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1.0 Introduction 

¢ƘŜ ǳƭǘƛƳŀǘŜ Ǝƻŀƭ ƻŦ ǘƘŜ ¦{ !ǊƳȅ {.Lw ǊŜǎŜŀǊŎƘ ŜŦŦƻǊǘǎ ǘƛǘƭŜŘ ά! 5ƻǇǇƭŜǊ ǿƛƴŘ ƭƛŘŀǊ ōŀǎŜŘ ŀǘƳƻǎǇƘŜǊƛŎ 

energy harvesting system for autonomous in-ŦƭƛƎƘǘ ƎǳƛŘŀƴŎŜ ŀƴŘ ǇŀǘƘ ǇƭŀƴƴƛƴƎ ƻŦ ǎƳŀƭƭ ŀƛǊŎǊŀŦǘέ ǿŀǎ ǘƻ 

document the feasibility of a hardware/software system that provides autonomous in-flight guidance 

and flight path control for small manned aircraft or Unmanned Aircraft Systems  (9ƳƳƛǘǘ ŀƴŘ hΩIŀƴŘƭŜȅΣ 

2007; Emmitt and hΩIŀƴŘƭŜȅΣ нллт; Simpson Weather Assoc., Inc., 2012). 

 In particular, the goal was to define such a system that utilizes both forecasted and continuous real-

time knowledge and description of the state of the atmosphere and atmospheric energetics within the 

mission corridor of the aircraft to provide the autonomous guidance for detailed and adaptive flight 

path planning. Such flight planning and control would reduce mission dependence upon preflight 

assumptions, extend flight duration and endurance, and allow for the optimum routing of the aircraft 

(Emmitt et. al., 2017; Greco et. al., 2015; Emmitt et. al., 2014).   

1.1 The AEORA Mission Planning Tool (AMPT) Overview  

The AEORA Mission Planning Tool (AMPT) serves as the pre-launch mission planning tool using a simple 
flight simulation model for a defined mission flight. The simulation uses inputs from WRF meso-scale 
model atmospheres and multiple generated flight tracks to an energy feature area to produce possible 
UAV flight performances. The user selected optimal flight from these multiple flights is used by ED/Ωǎ 
sophisticated UAV model, CASSY, to fly to a feature area and to fly energy features.  The AMPT major 
models (Mission Objectives and Mission Constraints (MOaMC) , Flight Trajectory Instruction Generator 
(FTIG), Sensor Energy Target Detection Model (SETDM) and inputs (WRF Model and UAV Specifications) 
are depicted in the flowchart Figure 1.0.  
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Figure 1.0 The AEORA Mission Planning Tool (AMPT) flowchart. 

In 2005, Simpson Weather Associated began working with the Navy's Office of Naval Research (ONR) to 

develop an In-flight Lidar Integrated Mission Management System (I-LIMMS) that provides real-time 4-D 

visualization of airborne Doppler Wind Lidar (DWL) data aboard an aircraft as well as a real-time system 

managing of both mission flight strategy and the lidar scanning strategy (Emmitt, G. D. , S. Greco and S. 

A. Wood, 2012). The AMPT platform is based upon the SWA Launcher platform used in the I-LIMMS 

project.  

The AMPT main screen, shown in  Figure 2 below, is designed for three major functions; top bar - the 

Icon Viewer, side bar ς the Model/Document Invoker and the middle screen - Main Screen Visual.  The 

top bar contains picture icon stills and graphics that can be scrolled through (Figure 3.0), and images can 

be added to the icon inventory via the Screen Capture function. When a graphic is selected from the top 

bar, it is displayed full size in the Main Screen Visual. The side bar (Figure 4.0), contains links to 

documents, models and graphics. Additional documents, models and graphics can be added by the user 

via the SWALauncher.xml file that resides in the AMPT main directory. The side bar inventory at delivery 

date is as follows 

¶ How to use the AMPT    

 

hǾŜǊǾƛŜǿ ŀƴŘ ǳǎŜǊΩǎ ƎǳƛŘŜ ŦƻǊ ǘƘŜ !at¢ όǘƘƛǎ ŘƻŎǳƳŜƴǘύΦ 
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¶ Running WRF Model for AMPT   

 

Document explaining how to operate the WRF model and tools on the AEORA laptop.  

