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ABSTRACT

This documenpresentsanalysisand documentationf SUAS AnadoluTe a m@nsmannedAir System (UAS),
namedMarkut, which will be participahg in 2017 AUVSI SUAS Competition. Thesystemis a steady and
versatile platfornwhich performsrequiredaerial missions including autonomous flight, ground object detection,
air deliveryandvirtual obstacle avoidanc&hesystem, itself, and itdevelopmenprocessaredescribed in detail
under four mainsections of this document: (8ystem engineering approad®) system design(3) test and
evaluation planand (4) safety risks and mitigationThe test flights show that the presented descriptions are
achieved by successfully incorporating accurate platform installation, mechdeatsyrécs boards, telemetry,
and flight and image processing software.
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1. SYSTEM ENGINEERING APPROACH

1.1. Mission Requiremens Analysis

The 2017 AUVSI SUAS competition rules are requirat all of theindicatedmission tasksnust be performed
automaticallyin a given time limit. Consequently,ite UAS was designed to maximittee task accomplishment
while minimizing development and safety risks.

Within the mission tasks analyspgeriod, the first step was perform a selassessment in SUAS Anadolu Team
in orderto define which mission tasks could be attemptétin our team knowhow and abilities

According to the teamds capabi lpiofitiiedaccordingdo thdadlavmg r ces, t
factors:

1 ScoreeTasks were arranged by the competshawelighedbs scor i
priority.
1 ExperienceSUAS Anadolu Team has been researchimgjdeveloping unmanned systems for four years.
Thet eam i s expected to benefit from previous year s
1 Challenges:The (old and new)challenges of the missions were consideaed ranked The high
challengamission tasksvere assignelbwer priorityin order to maximize éitiency regarding workload,
effort and time

Regardinghese factors, it is decided to attertip following missions and tasks

1 Autonomous Flight All tasks

I Obstacle Avoidance All tasks except Moving Obstacle Avoidance

I Object Detection, Classificatiphocalization (ODCL) All tasks except OffAxis
1 Air Delivery

To completeeach of the abovehosen mission taskyvery task is considered as a ®ylstem to be separately
designed, placed on the UAS, and connected t&thend Control Station (GCS) &dlows:

1 Autopilot Subsystem

1 Imagery Sib-system

1 Communication 8b-system
1 Air Delivery Sub-system

According to the above indicated ssistems,le development process of the UAS desigas divided into parts
asillustratedin a flow chart format ifrigure 1. The overall development of the flow chadnsists ofhefollowing
steps:

Analyzingmission tasks requirements, defining tradeoffs and selecting mission tasks.
Determiningthe subsystens and theirequirementsselecing hardware components.
Designing developingand embeddinthe software oéachsubsystem

Determining the airframe requirements and designing or selecting the airframe.
Testingthe airframeand subsystens.

Integratingsub-systemsnto the airframe

1 Performing missiomlemonstrations and providing feedback to the design process.

=A =4 =4 -4 -4 -4

In the finalstep, aroptimization process alsostared In this process, the stdystems layout of the air frame
wasaimed to achieve operabilitjodularity and accessibiliip terms othardware component§he optimization
was performed both by individual and integrated testing of thesgsiiems.
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Final UAS Design — performance

Figurel: Flow chart of development process

1.2. Design Rationale

SUAS Anadolu Team consists of ten undergraduate studentsviidous departments of engineering faculty
(computer engineering electricalelectronic engineering material scienceand engineeringand faculty of
aerospace engineerings explained in 1.1based on the mission requirement analysis, thesgatems were
specified and each systénsequirementsvere determinedTo satisfy these requirements, by considegagh

teamme mber 6s g,utlzel teamwas dividedoimtiasfour subteams (1) autoplot, (2) imagery, (3)
communication(4) structural. We shortly explain the aims of these ¢ebms as follows.

Imagery subteam: The team has two fundamental duties. The first duty is tbpep selection of imaging
equipmentsTo capture images in satisftory quality, for detection of the objeethile airborne different camera
options were considered. According to the budgeteasy accessibilityy DSLR and a compact imaging solution
was proposed he second duty of this stibam is thernplementation of computer vision. Various target detection,
outlier detection, shape and character recognition modules are implemengdn®mand irbase pedrmances

of the algoithms are considered.

