshop outcomes, can be found at the following web-site: http://www.nasa.gov/centers/dryden/research/civuav/index.htm 

This document presents the interim findings of the collective missions extracted from all of the workshops held to date. It is meant to present the status of the Civil UAV Capabilities Assessment. It is assumed by the authors that the reader is familiar with the on-going assessment process. If additional background is needed, it is suggested that the draft version located on the above website be reviewed. Comments from readers can be sent to the email address on the website.
Figure 1.0 provides a graphic representation of the components for a typical UAV System (UAS) depicting some of the capabilities needed and the enabling technologies required for performing a given mission. Additional details on these shown and the remaining capabilities and technologies are discussed later this document.


[image: image1]
Figure 1.0 Unmanned Aerial Vehicle System.

Report Contents
The next portion of this report will detail the analysis of the fifty-three proposed missions and sixteen capabilities required for each. For analytic purposes, the Assessment Team developed a matrix of missions vs. capabilities. Considering the data from the workshops, taken collectively, the weighting of the impact of the capability within each mission was assessed. This weighting required that a set of weighting definitions be developed. Table 1 is the output matrix of the Mission vs. Weighted Capabilities developed by the Team using the weighting definitions defined in Table 2. To understand the contents of the matrix, the reader will need to utilize the weighting definitions and cross-reference both Appendices A and B. 
The proposed missions from the workshops are listed in Appendix A of this status report. A review of them suggests certain technologies and capabilities are required to accomplish these missions. These suggestions are based on information derived from the workshops, discussions with subject matter experts and information from the researchers that proposed the missions. 

Appendix B lists the capabilities and technologies based on the missions in Appendix A. Capabilities are listed in the order of use by the most missions, i.e. capabilities required most frequently are listed first. Note, these listings do not necessarily reflect NASA priorities.  The technologies are also listed in order of frequency of use and a suggested Technology Readiness Level (TRL) evaluation is given with each technology.
	
	
	Capability

	
	Mission Description
	 Access to the airspace 
	 Command/control from outside entity 
	 Long Range/Endurance
	 Increased Platform Availability
	 Quick deployment 
	 Terrain Avoidance
	 Formation flight
	 Monitor/control multi-ship operation
	 Precision aircraft state data
	 High Altitude
	 All Weather
	 Vertical Profiling
	 Deploy / potentially retrieve 
	 Precision trajectories 
	 Base of operations in remote area 
	 Covert Operations

	 
	 
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Earth Science Missions
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	1
	Repeat Pass Interferometry for Surface …
	5
	0
	0
	3
	5
	0
	0
	0
	5
	1
	1
	0
	0
	5
	0
	0