 

¶ WRF Model Manual   

 

This ¦ǎŜǊΩǎ DǳƛŘŜ describes the Advanced Research WRF (ARW) Version 3.3 modeling system, 

released in April 2011. 

¶ WRF Conversion Model  
 
Tool to convert WRF NetCDF files to binary format for the AMPT. 

 

¶ ncBrowse   
 

ncBrowse is a Java application NetCDF File Browser that provides flexible, interactive graphical 
displays of data and attributes by NOAA/PMEL/EPIC (Donald Denbo). 
 

www.epic.noaa.gov/java/ncBrowse/ 

 

¶ WRF Feature Mining  Tool  

 

 Tool to extract WRF fields and generate secondary fields for graphics. 

 

¶ Mission Objectives and Constraints (MOaMC) 

 

The MOaMC defines the mission for the simulated flights. Simulation mode, UAV, spatial and 

temporal inputs and limits are inputs. 

 

¶ Flight Trajectory Instruction Generator (FTIG) 

 

The FTIG produces an initial flight based upon the mission inputs. For a UAV simulation mission; 

up to four waypoints, energy feature intercept point and sampling distance are inputs . For a 

DWL simulation; flight and scanner modifiers are inputs to be operated on an existing DWL 

flight.  

 

¶ Sensor Energy Target Detection Model (SETDM) 

 

The SETDM either produces numerous potential flights and flight performance based upon the 

initial flight generated in the FTIG or compares DWL winds (simulated or real)  with a WRF 

Forward model. In the former, the SETDM dashboard allows the user to scrolƭ ǘƘǊƻǳƎƘ ŀƭƭ ŦƭƛƎƘǘǎΩ 

performances and choose a flight to be used in flying the EDC CASSY simulator.  

 

http://www.epic.noaa.gov/java/ncBrowse/
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¶ EDC MODEL CASSY 

 

CASSY is a nonlinear, six-degree of freedom rigid body representation aircraft model with the 

same control inputs available on an actual aircraft. The aerodynamic parameters of the model 

can be set to represent any typical fixed wing platform. Attached to the aircraft model is an 

automatic flight control system which uses a model predictive controller to generate commands 

to the aircraft control surfaces to track a desired three-dimensional trajectory. The guidance 

logic to generate the desired flight trajectory is based on the current aircraft state and estimates 

of the surrounding atmospheric features. 

 

¶ GEO-VISUALIZER 

 

CESIUM is an open source JavaScript library for world-class 3D maps and global visualization. 

The AMPT using CESIUM to visualize the aircraft output flights.   

 

https://cesiumjs.org/ 

 

¶ VOXLER  

 

Voxler is a 3D graphics COTS software package that SWA bought from Golden Software to 

produce Contour, Scatterplot, Iso-surface and vector graphics. Voxler is not included in the 

AMPT delivery. If the customer wants to produce these types of graphics, the customer must 

either buy Voxler from Golden Software or add their own graphic package to the SWAlauncher.  

 

http://www.goldensoftware.com/products/voxler 

 

¶ GRAPHER 

 

Grapher is a 2D graphics COTS software package that SWA bought from Golden Software to 

produce Line/Symbol, Bar/Polar, Contour, Statistical graphics. Grapher is not included in the 

AMPT delivery. If the customer wants to produce these types of graphics, the customer must 

either buy Grapher from Golden Software or add their own graphic package to the 

SWAlauncher.  

 

http://www.goldensoftware.com/products/grapher 

 

¶ SURFER  

 

Surfer is a graphics COTS software package that SWA bought from Golden Software to produce 

Class Post, Wireframe, Contour and Image graphics. Surfer is not included in the AMPT delivery. 

If the customer wants to produce these types of graphics, the customer must either buy Surfer 

from Golden Software or add their own graphic package to the SWAlauncher.  

