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This report discusses the approach taken to compete in the Association for Unmanned V
Systems International (AUVSI) Student Unmanned Aerial Systems) (@d#ggtition. From the outse
of the project the team maintained a systerangineering approach focused on mission requireme
and the overall concept of operations. The team adopted proven system components from pr
years, including the use of éhMultiplex EasyStar powered glider and the Ardupilot Autopilot.
improve reliability and to meet the current competition requirements, the team developed a
imagining system that includes a modified five megapixel GoPro HD Hero camera transmétjeg to
the ground station over a 5.8 GHz Ubiquiti Bullet radio link. Images are examined for targets of i
by both a human operator and using digital image processing tools. New autopilot code and a-c
developed grounestation user interfacenake the system reliable and easy to set up and operate.
system has numerous safety features, including astf® manual override control operating at 2.4 G
and an orboard flight termination procedure in case of a lost radio link. The enystem is powered
by three Lithium Polymer batteries that provide a 45 minute mission window. Extensive sof
simulation, hardwaren-the-loop simulation and test flights under competition conditions ensur:
reliable system that should provide critidatelligence, surveillance and reconnaissance informatiol
warfighters in the field.
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Certification of Flight

This certifies that Embaw A RRf S | SNR y | dzii A Ol fSurveifahcéREchiddisiadc® Bagle y (1 S
(ISREaglehas seer80 hours of autononous test flight to prove itsbility to accomplish the mission in

this yea@ SUAS competitionin addition, ISREaglehas completed 50 hours dfardwarein-the-loop

simulation. Thiswill help us to ensur¢hat the system isffective, safe, and maintains a standard of
technological integrityo mitigate any risk to the user, operators, or spsors.

Figure 1 - ISR-Eagle Landing

Introduction

For the Association for Unmanned Vehicle Systems InternatigAalVSI) Student Unmanned Aerial
Systems (SUAS) competition, EmBigdle presentsntelligence Surveillance Recomsgance Eagle (ISR
Eagle) The competition requires that the Unmanned Aerial System (g&$)rm an autonomous take
off, demonstrate waypoint tracking, search an area of interestd autonomouly return and land.
While the aircraft is in flight, it masdentify Table 1 - Reasons for the selection of each component

targets placed on the ground, and relay th Component _ Reasons for use .
information back to the ground in real time e el i
: . * Commercial Off the Shelf (COTS)

The targets are four to eight feet sizeand o Foambody
can be of any shape.The vehicle must - Ijghtweid\t
identify the background color and shapel R ¢ Cost-effective
alphanumeric symbol and awi the Global * Open Source 7
Positioning System (GPS) location, and tiskis ¢ Compliance with the ConOps
magnetic orientation of the target. The UAS Jabkdl 2 Absltﬁ:x‘toada_ptto-my autopilot
must also be capable of altering the flig : Bk :

T _ magery e All components are Commercial
path in air as waypoints are entered by theRSFEuEs Off the Shelf (COTS) products
user through the groundtation. Each part e Reliability

of the system was hosen based on the ¢ Cost-effective
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criteria shownin Table 1 Overall,the ISREagleteam at EmbryRidlle approached the problem by
designing and building the most cost effective and reliable sygtessible The desigrimplementsthe
Ardupilot Mega autopilot board foautonomous navigation oboard the Multiplex EasyStar powered
glider (EasyStaframe. The imagery system is based upon the -Eyavireless SDHC cards, and the
GoPro HD HERO 96amera.

Mission Analysis

Figure 2 - ISR-Eagle onTakeoff

The SUAS competition ConOps calls for a vehicle that can provide support to a Marine patrol as it
performs an intelligence sweep of the aredhe UAV must be foced on both autonomy and simple

user interaction with the systems interface. FromisttConOps, the team defined individual goals to
achieve the requirements of the overall competitiohedecision to use the proven EasyStar airframe
was due to its stability,superb flight characteristi¢csreliability and cost effectiveness These
characteristics weredemonstratedin test flights leading up tethe 2010 SUASompetition. Theteam
choseto focus on an improvedmaging system, higher bandwidth, more robustmmunications.an
upgraded Ardupilobased autopilot system and supporting softwar®ne critical improvement was the
ability to reliablyupdate waypoints from the ground.