	2
	Cloud and Aerosol Measurements 
	5
	5
	3
	0
	0
	1
	3
	5
	1
	1
	5
	1
	0
	0
	0
	0

	3
	Stratospheric Ozone Chemistry 
	1
	5
	5
	1
	0
	0
	1
	0
	1
	3
	0
	0
	0
	0
	0
	0

	4
	Tropospheric Pollution and Air Quality 
	5
	5
	3
	1
	3
	0
	3
	1
	0
	1
	0
	1
	0
	0
	0
	0

	5
	Water Vapor and Total Water Meas.
	5
	5
	5
	1
	0
	0
	0
	1
	1
	3
	0
	1
	0
	0
	0
	0

	6
	Coastal Ocean Observations 
	3
	1
	1
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0

	7
	Active Fire, Emissions, and Plume Assess.
	5
	3
	3
	3
	1
	0
	1
	1
	0
	0
	3
	0
	1
	0
	0
	0

	8
	O2 and CO2 Flux Measurements 
	3
	5
	3
	0
	0
	1
	0
	1
	0
	0
	0
	3
	0
	0
	0
	0

	9
	Vegetation Structure, Composition, …
	1
	0
	1
	0
	0
	0
	3
	5
	5
	0
	0
	0
	0
	0
	0
	0

	10
	Aerosol, Cloud, and Precipitation Dist.
	5
	5
	2
	1
	0
	0
	0
	1
	3
	1
	0
	5
	0
	0
	0
	0

	11
	Glacier and Ice Sheet Dynamics 
	3
	1
	1
	3
	3
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0

	12
	Radiation - Vertical Profiles of Shortwave..
	5
	5
	0
	1
	0
	1
	3
	5
	0
	1
	0
	3
	0
	0
	0
	0

	13
	Ice Sheet Thickness and Surface Def.
	1
	5
	0
	0
	0
	1
	5
	5
	1
	0
	0
	0
	0
	0
	0
	0

	14
	Imaging Spectroscopy 
	5
	0
	1
	0
	5
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0

	15
	Topographic Mapping and Topographic…
	3
	3
	0
	0
	0
	0
	0
	0
	5
	1
	0
	0
	0
	1
	0
	0

	16
	Gravitational Acceleration Measurements 
	0
	0
	0
	0
	0
	0
	0
	0
	5
	0
	0
	0
	0
	3
	0
	0

	17
	Antarctic Exploration Surveyor 
	0
	0
	1
	1
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	5
	0

	18
	Magnetic Fields Measurements 
	0
	0
	0
	0
	0
	0
	0
	5
	1
	5
	0
	0
	0
	0
	0
	0

	19
	Cloud Properties 
	5
	5
	3
	0
	5
	0
	3
	3
	5
	3
	0
	3
	3
	0
	0
	0

	20
	River Discharge 
	3
	3
	0
	1
	1
	0
	3
	0
	1
	0
	0
	0
	0
	3
	0
	0

	21
	Snow – Liquid Water Equivalents 
	5
	1
	1
	3
	1
	3
	0
	0
	3
	0
	0
	0
	1
	3
	0
	0

	22
	Soil Moisture and Freeze/Thaw States 
	5
	1
	3
	1
	0
	0
	0
	0
	5
	0
	0
	3
	0
	3
	0
	0

	23
	Cloud Microphysics/Properties 
	5
	5
	0
	1
	1
	0
	1
	0
	0
	5
	1
	1
	3
	0
	0
	0

	24
	Focused Observations – Extreme Weather 
	5
	3
	3
	0
	0
	0
	0
	0
	0
	1
	0
	0
	1
	0
	0
	0

	25
	Forecast Initialization 
	5
	5
	3
	0
	3
	1
	1
	5
	0
	1
	5
	0
	5
	0
	0
	0

	26
	Hurricane Genesis, Evolution, and Landfall 
	5
	5
	5
	0
	3
	1
	1
	5
	0
	1
	5
	0
	5
	0
	0
	0

	27
	Physical Oceanography
	0
	1
	1
	1
	0
	1
	0
	1
	0
	0
	1
	3
	1
	0
	5
	0

	28
	Tracking Transport and Evolution of Poll.
	5
	5
	5
	5
	5
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0

	29
	Clouds/ Aerosol/ Gas/ Radiation Inter.
	3
	3
	3
	0
	0
	0
	3
	3
	0
	5
	3
	3
	1
	0
	0
	0

	30
	Long Time Scale Vertical Profiling of Atm.
	1
	5
	0
	0
	0
	1
	3
	1
	0
	1
	0
	3
	0
	0
	0
	0

	31
	Global 3D Continuous Measurement 
	5
	0
	0
	1
	0
	1
	0
	0
	0
	1
	1
	3
	1
	0
	0
	0

	32
	Transport and Chemical Evolution in the..
	5
	5
	3
	5
	3
	1
	1
	1
	0
	1
	0
	3
	1
	0
	0
	0

	 
	Homeland Security Missions
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	1
	Marine Interdiction, Monitoring, Detection..
	5
	5
	3
	3
	5
	1
	1
	1
	1
	0
	1
	0
	3
	1
	0
	1