Communication sulbeam: The imagery system and intgrerability task require a communication network
between the UAS, the GCS interfaces and interoperability server. It is a requirement that an onboard computer and
datalink should be placed on the UAS soft-triggeringthe @amera and transféng capturedmages to imagery

systend sprocessing interface Additionally, there should be aommunication network that provide
communicatiorbetweerthe GCS interfaceand the interoperability server
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Structural subeam:Imagery and Communication systems reqaireertainpayload capacity and large fuselage
volume.However the time limit and effect on the scoring formula has compelled us to design an optimal high
fixed wing aircraft to satisfy these requiremelnyscarefully locating the space for payload comperits inside

the frame. Flight and landing safety issues are also taken into account.

Autopilot subteam:According to the choice of the airframe design and the requirements of the autonomous flight
mission tasks, there should be an autopilot system placgde UAS.Furthermorgin orderto satisfy all the
requirements of the autonomous flight mission, there should be additional sensors (e.g. range finder sensor for
autonomous landing) placed on the UASe subteam carefully implemented the embeddedpilivt system

with all necessary peripheral connections.

Apart from these four suteams, the integration and coordination was supplied by the team captain. Scheduled
meetings and tests are performed. Various debugging operations are performed. For, éxampleoncluded

that the electronic boards of saigstems must be electrically isolated with separate battery supplies in order to
avoid interference and power discontinuities.

To summarize, the decisions which led to the final UAS design were wmidklehe benefit of hindsighby
consicering the team capabilitieresourcesand testsAs a result of the decisions, the final UAS design was: A
high-fixed wing conventional tail aircraft which casthe required hardware of tlselbsystemsas payload

1.3. Programmatic Risks and Mitigations

It is a welkknown fact that every manufacturing processomputer prograras risks whichmay becaused by
possibleUAS designflaws, engineering faultsmaterial incompetence, or implementation bugre the critical

thing isto analyz the risks while minimizing engineering faults and optimizing the UAS design. As a résult o
the analysis, the risks for each sapstemwere determined and mitigation methods were develofeble 1
represents the risk factors and corresponding mitigation methods with their impact levdilsetmabd of
occurrence.

Tablel: Programmatic risks and mitigations
Risk Factor Description Likelihood Impact Mitigation Method

 If the UAS would be in ar
observable range, the pilc

Combustion motor may sht takes the control of the UA!
down itself when aifuel immediately to do ar
=leflgE i lbaleilela | mixture cannot support engin . . emergency landing.
. . . . Medium High : .
during flight sufficiently. There is no way tc 9 If the pilot would not be in a
activate it again  while position of taking the contro
airborne. and landing, the UAS woulc

be forced to flight
terminationin fail safe node.

1 Separateand isolatehe sub
systems power supplies
according to their powe
consumption.

1 Provide battery capacit
more than needed.

1 Check battery health an
power in preflight.

Supplying the aircraft contro

servos and the electronic

systemdrom the saméattery

source could causefailure Low High
and/ormalfunctionon the sub

systems. (e.g. autopilot syste

failure)

Electronic power
system failure

1 To avoid and/or fix the
deformation, the cables ar
sockets are renewedery ten
flights periodically.

1 Check the cables and socke
in preflight.

The externally  mountec
sensor so conrtr
and/ or socket Low High
may give malformedr nodata
to autopilot and cause failure.

Autopilot external
sensor malfunction
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While integration of the sub
systemsbé6 har d
airframe, the process may
cause structural weakness¢
This weakness may bring q
critical damagesluring flight.

Loss of stuctural

Low High

component

2. SYSTEM DESIGN

2.1 Air frame Design/Selection

During integration of the
hardware of the subystems,

structural ~ supports are
applied to the weakene
parts.

Structural subdeam were

trained for fixing the broker
parts in sshorttime.

As aresult offimissionrequrements analys@ severakrequirementdhave beemathered in order to decide the
airframe type Eachrequiremenimposes its own advantageous and disadvantageous airframe charactgristics.
was decidedhat the payload (consisting of the wetgbf the subsystems hardwarenechanical manifolds, and
drop payloajlwould be approximately 4.5 pounds. In addition to the payload, it was determined ihzagirey
shutterfrequencyis needed to be between BB5 fpsfor optimum image capturingincethe ground speed is
determinedvia the frame typethe endurance is considered asi2B5 minutes for a successful mission. The

sufficient internal volume was considered as the last requirement.

