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1.0Introduction
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document the feasibility of a hardware/software sy that provides autonomous flight guidance

and flight path control for small manned aircraft or Unmanned Aircraft Sysg@ YA GG | YR hQl Iy
2007 Emmittandh Q1 | ¥ R { ;S@npsonWeather Assoc., Inc., 212

In particular, the goal was to define such a system that utilizes both forecasted and continueus real
time knowledge and description of the state of the atmosphere and atmospheric energetics within the
mission corridor of the aircraft to provide the autmmous 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., 201Emmitt et. al., 201%

1.1 The AEORA Mission Planning Tool (AM®Vgrview

TheAEORA Mission Planning TGAMPT) serves as the praunch mission planning tool using a simple
flight simulation model for a defined missiflight. The simulation uses inputs from WRF msesale
modelatmospheres and multiple generated flight tradksan energy feature area to produce possible
UAVflight performances. The user selected optimal flighiom these multiple flights isused B0 Q a
sophisticated UAV model, CAS®M¥ly to a feature area and to fly energy featurdhe AMPTajor

models (Mission Objectives and Mission Constraints (MOalight Trajectory Instruction Generator
(FTIQ, Sensor Energy Tarde¢tection Model(SETDM) and inputs (WRF Model and UAV Specifications)
aredepicted in theflowchart Fgure 1.0.
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Figure 1.0 ThRAEORA Mission Planning Tool (AMRWchart.

In 2005, Simpson Weather Associated began working with the Navy's Office of Naval Researtt (ONR)
develop an Ifflight Lidar Integrated Mission Management SystethlfIMS) that provides redime 4-D
visualization of airborne Doppler Wind Lidar (DWL) data aboard an aircraft as well atimeeaistem
managing of both mission flight strategy atfe lidar scanning strategfgmmitt, G. D. , S. Greco and S.

A. Wood, 2012 The AMP latformis basedupon the SWA Launcher platfonmsedin the FLIMMS

project.

The AMPTnain screen, shown in Figure 2 below, is desigoethree major functiors; topbar - the

Icon Viewer, side barthe Model/Document Invoker and the middle screedain Screen Visual. The

top bar contains picture icon stills and graphics that can be scrolled thr@igire 3.0, andimages can

be added tothe icon inventoryia theScreen Capture functioVhena graphic iselectedfrom the top

bar, it is displayed full size in the Main Screen Vidua. side baFigure 4.0, contains links to

documents, models and graphi@dditional documents, models and graphics can be adyetthe user

via theSWALauncher.xrfile that resides in the AMPT main directory. The side bar inventory at delivery
date is as follows

1 How to use the AMPT

hdSNBASS | YR dzaSNRa 3FdzARS FT2NJ 0KS !'at¢ olKAa R
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Running WRF Model for AMPT
Documentexplairing how to operate the WRF model antbols on the AEORAaptop.
WRF Model Manual

This! & S NX &esbribes ReBdvanced Research WRF (ARW) Version 3.3 modeling system,
released in April 2011.

WRF Conversion Model
Tool to convert WRF NetCBIEs to binaryformat for the AMPT
ncBrowse

ncBrowse is a Java applicatidetCDF File Browstrat provides flexible, interactive graphical
displays of data and attributdsy 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 ConstraifitdOaMC)

The MOaMC defines thmission for thesimulatedflights. Simulation mode, UAV, spatial and
temporal inputs and limits are inputs.

Flight Trajectory Instruction Generator (FJ1G

The FTIG produces an initial flight based upon the mission inputs. For a UAV simulatiornn mission
up to four waypoints energy feature intercept poirind sampling distancareinputs. For a

DWL simulationflight 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 comparesDWL windgsimulated or real)with a WRF

Forward modelln the former, the SETDM dashboard allows the user tofscroli K NB dzZ3 K | f f T
performances and choose a flight to be used in flying the EDC CASSY simulator.
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EDC MODEL CASSY

CASSY @&nonlinear, sbdegree of freedom rigid body representatiaircraft modelwith the

same control inputs available @mactud 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 aircraftcontrol surfaces to track a desired thre@nensional trajectory. The guidance

logic to generate the desired flight trajectoisbased on the current aircraft state and estimates

of the surrounding atmospheric features

GEQVISUALIZER

CESIUM is an opaource JavaScript library for wordthss 3Dnaps andjlobal visualization.
The AMPT using CESIUM to visualize the aimugfut flights.

https://cesiumjs.org/

VOXLER

Voxler is a 3D graphi€OTSoftware packge that SWA bought from Golden Software to
produce Contour, Scatterplot, lsurface 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 GoldeBoftware or add their own graphic package to the SWAlauncher.