 

https://cesiumjs.org/
http://www.goldensoftware.com/products/voxler
http://www.goldensoftware.com/products/grapher
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http://www.goldensoftware.com/products/surfer 

 

¶ Google Earth 

 

! ƭƛƴƪ ǘƻ DƻƻƎƭŜΩǎ DƻƻƎƭŜ9ŀǊǘƘ ƛs included in the AMT. While no AMPT outputs are currently 

converted to KMLs for GoogleEarth, GoogleEarth is still a useful tool for global visualization and 

thus has been included. If the customer intends to make additional use of GoogleEarth 

capabilitiesΣ ǘƘŜȅ ǎƘƻǳƭŘ ǊŜǾƛŜǿ ǘƘŜ DƻƻƎƭŜΩǎ ƭƛŎŜƴǎŜ ǿŜō ǇŀƎŜΦ  

 

¶ Time Zone Converter 

 

A useful web tool for converting time zones.  

 

 

 
 

Figure 2.0 AEORA Mission Planning Tool Main Screen 

 

 

http://www.goldensoftware.com/products/surfer
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Figure 3.0 Top Panel Bar ς The Icon Viewer. When an icon is click, the image is displayed in the Main 

Screen Visual Area. This image is of the Ruby Mt. TODWL flight coverage 2012. 
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Figure 4.0 Side Panel - contains links to documents, models and graphics. 

 

2.0 The AEORA Mission Planning Tool - Models, Links, Graphics and Documents 

2.1 WRF Model 

The RUNNING WRF MODEL FOR AMPT button invokes a MS Word document (Figure 5.0),  providing 

instructions for running the WRF model on the AEORA laptop. The running of the WRF model operates 

under a Ubuntu Linux virtual box and is a very complex operation. A knowledge of Linux commends and 

editor protocols is strongly suggested before running the WRF. The WRF MODEL MANUAL button opens 

ŀ t5C όCƛƎǳǊŜ сΦлύ ŦƻǊ b/!wΩǎ Advanced Research WRF (ARW) Version 3.3 modeling system, released in 

April 2011. Email questions regarding the documents can be made to SWA (Steve Greco at 

sxg@swa.com). 

 

 
Figure 5.0 Instructions for setting up the WRF model on the AEORA laptop and running the WRF. 

 

 

mailto:sxg@swa.com
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CƛƎǳǊŜ сΦл b/!wΩǎ Advanced Research WRF (ARW) Version 3.3 modeling system, released in April 2011. 

 

2.1.2 WRF Model Data Conversion 

The WRF Conversion Model button invokes a MATLAB algorithm running in OCTIVE that converts WRF 
NetCDF files to binary format for the AMPT in the ~\AMPT\WRFfiles\BIN directory. When invoked, a 
WRF NetCDF menu will pop up (Figure7.0) for the user to choose a WRF NetCDF file (ex. 
Wrfout_d03_2012-10-04_2100.nc). The conversion process (Figure 8.0) in OCTIVE may require long run 
times.  
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Figure 7.0 WRF Conversion Model Menu Screen 
 
 

 
Figure 8.0 WRF Conversion Model OCTIVE Screen 
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2.1.3 ncBrowse for WRF Model outputs 

¢ƘŜ ƴŎ.ǊƻǿǎŜ ōǳǘǘƻƴ ƛƴǾƻƪŜǎ bh!!κta9[κ9tL/Ωǎ Java application NetCDF File Browser (Figure 9.0) that 
provides flexible, interactive graphical displays of data and attributes. After loaded a WRF NetCDF file, 
the user chooses a WRF field, sets graphic options and ncBrowse will plot the field. The model does not 
extract data. 

 

 
Figure 9.0 An example of the use of ncBrowse to look at a WRF field.  

 

2.1.4 WRF Feature Tool 

The WRF Feature Tool (Figure 10.0) reads in a WRF atmosphere binary file and allows the user to extract 

variables in ASCII format for graphics. The tool also generates additional variables from the WRF 

variables that might be useful when visualized to find potential energy sources. 
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Figure 10.0 The WRF Feature Tool Main Screen. 