Rotary and fixed wing airframegs well aselectrical and embustion powered motors were considefed
airframe type Based on the past experienc@figh wing, combustion powered, conventionataiftaircraftwas
decidedto be usal in the competitionWhen all therequirements giveabovewere consideredt wascalculated
that theairfframemusthave approximatelyl.757 2.0 Ibs/ft?wing loading and0.12 hpAbs powerloading.

The structural sueamevaluatel the manufacturingost of the airframawvhile alsodoinga market search to find
a readyto fly frame which satisfies the requiremenanufacturing the airframe wasbserved to beostly and
risky because of the capabilities and resources of the #eaeady tofly airframe is alsdound convenient for
test studies because of the spare partshwtambe easily purchasddom the marketThe market investigation

showed that the Trainer 60 ai

rframeds

CTheperegettingt i e s

a Trainer 60(and modifying its inner parts according to the payload arsdion requirements) wawreferred

instead of manufacturing the airframe.

The overall dimension and some payload placement are shdviguire2.

6.19ft

4.82 ft

L

1

\

== 7““ :|1.09 ft

088t —E\!FE —

2.36 ft

Figure2: The dimensions of the airframe in feet
Table2 shows the specifications of Trainer &dframe

Table2: Specifications of the airframe

Aircraft Dimensions

Main Wing Vertical Stabilizer Horizontal Stabilizer

Span 6.19 ft Span 0.80 ft Span 2.36 ft

Chord 1.091t Chord 0.06 ft Chord 0.07 ft

Area 6.75 ft2 Area 0.05ft2 Area 0.17ft?
Aspect Ratio 5.64 Aspect Ratio 1.28 Aspect Ratio 3.6

Anadolu Universityi SUAS Anadolu

Length 4.82ft
Width 6.19ft
Height 1801t
Weight 12.57 Ibs
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2.1.1. Improvements and Modifications
While integration of the subystemsnto the airframe, some structural -
modifications have been tailoredn order to placethe hardware ,'
componentswhile making these partmodular and edly accessible '
Clearly,the conventinal Trainer 6@ramewasnotdesigned for carrying
payload they arejust for training purposes. Thereforespecially the
wing and fuselage connectidwereneeded to be reinforced because "' &
the extra weightoming from the sulsystems hardware.

In order to use this frame for our purposethe following |
adjustments/improvemenigereperformed.

1 Relocatingservomotorsandlinksfor extra internal volume

1 Adding landing gear strut between aft landirggars for
structural improvements.

1 Adding wing strut(Figure3) for structuralrobustness

1 Adding wooden construction supports specially enlarged
areas for structurabbustness

1 Enlargng the fuel tank fobetterendurance and power system improvements.

Figure3: Wing Strut

2.1.2. Propulsion System

The recommended propulsion system by the producer company of Trainer 60 was a .91/dtsoke/ @ngine.
The calculations and test resultéth the increment of the total weight of the airfrafferced us to consider more
powerful engines to gain moo®ntinuoushrust,stableflight andmaxinum climb gradient.

In line with the pr opul s eéengime withel8t prapalenwas anslyzedtatdehoses F S U
It is a 4stroke enginavhich deliversanoutput powerof 1.77hp at 10,000pm and meets the requirements.

2.1.3. Summary
The final aircraft system performance and characteristicgrasentedn Table3.

Table3: Performance and characteristics of the aircraft system

Figure of Merit Propulsion System Velocity
Wing Loading 1.81bg/ft? Motor Power 1.77 hp Stall Speed 46fps
Power Loading 0.3 hp/lbs Propeller Size 13x7 Cruise Speed 65fps

2.2, Autopilot System

There are several types of autopilot systemsddiabeused to control UASsuch as Pixhawk, APM, CC3D, Exle
Brain, etc. APM and Pixhawk wegrimarily considered by usecause aheir accessible and well documentations
and thet e a paét &xperience®\PM is one of the most common flight controfi@nd it haseveraladvantages
such agjood cost/performance ratio aedse of usaBesides APM and its components are quite accessible in our
country. For these reasons, APM controllers usedn the last two competitions thtite team attende®espite

the listed advantages, APM Isaa few drawbacks that force the teaomsider alternatives-irst of all, it is a
discontinued board which meattstits last firmwares alreadypublishedand there will be no longer updates for
fixed wings.Moreover, the APM plan firmware does not sagpexternal rangefinder sensoBecause othe
mentioneddisadvantagesf APM, Pixhawk autopilot systemwas eventuallychosen ashe UAS6s autopil o
systemDespite the relatively limited experience of our teBmhawk haserysimilar usage advantages to APM,
and it is widely adopted by the sociely.addition its safety switch and led light enhances the safety and ease of
use.The last (but not the least) important advantage of Pixhawk is its &eiogen sourcapplicationthatallows
making changes in its source coldenablesis to modify the interface according to the mission task requirements
and our optimizations

Anadolu Universityi SUAS Anadolu



The flight is designed according to thMission Planner applicatiorwhose Flight Control Interface (s as
shown in Figure 4This interfacewas usedor plaming and monitoing the flight in Ground Control Station
(GCS).