	2
	Tunnel Detection and Monitoring
	5
	1
	3
	3
	0
	0
	0
	0
	3
	0
	1
	0
	0
	3
	0
	3

	3
	Broad Area Surveillance
	5
	1
	3
	1
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	1

	4
	BORTAC Situational Awareness
	0
	1
	0
	3
	5
	3
	0
	0
	3
	0
	3
	0
	0
	1
	5
	5

	5
	Coastal Patrol
	3
	1
	1
	0
	0
	0
	1
	1
	3
	1
	3
	1
	3
	0
	0
	0

	 
	Land Mgmt. and Coastal Region
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	1
	Wildlife Management Population Count
	0
	5
	0
	0
	0
	3
	1
	1
	3
	0
	0
	0
	0
	0
	0
	5

	2
	Wildlife Management Telemetry Mission
	5
	5
	0
	1
	1
	3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3

	3
	Wildlife Habitat Change Mission
	5
	1
	1
	1
	3
	1
	0
	3
	0
	0
	3
	0
	0
	0
	0
	3

	4
	Precision Agriculture
	3
	0
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0

	5
	Water Reservoir Management
	3
	1
	0
	1
	3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	6
	Range Management
	1
	0
	0
	1
	1
	3
	0
	0
	0
	0
	0
	0
	0
	0
	5
	0

	7
	Urban Management
	5
	0
	0
	1
	1
	5
	0
	0
	5
	0
	0
	0
	0
	3
	5
	1

	8
	Coastal Water Quality
	5
	3
	3
	3
	3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	9
	Identification and Tracking of Maritime…
	5
	3
	3
	5
	5
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0

	10
	Shallow Water Benthic Ecosystem
	0
	1
	0
	1
	1
	1
	0
	0
	3
	0
	0
	0
	0
	5
	5
	0

	11
	Carbon Dioxide Flux
	0
	3
	3
	0
	0
	1
	0
	0
	3
	0
	3
	3
	0
	3
	0
	0

	12
	Wildfire / Disaster: Real-time Comm.
	5
	1
	1
	5
	5
	0
	1
	3
	0
	0
	5
	0
	0
	0
	1
	0

	13
	Wildfire/Disaster: Predict, Measure …
	5
	3
	3
	5
	5
	0
	1
	0
	3
	0
	5
	0
	0
	0
	3
	0

	14
	Wildfire: Fire Retardant Application
	5
	5
	0
	5
	3
	3
	5
	1
	3
	0
	5
	0
	0
	5
	0
	0

	15
	Wildfire/Disaster: Reducing Risk to Resp.
	0
	1
	0
	5
	5
	5
	0
	0
	3
	0
	3
	0
	0
	0
	5
	0

	16
	Wildfire/Disaster: Pre- and Post-Event…
	1
	0
	1
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0


Table 1 – Mission vs Weighted Capabilities

Matrix weighting definitions
	Access to Airspace
5: Mission requires "unconstrained" access to the NAS to accomplish the mission. For example, rapid response, or real-time re-tasking are absolutely required.

3:
Mission allows flight with "constrained" access to the NAS and still accomplishes most of the desired mission.  Mission schedule either allows time to file COA, has limited need to deviate from a filed plan, or event driven response is not a priority.

1:
Mission can probably fly with "very limited" access to the NAS and still accomplish most of the desired mission. Mission schedule allows time to file COA, and there is no re-tasking necessary. 

0: 
No "file & fly" access to NAS necessary.

	Command/Control from Outside Entity


5:
Mission success requires that C2 system respond to input from payload system (to track dynamic phenomena), another UAV (for coordinated flight), or any other non-human source (such as satellite weather data). (Note: the use of GPS sat data is not meant to be included with this need for "sat data").

3:
Mission success is possible with some limited C2 inputs from outside source such as the payload or another UAV.  Mission probably still uses some limited operator interface into the C2. (The need for terrain avoidance, or GPS input, is not considered in this classification.)