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

GRAPHER

Grapher is a 2D graphi€OTSoftware package that SWA bought from Gaidgoftware 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 aywaphic package to the
SWAIlauncher.

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

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 customest either buy Surfer

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

Page | 4


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

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

1 Google Earth
I fAy]1l (2 D2 2difcl8dadin tbe2ARHE WK rfo MR outputs are currently
converted to KMLs for GoogleEarth, GoogleEarth is still a useful tool for global visualization and
thus has been inctled. If the customer intends to make additional use of GoogleEarth
capabiliteg (G KSe& &aK2dz R NB@GASg (GKS D223ftSQa ftA0Syas

1 Time Zone Converter

A useful web tool for converting time zones.

& AEORA Mission Planning Tool (AMPT)
SWALauncher Exit Screen Capture

HOW TO USE
THE AMPT

RUNNING
WRF MODEL
FOR AMPT

WRF MODEL
MANUAL

WRF
CONVERSION
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WRF FEATURE
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Figure 2.0AEDRA Mission Planning Tool Main Screen
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SWALauncher Exit Screen Capture
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Figure 3.0 Top Panel Bafrhe Icon Viewer. When an icon is click, ithage is displagd in the Main
Screen Visual Are@his image is of the Ruby Mt. TODWL flight cove2@de.

& AEORA Mission Planning Tool (AMPT)
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Figure4.0 Side Panelcontains links to documents, models and graphics.

2.0 The AEORA Mission Planniiigol- Models, LinksGraphics andDocuments

2.1WRF Model

The RUNNING WRF MODEL FOR AMPT button invokes a MS Word d{féigoren’.(), providing
instructionsfor runningthe WRF model on the AEORA laptop. The runnitigedVRF modebperates

under a Ubuntu Linux virtual box argh very complexoperation A knowledge of Linux commends and
editor protocols is strongly suggested before running the WRRE.WRF MODEL MANUAL button opens
It 5C 6 CA 3 dzNBdvanckdiResedréhMIRB (ARW Beision 3.3 modeling system, released in
April 2011.Email questions regarding the documents can be made to SWA (Steve Greco at
sxg@swa.coin

& AEORA Mission Planning Tool (AMPT] - X
SWALaunchgr Exit Screen Capture
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WRF ON AMPT LAPTOP

The WRF system has been installed and compiled on the AMPT laptop (under Ubuntu Linux
virtual box) using Intel Fortran compilers. Section 1 describes the steps that need to be
performed to run WRF on the AMPT laptop for a domain that includes the Salinas Valley. The
extraction of the needed data from the WRF output and formatting for use in ADLAATS is

described in section 2. Section 3 provides a summary of the steps used in compiling the WRF
WRF MODEL models and the needed libraries.
MA L
1) STEPS TO RUN WRF ON AMPT LAPTOP:

Login on the AMPT laptop under ‘swa’. Then start the virtual box and Ubuntu Limux (username:
WRF swa: password: swaswa). A terminal should open up and you may be required to enter a
password (‘sa’). Change from the current home directory to the directory from where the WRF
CONVERSION system will be run, ie. cd /home/swa/nef. runs/salinas. A listing of the directory contents (‘ls —
MODEL 1”) should show the presence of at least the following important files:

_geogrid_exe (sets up domain)
-ungrib.exe (reads the NAM grib files
metgrid.exe (prepares initial and boundary conditions)

-real.exe (another step in preparing initial and boundary conditions and some other steps to

prepare for the simulation)
-wri.exe (executes the actual simulation)

WRF FEATURE Page1of5 1169words [ &
| MINING TOOL 8

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

ncBROWSE
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AMPT EXAMPLE

HOW TO USE
THE AMPT

Version 3 Modeling System User’s Guide
April 2011

WRF FOR AMPT

RUNNING
WRF MODEL
FOR AMPT

ecasting

WRF MANUAL |

WRF MODEL
MANUAL [\

X
WRF VERSION MODEL |

WRF
CONVERSION
MODEL

ncBROWSE

'WRF FEATURE TOOL

WRF FEATURE
| MINING TOOL

T b

CA 3dzNB cAdwanced Reseai@BWRF (ARW) Version 3.3 modeling system, released in April 2011.