0,61 1178225

Figure4: TeFIiht cbntrol interface

2.3. Obstacle Avoidance

Obdacle avoidance iachieved byletectingpredefinedbstaclsin flight route andaccordinglyupdating theoute
to not overlap with the obstaddf there is an obstacle on the route betweenwagpoints the problemcouldbe
solved in two ways.

The irst solutionfor this problem wascreating three
new waypoints. Two of themplacedon the flight route
before and aftethe obstacle and the last opkaced
perpendicular to the flight routat a shift distance
corresponding to no lineawoverlapping between B
obstacleboundariesand new two path The alvantage
of this solution was that there were less waypoi
neededo be reachedand computational requirement
are low. However, necessity ofsharp turnsand
relatively far way point insertionswere major
disadvantages of this solution. Example of thisitson isillustratedin Figureb5.

Figure5: Example of the firssolution

The secondsolution for this problem wadividing the
flight path intosmal partsby addingseveralWwaypoints
(as shown in Figure6). Each waypoint position waSioue] ooy % S
calculated while airbornas long asany overlap was BS99 o s S
detected betweethe waypoint and the obstaclBuch :"‘z‘”°::’:'5:‘>. ..4"“' Y
waypoint additions continugéo make sure that all =2

waypoints were outside the obstacl@he minimum
distance betweenng waypoint andthe center of the §§
circular obstacleareamust belarger than the radius of
the obstacle sthat the UASwould not fly inside the
obstacle areaKeeping the waypoints closer to the original route and requiring smoother maneuvers are the
advantages of this solution, whereas higher computational complexity may be considered as a disadvantage. Our

hardwards expected te capable of making thesdaaations in real time.

Figure6: Example of the second solution

There are also moving obstacleattheed to be avoided in the missiditne abovesolutionswere initially able to
satisfy the requirementsHowever,the algorithmhad to consider arextra computationof the altitude of the
wayponts. Since the moving obstaclegre freely moving sphereghe first andthe second solution must be

Anadolu Universityi SUAS Anadolu



applied to the altitude of the UAS in thrdamensional spacevhich is found to be a challenging problem. This
challenge will be considered asecondary problem in the forthcoming days.

Regardless of which solution approach is preferred, in ordere@mte dynamic routesn algorithm must be

developed whicltalculatesand sets the next waypoint continuoustyreal time In the FCI that the teanuses

thee 1 s a f eat urwhichallawslruenihg piitt®cprogrants soccontrol all dynamiad the UAS.

Right now, he first solution algorithnwas successfullyimplemented and testeéndt he second sol ut
algorithm is being developddr better results.

2.4, Imaging System

Since the object detection, classification and localization missi~»
requires no human assistance for autonomy points, our tearn ¥ m_..@
created a fully autonomous system, written in C++ for hi
performance. It automatically stds when the UAS
geographicallyenters the search area.

The system consists ddur main componentsas illustrated in

Figure 7. The components and their specifications are brie... | crovosmmen DGR SERIER
. Figure7: Imaging system
explained here.

Camera:The main criterion for camera selection was providing high quality imetpde airbornewith high

shutter speedrhe high shutter speed is a hecessary parameter to avoid motion blur. However, high shutter speed
requires a large lens aperture (which p@blem with itself due to shallow focal depth) or a boosted image sensor
sensitivity (i.e. high 1SO availability). Another crucial criterion for us was that the camera should remabie

controling library libghoto2 supportFinally, the overall imagip system weight should be as low as possible.