1:
Mission can be fully accomplished with C2 input from operator.

0:
Mission can be fully accomplished with a preprogrammed mission manager. A commanded repeat of a portion of the mission is still considered a zero.

	Long Range / Long Endurance

5:
Mission lasts 14 or more days and/or requires a range in excess of 10,000 miles.

3:
Mission lasts between 1 and 13 days and/or requires a range between 3,000 and 10,000 miles.

1:
Mission lasts between 6 and 24 hours and/or requires a range between 1,000 and 3,000 miles.

0:
Mission does not involve significant levels of either endurance or range. 

	Increased Platform Availability

5:
Mission is characterized by purely dynamic events. This requires that the vehicle have maximum possible availability.  

3:
Mission incorporates the potential for dynamic events, or has some elements of a dynamic event involved, thus requiring high vehicle availability.

1:
Mission does not involve a response to dynamic events, but calls for a high frequency of operations, and thus some advanced level of availability.

0:
Mission has no trace of a dynamic event, or high frequency operation, and thus no need for elevated availability.

	Quick Deployment

5:
Mission involves a purely unpredictable event, and thus requires a maximum capability for quick deployment. 

3:
Mission involves an unpredictable event, but some forecasting (weather related), or for example satellite monitoring, which mitigates the unpredictability.

1:
Mission is event driven, but the season or general time-frame of the event is well-known in advance

0:  Mission is not event driven and therefore does not require quick deployment.

	Terrain Avoidance

5:
Mission requires “below building-top elevation” flight in an urban area – thus requiring advanced terrain avoidance and a high-level of aggressive maneuverability.

3:
Mission requires flight below 500’ AGL in hilly or possibly mountainous terrain – thus terrain avoidance and aggressive maneuvering is required.

1:
Mission calls for either flight above 500’ AGL or flight below 500’ AGL over generally flat terrain – thus low-resolution terrain avoidance with moderate maneuvering is acceptable. Missions that call for data flights down to the surface, even for a short time, would be considered in this category.

0:
Mission does not require any terrain avoidance capability.

	Formation Flight

5:
Mission requires two or more vehicle’s flying in a tight formation - flying, essentially, as “one” vehicle, or in such close proximity as to called a “swarm”.
3:
Mission can be performed with two or more vehicles flying in a coordinated fashion, but with considerable separation (and with probably some flexibility to the accuracy of their relative separation distance).
1:
Mission can be performed by one “mother ship” vehicle that directs one or more “daughter” vehicles in some manner. Control of the distance or trajectory of the respective vehicles is not necessarily required.

0:
Mission does not require any multi-vehicle coordination.

	Monitor/Control Multi-Ship Operations

5:
Mission requires that 4 or more vehicles by monitored and/or controlled simultaneously.

3:
Mission requires that 3 vehicles be monitored and/or controlled simultaneously.

1:
Mission requires that 2 vehicles be monitored and/or controlled simultaneously.

0:
Mission does not require multi-ship operations.

	Precision State

5:
Mission requires highly accurate position (such as to DGPS resolution) and highly accurate vehicle attitude (such as ±0.25 deg. in all three axis) to perform such tasks as very accurate determination of ground-object position. 

3:
Mission only requires GPS-level accuracy of position, and relatively high accuracy of vehicle 3-axis attitude.

1:
Mission can be performed with GPS-level position. Knowledge of the vehicle’s 3-axis attitude may or may not be necessary.

0:
Regardless of the vehicle’s need or use of GPS for basic enroute navigation, the actual mission does not require any precision state information.

	High Altitude

5:
Mission requires an altitude capability in excess of 86K ft.

3:
Mission requires an altitude capability between 66K and 85K feet.

1:
Mission requires an altitude capability between 46K and 65K feet.

0:
Mission is below 45K feet, and does not therefore require high altitude capability.