2.1.2 WRF ModebData Conversion

The WRF Conversion Model button invokes a MATLAB algorithm running in OCTIVE that converts WRF
NetCDF files to binary format for the AMiPTthe AAMPTWRFfilesBINdirectory. When invoked, a

WRF NetCDF menu will pop {figure7.0jor the user to choose a WRF NetCDF file (ex.
Wrfout_d03_201210-04_2100.nc)The conversioprocesgFigure 8.0) in OCTIVE may reqlorg run

times.
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SWALauncher Exit Screen Capture
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Figure 8.0 WRF Conversion Model OCTIVE Screen
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2.1.3 ncBrowse for WRF Model outputs

CKS yO.NRgAaAS o0dzii2y Ng@ajiStioNdCDF File Brawddfigui@ 8.QJHatQ a
provides flexibleinteractive graphical displays of data and attributéfter loaded a WRF NetCDF file,
the user choosea WRF field, sets graphic options and ncBrowse will plot the Tikelmodel does not
extract data.

& AEORA Mission Planning Tool (AMPT _ a
SWALauncher Exit Screen Capture J\il rfout_d03_2012-10-04_2200.nc (local) - NetCDF File Browse - X
P -

Select Variable for Displ...
File: wrfout_d03_2012-10-04_2200.nc (local) W A .

zs
Attributes: 83

Dimensions: 9

Variables: 126

float W(Time=1, bof _top_stag=43, south_north=90, west_east=90);
:FieldType = 104; // int
MemoryOrder = "XYZ";
:description = "z-wind component’;
“units ="m s-17

west_east () stagger ="Z";

:coordinates = "XLONG XLAT";

Axes

-4.0 -20 0.0 2.0 . Depgndenl
W [west_east=", south_north=", bottom_top_stag=18, Time=0] Variable
Name it x Yy Reverse Start

Time (index) oo O Jo

MISSION bottom_top_stag (index) [mpm| Wt zs g
| OBJECTIVES, south_noth | (index) O O [ [
| CONSTRAINTS west_east (inex) wE O o =

FLIGHT GEl
e

FTIG

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

2.1.4WRF Feature Tool

The WRF Feature Tdgligure 10.0)eads in a WRF atmosphere binary file and allows the user to extract
variablesn ASCII formdor graphics. The tool also gera¢es additional variables from the WRF
variables that might be useful when visualized to find potential energy sources.
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e WRF hodel Yarisble Option secion, choose a variable o elact [or comput liom the WRF 30 filds Data tangss can be sel in the Data Rangs seclion. Another model option is o seaich for the
B Fresence of Maunkain Waves wing 3 siple e piat method. Clck Flun Model to ewecuts,
ncB
Fun Model =
SIMPSON WEATHER ASSOCIATES, INC.
WRF 1 @COPYRIGHT 2016, 2017
WRF FEATURE -
MINING TOOL

Figure 10.0 The WRF Feature Tool Main Screen.

The WRF variables to choose from are as follows.

1 The change in Equivalent Potential Temperature (ThetaE) as a function of layer thigkfixaa®

can bederivedfrom 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 itsiiateat, 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 gkt, 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 Temperatu(€)(ThetaE) can bderivedfrom 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 miaith 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 differenpressures thus provides a measure of thetédility of the column of

air.
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1 The Potential TemperaturéK) (Theta) can belerivedfrom the WRF File. The potential
temperature of a parcel of fluid at pressure, P, is the temperature that the parcel woultracq
if adiabatically brought to a standard reference pressure, usually 1000 millibars.

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

1 Wind speed (m/s) and wind direction (deg) candegivedfrom the WRF File.

1 Wind speed (m/s) and wind direction (deg), minus their average, catebeed from the WRF
File.

1 The change in the U horizontal wind component with the respect to the change in atm(sayer
1) can bederivedfrom the WRF File.

1 The change in the V horizontal wind component with the respect to the change inater(s
1) can bederived from the WRF File.

9 The change in the verticaklocitywith the respect to the change in atm. lay@rl) can be
derivedfrom the WRF File.

9 The change in the Temperature with the respect to the change in atm. (&YKm) can be
derivedfrom the WRF File.

1 CloudLiquid Water Content (kg/kgan be extracted from the WRF File
91 Profiles of vertical velocitym/s) can be extracted from the WRFile.