 

 

The WRF variables to choose from are as follows. 

 

¶ The change in Equivalent Potential Temperature (ThetaE) as a function of layer thickness (K/Km) 
can be derived from the WRF File. ThetaE is the temperature a parcel of air would reach if all the 
water vapor in the parcel were to condense, releasing its latent heat, and the parcel was 
brought adiabatically to a standard reference pressure, usually 1000 hPa (1000 mbar) which is 
roughly equal to atmospheric pressure at sea level. In stable conditions, ThetaE increases with 
altitude. If ThetaE decreases with height, convection can occur. The comparison of the 
equivalent potential temperature of parcels of air at different pressures thus provides a 
measure of the instability of the column of air 

 

¶ The Equivalent Potential Temperature (K) (ThetaE) can be derived from the WRF File. ThetaE is 
the temperature a parcel of air would reach if all the water vapor in the parcel were to 
condense, releasing its latent heat, and the parcel was brought adiabatically to a standard 
reference pressure, usually 1000 hPa (1000 mbar) which is roughly equal to atmospheric 
pressure at sea level. In stable conditions, ThetaE increases with altitude. If ThetaE decreases 
with height, convection can occur. The comparison of the equivalent potential temperature of 
parcels of air at different pressures thus provides a measure of the instability of the column of 
air. 
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¶ The Potential Temperature (K)  (Theta) can be derived from the WRF File. The potential 
temperature of a parcel of fluid at pressure, P, is the temperature that the parcel would acquire 
if adiabatically brought to a standard reference pressure, usually 1000 millibars.  

 

¶ Vertical velocity (m/s) can be extracted from the WRF File. 
 

¶ Wind speed (m/s) and wind direction (deg) can be derived from the WRF File.   
 

¶ Wind speed (m/s) and wind direction (deg), minus their average, can be derived from the WRF 
File.   

 

¶ The change in the U horizontal wind component with the respect to the change in atm. layer (s-
1) can be derived from the WRF File.   

 

¶ The change in the V horizontal wind component with the respect to the change in atm. layer (s-
1)  can be derived from the WRF File.  

 

¶ The change in the vertical velocity with the respect to the change in atm. layer (s-1) can be 
derived from the WRF File.   

 

¶ The change in the Temperature with the respect to the change in atm. layer (K/Km)  can be 
derived from the WRF File.   

 

¶ Cloud Liquid Water Content (kg/kg) can be extracted from the WRF File 
 

¶ Profiles of vertical velocity (m/s) can be extracted from the WRF File.   
 

¶ The average and standard deviation (9 pt., 27 pt., 3 pt.) of the U horizontal wind components 
(m/s) can be derived from the WRF File.   

 

¶ The average and standard deviation (9 pt., 27 pt., 3 pt.) of the V horizontal wind components 
(m/s) can be extracted from the WRF File.   

 

¶ The average and standard deviation (9 pt., 27 pt., 3 pt.) of the vertical velocity (m/s) can be 
extracted from the WRF File.   
 

¶ The average and standard deviation (9 pt., 27 pt., 3 pt.) of the temperature (K) can be extracted 
from the WRF File.   

 

¶ Terrain (m) (AGL) can be extracted from the WRF File.   
 

 

Figure 11.0 shows the choosing of a WRF atmosphere file from the binary directory 

Χ\AMPT\WRFfiles\BIN (test case Ruby Mountain 10/04/12 2020Z). Vertical velocity is the desired WRF 

variable (default) for extraction (Figure 12.0). Once the model has been run, an ASCII file for the variable 
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is written in the ASCII directory for graphics. The graphics is intended to be a tool for helping a user 

define the flight mission. Figures 13.0 and 14.0 are examples of WRF 3D vertical velocity that a flight 

mission can target. Figure 15.0 is a 2D multi-level example of the vertical velocity fields.  