	All Weather

5:
Mission requires flight in very severe atmospheric conditions for an extended period of time. Very severe conditions would include flight into hail, lightning, the outer bands of hurricanes, or through volcanic or wildfire smoke and particulate plumes.

3:
Mission probably requires day or night flight in severe atmospheric conditions, such as rain, icing, and/or moderate turbulence.

1:
Mission is likely to involve day-time flight in light rain or light turbulence.

0:
Mission does not involve all-weather flight.

	Vertical Profile

5:
Mission requires that the vehicle perform a maneuvering vertical descent (and perhaps ascent) to gather vertical profile data over a period in excess of 24 hours. Accurate horizontal position control and timing, in concert with the changing vertical position, may also be necessary so that data is gathered along the same vertical axis.

3:
Mission requires that the vehicle perform a maneuvering vertical descent (and perhaps ascent) to gather vertical profile data over a period less than 24 hours.

1:
Mission permits the vertical profile data to be gathered either by the vehicle deploying and monitoring Drop Sondes or by multiple vehicles in stacked formation.

0:
Mission does not involve vertical profiling.

	Deploy/Retrieve

5:
Mission requires that the vehicle deploy one or more daughter ships. Retrieval and/or docking are highly preferred but not necessarily required. The use of expendable daughter ships (and perhaps even dropsondes) is acceptable as an operational option.

3:
Mission requires that the vehicle deploy one or more daughter ships. These vehicles would either be recovered on the surface, or would be designed to be expendable. No airborne retrieval and/or docking is needed. The use of expendable dropsondes is acceptable as an operational option.

1:
Mission requires that the vehicle deploy one or more expendable passive sensors such as dropsondes. No daughter ship deployment is needed.

0:
Mission does not involve deployment of any devices.

	Precision Trajectory

5:
Mission requires that the vehicle follow a precise trajectory that must be based on better-than GPS accuracy. Trajectory is to be based on a position accuracy of better than ±15 ft. (±5 m.).

3:
Mission requires that the vehicle follow a precise trajectory that is based on no-better-than GPS position data. Trajectory is to be based on a position accuracy of between ±15 ft. (±5 m.) and ±150 ft. (±50 m.).

1:
Mission requires some sensitivity to vehicle trajectory, but position accuracy can be less than ±150 ft. (±50 m.).

0:
Mission does not involve precision trajectory.

	Remote Operations

5:
Mission requires flight operation from a location not intentionally suited for air operations. Such and area would typically be on a road, or on undeveloped, but cleared, land such as an empty field. Operations from a ship or a truck would be included here also.

3:
Mission requires flight operations from a small, rural, uncontrolled airfield. Such a location is designed for non-commercial flight operations, and may only have a relatively short grass, dirt, or (in the case of the Antarctic shelf) ice runway.

1:
Mission requires flight operations from a small airfield that could either be controlled or uncontrolled. However, such a facility would have one moderate-length asphalt runway

0:
Mission does not involve operations from a remote facility.

	Covert Operations

5:
Mission requires the vehicle be inaudible at a distance of 300. ft at night. It may also be required that the vehicle be visually covert during daylight hours as well, which would dictate size constraints. 

3:
Mission requires that the vehicle be relatively quiet at a distance of 300. ft and generally inaudible during the daylight hours. Visual covertness is still important, but not necessarily a requirement. 

1:
Mission requires that the vehicle be very quiet at a distance of 1000. ft. Visual covertness in not an issue.

0:
Mission does not involve covertness in any way.


Table2 – Capability Weighting Scale Definitions
Enabled by: Autonomous Mission Management, Reliable Flight Systems, Navigation Accurate Systems, Terrain Avoidance, Power and Propulsion





UAV





User Community





UAV Systems include:


Air Vehicle and payloads


Communications Architecture


Command & Control System





SATCOM Link





Control System





Line of Sight





Beyond Line of Sight
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