9 The average and standard deviatipt., 27 pt., 3 pt.bf the U horizontal wind components
(m/s) can bederived from the WRF File.

1 The average and standard deviati@pt., 27 pt., 3 pt.bf the V horizontal wind components
(m/s) can beextracted from the WRF File.

9 The average and standard deviati@pt., 27 pt., 3 pt.bf the vertical velocitfm/s) can be
extracted from the WRF File.

1 The average and standard deviati(@pt., 27 pt., 3 pt.pf the temperature(K)can be extracted
from the WRF File.

1 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
X\AMPTWRFilesBIN(test case Ruby Mountain 10/04/12 2020¥krtical 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 targefigure 15.0 is a 2D mulével example of the vertical velocity fields.

& AEOR Planning Tool (AMPT)
Screen Capture

SWALauncher Exi

WRF FEATURE MINING TOOL

C\ald\DWL_DATA_LAB\AMPT\WRFfiles\BIN'

_~ <« AMPT > WRFfiles > BIN » Search BIN

Organize » New folder =~ M @
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[ This PC Date modified Type DZ [s1] U Avg./SDev. (m/s]

I Desktop 3/31/2017 1042 AM  File folder Dz (1) C ¥ g 15Dev. [mis] £l
Documents @ DUMMVFILE dat I1/20172:22PM  DATFile 5] € W AvasSDev. (nfs] I
& Downloads 5] WRFinventory.ni 5/11/2017337PM  Configuration sett...
b Music 7] WRFwt_d03 2012_10_04 2000.nc.bin o/B/2014458PM  BINFile

] WRFwt_d03 2012.10_04_2010.nc.bin 9/B/20144:58PM  BINFile ds LWC (Karkal € Tenain(m)
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= My Book (G2) <= DataValie
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-

The WRF dala file chosen was loaded correcll. Defaull values are displayed in the WRF 3D fields bul may change onoe the modslis 1un il @ data 3.0 field file exst for the chosen WRF data sel. Under
the WRF Model Variable Option section, choase a variable to extract for compute] o the WRF 3D fislds: Data ranges can be setin the Data Riange section. Another mode option s ta search for the
presence of Mountain Waves using a smple gider piot method. Cick Run Model to execute

FRun Model Exit
SIMPSOM WEATHER ASSOCIATES, INC.
@COPYRIGHT 20ME, 2017

MINING TOOL L

Figure 11.0 Loading a binary WRF atmosphere file frensubdirectoryXx\AMPTWRFfilesbin using
the WRF Feature Tool.

Page | 13



Planning Tool (AMPT)

SWALauncher Exit Screen Capture

I —— . SRALI. =
WRF FEATURE MINING TOOL
/ ‘g WRF FEATURE MINING TOOL
- WRF INPUT FILE Option - WRF Model Variable Option
? ? X 2
HOW @ Single File 2 € Eq. Pot. T./DZ (K/KM) i e DU/DZ 1) 2 e U Ava /SDev. (m/s) Il
THI 2
openwRFFie | 7|  Eq Pot Temp. [K) 2l e ovozen 2l e v avassver s IR
2 2 2
WR 3 Fields © Pot. Temp. (K) Il © DW/DZ (1) L W Ava./SDev. (mds) 2
- #of Lats #of Lons #of Levels @ Vetical Velocity (m/s) 2 e DT/DZ (K/KM) i s Tavgssen () 2]
? ] 7 7 ? ?
WRF B 2= 2 @ 2 € WdSpeedins Di. (gl ] € CousLwCiona) 2 C Temsngm 2
FOF € WSWD minus Avg (sl (ea) 2| € W pofes (rvs) 2]
I o W
WH
- Mt Wa Data Rang
WR  wREMwave 2 & wvsa 2 € EnmDataRange 2  Ertor s <Dota Range | Ll
N ) - LowVaie <=DataValue
Tensin Thieshold (m) Mt Orientation (deg) | 2l | ]
2500.000 ? 0.0000000E+0C 2 e -
WRF COR Ll ki High Value >=DataValue
I 2l | 2
CON
| [The WRF feature Tool has fiished the run. The output data st has been witen to the sub RX_ASCIlin the WRFfies di araphing. Click EXIT to end the model
5
ncB