 

 
Figure 11.0 Loading a binary WRF atmosphere file from the subdirectory Χ\AMPT\WRFfiles\bin using 

the WRF Feature Tool. 
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Figure 12.0 Extracting vertical velocity (default) from the WRF atmosphere file and writing it to an ASCII 

file in the subdirectory Χ\AMPT\WRFfiles\GRX_ASCII for graphics. 
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Figure 13.0 3D Graph of the 10/04/12 2020Z WRF variable vertical velocity showing the areas of upward 

vertical motion.  

 

 
Figure 14.0 Top view of a 3D Graph of the 10/04/12 2020Z WRF variable vertical velocity showing the 

areas of upward vertical motion. The histogram distribution of vertical velocity in the data base is also 

shown.  
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Figure 15.0 A 2D multi-level example of the WRF vertical velocity fields for the Ruby Mountain area 

(10/04/12 2020Z).  

 

 

When running the WRF Feature tool, the user can choose to set boundaries on the variables being 

extracted/derived. All data is the model default, however lower and upper ranges can be set for greater 

than/less than or range limit to stay within. 

 

Another option to a search for mountain waves in the WRF atmosphere based upon a glider technique. 

Note  - This method has not been fully tested. 

 

Prediction of a formation of mountain waves occurring (90% accuracy) in the following conditions: 

 

¶ Wind direction within 30 degrees of the perpendicular to the ridge of high ground 

and no change in direction with height. 

 

¶ Wind speeds at the crest of the ridge in excess of 15-20 kts, increasing with height. 

 

¶ Stable air above the crest of the ridge with less stable air above and below that stable layer. 

Using the WRF Feature Tool to extract terrain and graphics can be used to determine the orientation a 

mountain ridge as shown in Figure 16.0. With WRF wind speed and direction, Equivalent Potential 

Temperature profile, terrain and mountain orientation information, the WRF Feature Tool computes the 

likelihood of Mountain Wave presence.  
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Figure 16.0 WRF terrain for Ruby Mountain case 10/04/12. 

 

2.2 Mission Objectives and Mission Constraints (MOaMC) 

Once a user has explored the wind features and terrain from a WRF atmosphere, a mission can be 

constructed for a flight. There are two simulation modes for the AMPT (shown in Figure 17.0): UAV 

simulations (main mode) and DWL simulation mode. The UAV simulation mode allows the user to 

construct a flight mission by defining spatial and temporal  constraints, UAV inputs, incorporating a WRF 

atmosphere, exploratory flights to a feature area and running the feature flying EDC model, CASSY, 

ŀƭƻƴƎ ǘƘŜ ǳǎŜǊ ŎƘƻǎŜƴ άōŜǎǘέ ŦƭƛƎƘǘΦ TƘƛǎ ƳƻŘŜ ƛǎ ǳǎŜŘ ŀǎ ŀƴ ŜȄŀƳǇƭŜ ƛƴ ǘƘƛǎ ǳǎŜǊΩǎ ƎǳƛŘŜΦ 
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Figure 17.0 The Mission Objectives and Mission Constraints model (MOnMC) main screen.  

The Mission Objectives and Mission Constraints variables to choose from are as follows. 
 

¶ Under Simulation Mode, Run the AMPT for a UAV mission using EDC's CASSY model to simulate 
flying energy features. 

 

¶ Under Simulation Mode, Run the AMPT using TODWL data to simulate ADWLs to explore 
searching energy features from WRF outputs. 

 

¶ Under Mission File Name, the user can choose to create an unique name or use the default, 
MISSIONops.dat  

 

¶ Load Existing Mission File button will open up a directory tree to allow the user to load a 
previously created mission file where the inputs are re-loaded. The user may have to change the 
directory to the one listed at the top of the load MISSION screen 

 

¶ Load UAV SPEC File button will open up a directory tree to allow the user to choose an UAV 
from a menu for the mission. The user may have to change to the UAV Inventory directory to 
the one listed at the top of the load UAV screen 

 

¶ Under Date - Time, enter the year (20XX) of the mission flight (it needs to match WRF 
atmosphere chosen in the SETDM). 
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¶ Under Date - Time, enter the month (XX) of the mission flight (it needs to match WRF 
atmosphere chosen in the SETDM). 