A customized ground station was developed to enable the user to update waypoints and provide a more
informative user interface.The user now has greater control avéhe autopilot system than in any
previousdesign ThelSREagleteamRS G SNXYAY SR GKF G F O2YLX SGS NBRS&AS
system was necessary, including a more sophisticateftivare packageand initial inflight image

processing toassista human observer identifying targets in the competition. This allowed for the

vehicle to be intelligent in application and simple in its design.
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Mission Requirements
The aerial vehicle must comply with all of thpecified criteriafor take-off and laming procedures
which are as follows
1 Takeoff
o Fully autonomous
0 After takeoff the vehicle must maintain an altitudetween 100 and 750 ft. MSL
1 Landing
o Fully autonomous
o Controlled
0 Vehicle motion ceaseand theengineis shutdown
The UASlso must operatawithin the restricted airspace, while recognizing and recording data with
respect to targets positioned on the groundThe systemis required torecord the alphanumeric
character and color, target color and shape, target orientation, and the GPS waypdiatgets of
interest This data then must bdisplayedto the user through the ground station. Upon request, the
vehicleautopilot mustbe reprogrammable from the ground station to allowiight retasking.

Systems Engineering Approach
Table 2 - Task Chart for ISR-Eagle
Task Start Date Completed By

Flight Test: autopilot throttle control/ autonomous take off 26-Feb 26-Feb
Decision about camera to use 26-Feb 12-Mar
Preliminaryvision code written: capable of taking imafyem camera and

storing on computer 1-Mar 24-Mar
Flight Test: full vision system 1-Mar 28-May
Flight Test: autonomous landing 5-Mar 5-Mar
Flight Test: full autopilotapabilities airspeed sensor anGPS 19-Mar 19-Mar
Airframe box printed 28-Mar 1-Apr
Vision code: color identification and cropping of target 1-Apr 19-Apr
Flight Test: take images in flight/ remote trigger 2-Apr 2-Apr
Box wiring and connections completed 4-Apr 14-Apr
Flight Test: take images/ manual processing on ground 16-Apr 16-Apr
Airframe built 20-Apr 26-Apr
Airframe Ready 22-Apr 1-May
Flight Test:ake images in flight/ manual processing on the ground 23-Apr 23-Apr
Vision code: Bpha numeric processing and target orientation 28-Apr 14-May
Flight Test: trim new airfrae 30-Apr 30-Apr
Flight Test: target position and color identification 7-May 7-May
Flight Test: on board image processing 21-May 21-May
Flight Test: final systems check 4-Jun 4-Jun
Flight Test: final test flight procedure practice and full systenegich 11-Jun 11-Jun
Journal paper due 23-May
PLANE READY FOR COMPETITION 12-Jun
Gompetition check in 14-Jun
Hight day 1 15-Jun
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The competition demands that the aerial vehicle batonomous, and while user interaction is
permissible should be imited. This requiredthe further developnent and testng of the Ardugot
Mega system so thats performance isconsistentand reliable In previous years, the team spent a
significant portiorof our time and effort on the development of our autopileystem.

With a systems engineering approachetteam divide the group into severasub teamsin order to
more effectively manage the workload and goals of the competitiGeneral group meetirgpccurred
once a week In these meetingseam leaders aitlined the tasks completed to date and set goals to be
accomplished for the following weekThis kept the work attitude dynami@nd it allowed active
participation in the project by all members The focuswas keptstrong by a very specificand
manageale task list shownin Table2. These meetings were vital to theuccess of théeam in
accomplishing the goatsf the mission

System Overview

The airframe platform othe ISREaglefor the 2011 SUAS competitida based upon the EasySta
platform that has proven to be easy to fly and effective in previous yeltade of Elapor Foam, the
EasyStaprovides a lightweight, portable and highly durable solution compared to the previously used
airframes. The wingsand body of the plane have been reinforcedcompensate for the increased wing
loadingof the onboardavionics and imagery payloadhe payload bay has also been widened and an
additional access hat¢lshown in Figure, has been added As a result oextensivetesting, it was
found that the autopilot preformed much better in both level and turning flight with the addition of
ailerons.

Figure 3 - The payload bay of the EasyStar
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The unmanned aerial system (UAS) consi$tiour main sutsystems namely, Mechanical, Autopilot,
Imagery and Ground Statio.he Mechanicadubsystemconsistsof the airframe,the propulsionmotor,
Electronic Speed Controller (ESC) and the semvbgh move the control surfaces. The autopil
subsystem consists of the Ardupilot Mega with the Inertial Measurement Unit (IMU) shield, the GPS
unit, Xbee 900Mhz radio, airspeed sensor, and magnetomefbe imagery system consists oGaPro

HD HERO 96fbntaining an Eyé SDHC card instead otandard SD card, a Planex Mini Router, and a
Ubiquity Bullet 5.8 GHz RadioThe ground station includes a notebook computer with custom
developed software and communication links. A diagram showing the avionics and imagery systems
provided inFigure4.