Currently, we use the availablganon EOS 100Damerawith 18-55mmkit lens The team is working to get funds

for a better performance camera. The camera worksateragealtitudeof 165feetwith 50-65ft/s ground speed

and 1 imagksecframe ratewhich is found to not miss the view angle within the search graedconclude that

the requirements @ DCL mi ssion taskod6s requirements were satisfi

Onboard Computer-or controlling the cameyaositioningthe captured imagesnd transmissionan onboard
computer systerns needed to be placed on the UB8cause oits cost/performance ratio, relativdbwer power
consumption antghtweight, the Raspberry Pi was chosemthe onboard computer

Sensos. The whole flight mission depends on accurately measuring the location and direction of the plane with
GPS sensors. Thel3 direction of the plane is also necessary to kmdwereandin what directiorthe image was
captured To retrieve this information, a ptisning sensomasplaced on the UA&Nd it wasconnected to the
onboard computer.

Data Link: In order b establish connection between onboard computer and fGC&ata transfera wireless
communication systenis needed The communication boardsystem waschosen and programmeldy
communication subeamwho developdata transferring algorithms.

In summary, these four components work as followbeWéver an image capturdtight datais added to the
image informatiorusing the onboard computer whihas the flight data from the GPS sensor. Ttherimage
queues up in a data structure and automatigatgtransferedto the Ground Statiothrough areliable transfer
protocol.

2.5. Object Detection, Classification and_ocalization (ODCL)

The image processing algorithm mainly uses OpenCV libraiych isa powerful and popular tool for image
processing@nd computer visiarlt sequentiallyprocesses st of images that are sent from the UAS to the ground
station.Basically, the functiongrom OpenCV that enables us to detect outliers are (Btaddard targets are
detected by this autonomous system and the tasgelidategan be detectegutomaticallyon the user interface

at the ground controFinally, all detected results are directignt to the judge server without any human assistance.
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2.5.1. Detection

The process starly/ acquiring a mediursized image from the camera. The full resolution of the camera was not
preferred due to computational difficultiegyeeding reatime operations. Besides, a further resampling of a full
sized image would further necessitate extra computations. Therefore, the resizing operation is lefcemtlesin
processResizing is followed by smoothing the imaffer noise removaland the conversion of the image into

HSV color space. After the conversion, the possible candidates are extracted by using MSER blob detection
algorithm, which basically groups similar pixels. Then the candidates are elimgmatsidieing their size and
aspectatio. If the candidate passes the previous steps, thieptheessing continuel Figure8 threedetection
resultsare given as examplebBhese detection crops are then sent to the computer for further processing according
to color, shape and letter content.

{

y 5 ) | ‘o
. A - e
o R g
. .‘ . » . N v
» -~

-
-
s &
W s "N W B Sk P

Figure 8 Detection results
2.5.2. Classification

1 Color Detection

Color detection includes a background elimination process that uses a t
dataset of possible background objects (grass, soil, road etc.). y
backgrounctlimination, color detection is performed on the remaining blg
by simply using their HSV vaks. The detection creates two binary imag '
one for the alphanumeric character and the other one for the shape
target.

Figure9: Color detectiorwith
f  Alphanumeric Character Recognition andShapeOrientation background removal
In order to detecind recognizéhe alphanumeric character, th
team has created teaining imagedataset with about 3000(
images. All images in the dataset and the alphanumeric im{
obtained from color detection during the mission

preprocessed to @aining standard.The HOG (Histogram of

Figure10: Preprocessing of
Oriented Gradients) features of the characters were usedrto character images

the dataset with @opular Support Vector MachindSVM) classifier The alphanumeric characters aiso
detected from the original imagestims dataset. Onc@chamctercandidatds detectedcalculatingts orientation
is fairly easy since the angle of the character and the yaw of the UAS alieg that photograph are knowA.
rotated and prprocessed (smoothing and thinning) version of actual letter candsd#testrated in Figure 10.

1 Shape Detection

Using a similar to the approach as in character recognitien,
team has created a dataset of shapes including over 10000 i
to train and test the shapketection algorithm. The images a
trained by using their HOG features with S\@\&ssifiers similar
tothe alphanumericharactedetectiorstage The extracted shape
thatcome fromcolor detectiorand thresholdingre preprocessed
with morphological perations before its featucharacteristicare
calculated. Then the HOG features are compared with the tranicu
data and the best match is accepted as the true Jiegppreprocessing stages of a circutdmape is illustrated in
Figure 11.

Figurell: Preprocessing
for shape detection

10
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2.5.3. Localization

The photographs are captured along with thigie-stamps andPS values. This makes the localization of the
target possible. Using the camera propeffjasv, etc.)and the known coordinates of the BAhe location of the
target is calculated.