 

¶ Under Date - Time, enter the Day (XX) of the mission flight (it needs to match WRF atmosphere 
chosen in the SETDM). 

 

¶ Under Date - Time, enter the starting hour (XX.XX) of the mission flight. 
 

¶ Under Date - Time, enter the ending hour (XX.XX) of the mission flight. 
 

¶ Under Mission Boundary Limits, southern most latitude (lowest) limit for the mission area. (deg) 
 

¶ Under Mission Boundary Limits, southern most longitude (lowest) limit for the mission area. 
(deg) 

 

¶ Under Mission Boundary Limits, minimum altitude (lowest) limit for the mission area. (deg) 
 

¶ Under Mission Boundary Limits, northern most latitude (upper) limit for the mission area. (deg) 
 

¶ Under Mission Boundary Limits, northern longitude (highest) limit for the mission area. (deg) 
 

¶ Under Mission Boundary Limits, maximum altitude (highest) limit for the mission area. (deg) 
 

¶ Under Flying Mode, Line tells CASSY to fly the UAV in a line pattern while surfing WRF energy 
features. (Not incorporated at this time) 

 

¶ Under Flying Mode, Centering tells CASSY to fly the UAV centering pattern while surfing WRF 
energy features. (Not incorporated at this time) 

 

¶ Under Aircraft, the starting latitude (deg) of the UAV flight. 
 

¶ Under Aircraft, the starting longitude (deg) of the UAV flight.  
 

¶ Under Aircraft, the ending latitude (deg) of the UAV flight, post flying the energy feature. It may 
be the same location as the starting point.  

 

¶ Under Aircraft, the ending longitude (deg) of the UAV flight, post flying the energy feature. It 
may be the same location as the starting point.  

 

¶ Under Aircraft, the starting altitude (m) minus ASL of the UAV. This input should be set to zero if 
UAV is on the ground.  

 

¶ Under Aircraft, the ending altitude (m) minus ASL of the UAV. This input should be set to zero if 
UAV is on the ground. 
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¶ Under Aircraft, the starting aircraft cruise speed (m/s). This input should be set to zero if UAV is 
on the ground.  

 

¶ Under Aircraft, the ending aircraft cruise speed (m/s). This input should be set to zero if UAV is 
on the ground. 

 

 

Next to all AMPT inputs there is a small question mark that when clicked a brief description will be 

displayed. Figure18.0 is a MOaMC message example.  

 

Figure 18.0 Example of AMPT input variable message box. 

              

For UAV simulation mode, after the output file has been defined, the user should click the Load UAV 

SPEC FILE and load a UAV specifications file from the UAV inventory (Figure 19.0 and Figure 20.0).  
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Figure 19.0 Example of clicking the Load UAV SPEC FILE to load a UAV specifications file from the UAV 

inventory 
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Figure 20.0 Loading an ASCII UAV SPECS File for the SHADOW UAV from the sub-directory Χ\AMPT\UAV 

Inventory. 

Table 1.0 below list the SHADOW UAV specifications numbers. 1.0 is used for values yet to be obtained. 

Table 2.0 below list the FW20 UAV specifications numbers.  

Table 1.0 SHADOW UAV 
 
Measurements  
168   Wingspan (in) 
134   Fuselage length (in)  
24   Body diameter (in)  
 
Weight 
186   Empty weight (lbs)   
375   Maximum gross takeoff weight (lbs)  
 
UAV Performance  
14764.0  Maximum Altitude (ft) AGL 
360.0   Maximum Endurance (min) 
120.0   Maximum One Way Range (km) 
57.   Maximum Airspeed at a flying weight of 20 lbs (m/s) 
73.0   Cruise Speed (kts) 
350.   Maximum rate of Climb (ft/min) 
500.   Maximum rate of descent - <350 (ft/min) 
45.   Maximum bank angle (deg)  