Battery
[[— — — = |
v | v \
- 2 Rout
ESC < =] Ardupilot Mega [¢—"—" | OL; er
S () | | |
% ) Radio Control | | ™ Ubiquity 5.8 GHz
Motor | 4 GPS F;ez‘z‘l’_ler i Radio
| . z -
| |
. | - -
| | 900 MHz Radio - Eve—fISE,>\HC Card
Servos € - — | |
4~ Airspeed Sensor |
i GoPro HD Camera
'— Magnetometer

Power Connection )

Power and Data

Connection T

Figure 4 - Airborne Systems Diagram

The autopilotsystemthat was chosen for the competition the Arduplot Mega with the Inertial
Measurement Unit (IMU) Shield attached@his autopilot was cleenbecause it is effective, inexpensive,
non-ITAR controlled, and mognhportantly, it hasan opensource architecture.With the 2.0 software
update, the Ardupot Mega is capable of meeting all mission requirements, including the dynamic
upload of waypmts and the ability to change the search area while in flighte Arduplot Mega also
communicateswith a standardized protocol, similar to the Joint Architecture fomanned Systems
(JAUS) protocdlOpenJAUS, LLC, 201@lled MAVIink This creates a reliable systems interface. The
team implemented the MAVLink communication protocolto use a standardized and open
communication systemwhichenabledgreatercontrol over he UASduringflight (Meier, et al., 2011)
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The imagery system used on iE&gle has been chosen to be as reliable and as cost effective as
possible. The design of the imagery system is centered on the uséigh-resolution digital camera
and anEyeFi wireless SDHC cdfelyeFi , 2010) This card alloved usto select froma variety of offthe-
shelf point-and-shoot camera and establish a communication protocol between the aerial system and
ground station processing softwardhe GoPro HD HERG0Zamerawas chosen for the mission due to
its small size andlurability (GoPro, 2010) This characteristic made it a good choice for fligfto
transmitthe images over the great distances requirdtere is an onboard roetr. This proved to be the
most reliable and effective solution for transmitting the data between the vehicle and grodrok
onboard router is connected to the Efiecard through a wireless connection atwa Ubiquity Bullet
5.8 GH radiothrough an Ethenet connection. The radio then transmits the images to the ground,
where the images are processerthis systens shownin Figureb.

4L 4L

BuiiET T :ij -”))) (((.-) rahies 12

Ubiquity Bullet 5.8 GHz

Planex Mini Router

T Ubiquity Rocket

802.11n

®
=
=
1

GoPro HD Hero 960 and Ground Station Computer
Eye-Fi Wireless SDHC Card

Figure 5 - Imagery System Overview

In addressing th&€ConOpgiefined by the competition,afety was also a defining factor ingldesign and
construction of our UAS. The system was designed with multiple manual overrides that directly take
back control of the aircraft should something go wrong with the autopifbeground stationoperator

has the ability to manually override thveaypoints from the ground while the plane is in.aiin addition

the operator has the ability talisable the autopilot operation and switch to fiadcontrol at any time.
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As a further pecaution the system may be shut dowas well This initiates a statard flight
termination procedureTheairbornesystem is designed to be small and lightweight to lessen the energy
in the event of an impactin addition, thefoam body of the EasyStar allows the energy to be dissipated
by breaking apart in the event @f crash. Thisalsominimizes damage to thternal components. To
ensure safety of operators and spectators while the vehigl® operation an testing, a clear flight
checklistwas developed ands consistently obeyed prior to any test flight. Thisnsisted of a range
check of the signals, clear communication between the operator and ground station monitor of the
vehicle, and the obvious clearance of the vehicle to any person or object. These openaovsl|
trained andhavelarge amounts of remoteontroller flight experience that range frofitight simulator
hours to actual flight experience. All new membare well trained usingrainer flights, while tethered

to an experienced pilot to familiarize them with the system and their ability to takensand of the
vehicle in the event of an error.

Airframe

The almostreadyto-fly Multiplex EasyStgprovides a lightweight, portable and highly durable solution
compared to the more conventional balsa and monokote airframes and regpensive composite
solutions. Figure6 shows the top view of the EasyStar in comparison with two similarly capable
airframes, the Hanger 9 Ultra Stick and Senior Telemaster, combined with the specifications of each
airframe.