K SIMPSON WEATHER ASSOCIATES, INC.
WREF @COPYRIGHT 2018, 2017

WRF FEATURE|
MINING TOOL

™

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

file in the subdirectoryX\AMPTWRFilesGRX_ASQtr graphics
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Figure 13.0 3D @ph of the 10/04/12 2020Z WRF variable vertical velocity showing the areas of upward
vertical motion.
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Figufe- 14.0rop view of a 3D Graph of the 10/04/12 2020Z WRF variable vertical velocity showing the
areas of upward vertical motion. The histogramtmiisition of vertical velocity in the data base is also
shown.
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@Jré 15.0 A 2D mulievel example of the WRF vertical velocity fields for the Ruby Mountain area
(10/04/12 20202).

When running the WRF Feature tool, the user can choose tbasatdaries 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 atmospherdhg®n 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:

1 Wind direction within 30 degrees of the perpendicular to the ridge of high ground
and no change in direction with height.

1 Wind speeds at the crest of the ridge in excess e2Q%ts, increasing with height.

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

Using the WRF Feature Tool ttrct terrain and graphics can be used to determine the orientation a
mountain ridge as shown iRgure 16.0. With WRF wind speeahd direction, Equivalent Potential
Temperature profileterrain and mountain orientation information, the WRF Feature Toolfutes the
likelihood of Mountain Wave presence.
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Figure 5.0 WRF terrain for Ruby Mountain case 10/04/12.

2.2 Mission Objectivas and Mission ConstrainttMOaMC)

Once a user has explored the wind features and terrain from a WRF atmosphere, a missien ca
constructed for a flightThere are two simulation modes for the AM@hown in Figure 17.0JAV
simulations (main mode) and DWL simulation mode. The UAV simulation mode allows the user to
construct a flight mission by defining spatial and temparahstraints, UAV inputs, incorporating a WRF
atmosphere, exploratory flights to a feature area and running the feature flying EDC model, CASSY,

Ff2y3 GKS daSNITRKEaSYRE0SaGdASRABRIY SEIFYLES Ay
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Figure 17.0 Th#ission Objectives and Mission Constraints moigDAMC) main screen.

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

1 Under Simulation Mode, Run the AMPT for a UAV mission using EDC's CASSY model to simulate

flyingenergy 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 Migen File button will open up a directory tree to allow the user to load a
previously created mission file where the inputs arédaaded. The user may have to change the
directory to the one listed at the top of the load MISSION screen

LoadUAV 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 theyear (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 thassion 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, soath 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) fionithe 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 sufing WR
energy features. (Not incorporated at this time)

Under Aircraft, the starting latitude (deg) of the UAYV flight.
Under Aircraft, the starting longitude (deg) of the UAYV flight.

Under Aircraft, the ending latitude (deg) of the UAYV flight, post flyiregenergy feature. It may
be the same location as the starting point.

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

Under Aircraft, the starting altitudém) 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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1 Under Aircraft, the starting aircraft cruispeed (m/s)This input should be set to zero if UAV is
on the ground.

1 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 whieked a brief description will be
displayed. Figurel8.0 is a MOaM@ssagexample.
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EDC MODEL Choose a Simulation Mode for the &MPT (Default - L&Y option]. Choose a Mission File Name Option. The: default file name is MISSIOMNops dat. If this is an L&Y mission, load an L&y
CASSY specifications file fiom the inventory. Enter Temporal Inputs, Mission Liimts, Initial Aircraft Inputs, then Click Run Model button.
GEt

Run Model
SIMPSON WEATHER ASSOCIATES, INC,
@COPYRIGHT 2016, 2017

Figure 18.CExample 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 Fllaadload a UAV specifications file from the UAV inventory (FigQ:@and Figure 20.0)
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Figure 19.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 SHADI@W th&\subdirectory X\AMPTUAV
Inventory.

Table 1.0 below list the SHADOW UAYV specifications numbers. 1.0 is used for values yet to be obtained.
Table 2.0 below list the FW20 UAV specifarainumbers.

Table 1.0SHADOWJAV

Measurements

168 Wingspan (in)

134 Fuselage length (in)

24 Body diameter (in)

Weight

186 Empty weight (Ibs)

375 Maximum gross takeoff weight (Ibs)
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 agle (deg)
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