Multiplex EasyStar

EasyStar - Wingspan: 54"

Multiplex EasyStar
Airframe Weight (Ib) =15

Fuselage Length (in) =35

Wingspan (in) JE— Ce—
Wing Area (sq.in) 372
Power Source - Electric
Manufactured Material.  Foam

Figure 6 - Airframe Comparison Chart ISREagle Padeof 18
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The body othe EasySir has been modified to compesi® for the increased weight of the avionics and
to improve system reliability The first modification was to increase the strength of the wings, to
increase the life of the vehicle. This was needed due to the increasgdaedding on the aircraft due to
the added mass of theystem. Thepayload bay on the EasyStar has also been widened to allow room
for all the mission essential equipmentAnother modification made to the basic aircraft, was the
addition of ailerons tohe wings. The autopilot maintained better flight stdlly with the addition of
these control surface. The EasyStar remains in the hand launch and belly landing configuration. This
configuration increases the operationateasof the platform byeliminaing the necessity o paved
runway and requires only a small area take offand land Another benefit to the EasyStar design is
that it isa Commerciabff the Shelf (COT®yoductand is sold in a readp-fly configuration, so in the
event of an addent, the airframe can easily be replacethe foambuild allows for small repairs to be
made allowing theuser to solvethe minor damagedhat occuis with routine use. Overal| the vehicle
design is robust and manageable for both transport and flight.

Motor
ISREagl€© & is poered by the Hite SixSeries Brushless 2700Kv Motofhe electric motorwas
selected overan internalcombustionenginefor the following reasons
9 The electric motor causes less vibration in the airfrapeducing superioimage quality and
mitigating the possibility olamage to internal components anairing connections
The electric motor causdsss stress on the airframe due to vibration
The electric motor is moreompact
The hicleis easier to controlinder eledric power
Electric motors do not produce emissions that can fog camera lenses.

=A =4 =4 =4

The possibility of electromagnetic interference due to motor noise was minimized by keeping sensitive
electronics away from the motorTo complete the systenthe Eflite Sk-Series Motor is connected to a
Castle Creations Phoenix 54 Electronic Speed Controller (E$) alglo contains a threAmp Battery
Eliminator Circuit (BEC)This circuit alssuppliesthe power fran the battery to the autopilot. The

motor and ESC aralso both COTS products makingm reliable and cost effective

Battery

The UAS is powered by a CALSL Volt,5300 mAh Lithium Polymer battery.This battery provides
power to all components of the aircraffThs specific battery was chosen based wpihe needs of the

electric motor and the range required by the missidBattery voltage is monitored by the autopilot in
flight and relayedo the user through the grounstation.

Inthe event that the battery voltage drops below a safe threshold ofrapen, the operator will regain

radio control of the vehicle and safely land it as soon as possllenitigate this problem, the batteries

are carefully monitored for overall safety, and the voltage was checked and recorded prior to each test
flight. The batteriesare clearly labeled and charged following any testigl flightsare recorded with

the number of the battery to keep careful logs of all equipment to ensure that it is not only safe but
reliable for flight.
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Autopilot

IREagl€ aseof the Arduplot Mega with the IMU shields the integal part of our autopilot system is
based upon many design considerationghe primary reason is theost effectiveness of the Ardilpt
Mega. When compared with other autopilots it is easy to see the miference, the Ardpilot Mega
costs only $350, while the other option that was explored, the Cloudcap Piccolo PlusfG@a@sCloud
Cap Technology Inc, n.d.)n addition to being more cost effective, the Ardupilot Megaliso much
smaller in sizeand weight Figure7. The Ardupilot Meggrovidesa very stable founation for the
autopilot system which was rigorously testedEach week a flight test would focus on an integral
component of the cod and refine the software to ensure that it would operate effectively in
competition. This allowed the team to not only become very familiar with the softwane, more
importantly, it gained a strong confidence in the design overd@kery alteration tothe code was
thoroughly checked isimulation andlight testingto prove its effectiveness in the system.

Figure 7 - From Top to Bottom: Ardupilot, Ardupilot Mega, Piccolo Plus Autopilot System

Sensors
Part ofthe incentive to using the Ardulpt Mega autopilot was the ability to use the IMU shield as a way
to integrate a variety of sengs into the system. Witkhis, the vehicle can consult the data supplied by

ISREagle Padd of 18
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three-axis gros, threeaxis accelerometers, and a barometric pregsand temperature sensor.In
conjunction, these sensors contribute data to coordinate ttwerect level of thottle to maintain a
steady and level flight.In addition, the IMU shield has the potential to be conipl with several
sensors that aremployed in ar autopilot system includingreairspeed sensowrhich helps to maintain
stable flight a GPS univhich allows br the navigation of waypoinfsa current and voltage senswahich
monitors the battery levelsand a threeaxis magnetometewhich helps in the accurate identification of
G§KS G NBASdriensatio - 3y SiG A O

Communications

The Arduflot Mega comnanicates with the ground through a 900 MHz radio liging the MAVLink
protocol. This link transmits all the information that is requested by the ground station during flight. In
standard configuration, the system will send attitude, GPS and current awatypformation to the
ground station, where it is translateahd displayed to the operator, in an easy to use visual disflhis
communication system also allows for tmy communications as required by the mission.

MAVLInk is a standardized proticthat is able to communicate with multiple UASs ofyitag types

This allows thause ofa wide range of autopilot systemsithout the need to switch communication
standard or ground statios. This includes the support that comes along with the openrse
communications standard. This communication protocol is similar to the JAUS communication standard.
This protocol allows aypointsto be directly sebn the 3D magMeier, et al., 2011)

Ground Station

Control Tab Instruments Tab

Comtol | tnomasts | Mao | Worpoms | Tesrmeoss |

AW DOIOL AW é
IOQO oo @ > @ |

Test and Debug Tab

Contot | inimements | Moo | Warpoess | Teroesus |

g | jl::lw PN Marnaal Yo Mamusl Trvit Maocat
L o s

o L2

L sy || commana |

G e Nonpeicn e =
AL SOSORSTATIS CuANECONTROUSOSIOMITIUOE vk v 0| oo | unaar || mowslo e
o acs Cu e OO Vokage M‘A;m‘n—-wm Waypors Teomme Wayponts
fo Jo__ el

Figure 8 - JEDI Ground Control Station

One of the requirements for competition identified by the team was the ability to relay information
regarding the flight in a simplistic and highly interactive user controlled environméfith regards to
both safety and ease of operation, the team aimed to create a gratation that would allow the user
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to maintain complete control of the vehicle while in flight and possess the ability to delegate that
control to a remote controlled operator or allow foruebnomous flight. The team also wanted to
ensure that the user was presented an adequatisual representation of the aircr&#td Ff A 3K
performance. Through the testing of already developed ground stations that support the MAVLink
protocol it was determied that they would not be suited for the missiorfter determining this, we
began development our own GCS, in order to accomplish alfehairementsof the mission. The
autopilot onboard the aircraft sends data to the Ground Control Station (GC8h displays it to the

user. TheJedi EmbnRiddle Drone Intdace (JEDI), as seenkigure8, provides the team with the
functionality to monitor and control the mission during flighAs opposed to a preonstructed ground
station, the specific creation of the JEDI ground station allowed the team to address the specific aspects
of the mission regirements, such as the #masking while in flight and the display of tHéght
instruments to the judgesJEDI is capable of vislyalisplayingthe aircraftlocation onaccurate satellite
imagery of the location, Hilight re-tasking and the functionality to show the losscoimmunication and

the definedlandingzone It also had the ability to update waypoint data on the UAS wihikein flight

which isa significant portion of the competition that the team had not been able to develop in previous
years JEDI includes several safety precautions to protect the welfare of the operators and spectators
during flight testing and actée reconnaissance. While several fail safes ekisvithin the code
themselves, including a termination command in the event that the vehicle loses radio link while in
flight, it is important that the groundtation operator possess complete control ovee thehicle at all

times and can determine the decision to terminate the flight in the event that an operator, official, or
spectator deems the flight plan unsafe or potentially destruction to the vehicle or environment in any
way. JEDI allows the GCS operato override the autopilot, andestorethe UAS into manual control.

As even further precaution to failsafe coding already in plabe, GCS operator can also send a
terminate flight command in the event that thRemote Control (RAdjnk is lost and th built in
termination fails to activate.

Imagery System

The imagery system onboard the UAS consist@bBro HD HERO 966ntaining an Eyi SDHC card, a
Planex Mini Router, and@biquity Bullet 5.8Ghz Radi®ather thara standardSD card, the Eyie SDHC
card integrates the camera with the network systaipwinga data transfer through a wirelessuter,
between the target images and the processing computBEnese components were chosen on the basis
of cost effectiveness, durability and reliatyili In addition, the GoPro offered the additional benefit of
its lightweight desigmnd separate four hour batterynaking it not only suitable but manageable for the
GSKAOEt SQa LI &t2FR®

Camera and Eyefi Card

The Eydi card allows for any camera with &@DHC card slot to be utilized on board the UA%e card
wirelessly transmits the images that are taken by the camera to the designated compLies.was
determined to be the most cost effective and versatile system availabies design decisions is
particularly unique for the versatility it offered to the systemThis design choice mmodularin that

sense that it allows for the contingency that a new camera could be necessary at some point in the
testingthrough the use of the EyEi SDHC Cardrhe GoPro HD HERO 9&0ightweight and rugged,
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while also remaining a cosfffective decision overallThe only modification to the standa@oPro was
the swapping of the standard 17@ield of viewlens with a 70lens. This was changed due to the fact
that the wide angel lens gave a distortédage of the groundrequiring extensivecorrectionand also
lower the altitude required to achieve theesiredpixel density. The camera along with the Eyiecard
FNBE O2ydlFAYySR GAGKAY
isolates the visions systems, mitigating the potential of damage to the components in the event of a
seriouscrash during testing.Further mitigating this risk the use of a wirelesstwork eliminated the
necessity for a physical link between all of tomponents.

4x4 feet Targets at 150 ft using different resolutions.

rdésiStantCrémovaig: palycartbnaie SAdinghsR O NI a

320x240

Target Pixel
Density: 6x6

320x240

Target Pixel
Density: 7x7

800x600

Target Pixel
Density: 16x16

800x600

Target Pixel
Density: 17x17

Figure 9- Pictures of test targets to determineninimum required pixel density

TheGoPro HD HERO 9&(kes al280 X 960 pixemage every two seconds. Th&80 X 960 pixemage
was specifically chosen as the best compromise betweematssof datatransfer andthe requred pixel
count needed in order for the targets to be identified accurately order to effectively process the
target image and determine the identifying characteristics, especially the alphanumeric chartaetes, i
determined that a grid of 16 by lfixels over a four foot target would be require@he team arrived at
this decisiorthrough the results ofesting, the results of whickare shownin Figure9. This system also
has the ability to buffer the pictures that are bgitaken on to theEyefi SDHC carih the event that
communication with the vehicle is lgsafter the communication is reestablishetie pictures will
continue to transfer the ground computer

Router and Radio Link
In order to transmit the images capted by the camera to the ground, we are using the Planex Mini
Router, and aUbiquity Bullet 58 GHz radia The Planex Mini
Routeristhe @ NI RQa aYl tf Sald yandicanbey
seen inFigure10, whichallows it tobe easily fit on the UAGayer |
Four Solutions, n.d.) The router is then wired to thdJbiquity

Bullet 58 GHz radiothrough an Ethernet connectionThis is then
connected via a wireless link to the ground whexeUbiquity

Racket 5.8 GHzadio is set up attached to another router éuthe

ground station computersA diagram of this system can be seen
FigurelO.

Figure 10- Planex Mini Router
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AUTONOMOUS SYSTEMS

Imagery Ground Station

In the current imagery ground station the targets are identifigcthe user as they appear from the
communications linkIf a target is identified in the photo the image is saved for post processing. Once
the images are atkeceived, they are analyzed and the user identifies the six characteristics as is required
by the competition requirementsThe pop up target is also identified by the user.

Testing

Testingis a vital component of the vehicles developmenthe team worked to identify each of the
mission requirements and focus on each one specificdlly.ensumg that the team successfully and
effectively met the mission requirement during a flight test before progressing to another requirement,
the vehicle developed logicalBnd in a timely manner The testing proved to be valuable because it
allowed for theproper trimming of the aircraft.In Figurell, it is easy to see that thautopilots ability

to track waypoints is drastically better when the aircraft and autopilot are properly trimmed.

Google L‘.O\)gk'

Figure 11- Untuned Autopilot (Left), Waypoint Tracking after Tuning (Right)
The team used both static and dynantésting to evaluation the functionality of the systenttatic
testing included repeated Hardware lthe Loop(HIL)tests to evaluate the overall reliability of the

systema screen shot of this testing can be seerFigurel2Error! Reference source not found.This
further ensured our confidence in the vehicles safety before flight.

Figure 12 - Hardware In the Loop Simulation
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