2.5.4. SearchArea Interface

The graphical user interfa¢&Ul) for search area mission results is currently being developed in C++ with QT
API asshown in Figurd 2. This GUIis able to display the images and the results of the targets for both automatic
and manual etections. Additionallyit has a description box for th#etectedtarget The JSON tags are also
displayed in the GUI.

Auto Cetected Images Target View Manuel Detection

Hiker Description
LOAD FILE..

SEND

Figurel2 The search area interface
2.6. Communications

The datdink between th&CSand the UAShascriticalimportancdor successfulland safelyerformng mission
taskswithin the giventime limit. Therearefour main data linls that we communicat&he firstlink is for the
telemetry communication between autopilot systenie UAS andhe FCI in the GCS Theseconddatalink is
thecommunication between flight computa the UAS andhe ODCL interface. Thehird datalink is dedicated
to safety pilot RC controllefThe lastlink is for interoperability system at the GCBhese links are implemented
by programming dedicatl communication electronic cards, and they are briefly explained below.

2.6.1. Telemetry Link

Toestablish telemetry communication between the GCS ar
xBee modules are reliable and secure radio frequency communication modules which are manufactured by DIGI.
There are various types of xBee moduleg #r@ work on different frequencies like 868MHAO0M®Hz and

2.4GHz. DIGI allows to use 3 types of communication protocols in these modules: ZigBee, DigiMesh and
802.15.4. To communicate between two modules, both units must be set to the same piotogate updates

and configurations of the xBee modules are done in th
the configurations are set, the modules save information to its internal memory and they becotoeusadyor

the telemetryy i nk, OOWNKHBze €e2 PO MWO modul es were preferred for <co
the UAS. These modules are capable of providing all of the three-at@vioned protocols, but their firmware

is set as ZigBee TH PRO. This protocol uses two diffareatd e s f or communi cati on. I n i
communi cate through a seri al interface. I n AAPI 0 mod
received. Since the flight controll er doe soda fort suppo

reliable, easy and fast communication. These xBee modules work on 3.3V DC power supply and draw 215mA at
250mW RF output power (+24dBm). They hadg000 ftcommunication range and 10kbps standard and 20kbps
maximum data transfer rate

2.6.2. Imagery Link

Imagery link aims to transfer captured imagel&bly from the UAS to the5CSquickly. Besidesthe samelink
is alsoused forcontrollingthe onboard computgthe camera and monitoring status.order b achievehese the
link shouldhavewide bandwidthfor data transferring and communiicet in long range distancag to 5km
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Ubiquiti Rocket M5 at the UAS and Ubiquiti Nanostation M5 in the ground control station were used to provide
the desiredobustcommunicationBoth ofthese unitautilize 5.8 GHzfrequencyband.

2.6.3. RC Controller Link

The RC controler link provides controling and chaging the fight modeof the UAS.Additionally, in case of
emergencythe safety pilot could take the contaflthe UAS. In this project, we use Futaba pairs; ttensmitter
is Futaba 14SG 2.4GHz atitereceiver is Futaba R6014FS.

2.6.4. Interoperability

In the GCS a networkwas established via a router farconnection betweethe GCS computers and the UAS
onboard computeiThus,all important data andensor inputs are integratathide theinteroperability interface
andthey are able toooperate witltheinteroperability server.

The algorithm for the interoperability system uses a Hylfgxt Transfer Protocol (HTTP) whiabperates on top
of the Transmission Control Protocol (TCP) in order to send and receive inforr@todfrom the server. It

loadsobstacle information beforetakef f and streams the aircraftés flight

using HTTP.

2.6.5. Summary
Thecommunication system is shown as a block diagraRigare13.

THE UAS
Autopilet Sy stem Imagery System
RECEIVER LINK | |TELEMETRY LINK IMAGERY LINK
24 GHz 900 MHz 5.8 GHz

Fy A Fy

¥ Y Y

TRANSMITTER LINK| | TELEMETRY LINK IMAGERY LINK
2.4 GHz 900 MHz 5.8 GHz
[
{ 3 $ ROUTER INTEROPERABILITY]
SERVER
FCl oDCL
THE GCS

Figure13: Communication system

2.7. Air Delivery

Mechanical incorporation of computers, cameras, sensors and del
mechanismsnside an airframe which was already optimized for sta
flight in its original form is a challengingask. Physically (and
el ectronically), they mustnot [
spoil the flight stability. The air delivery system wasserved to be a
difficult task for its mechanism and airfram@mpatibility. While
consideringthis situation the crucial points were determined as th
covering case for the bottle, the triggering mechanism¢g the
compatibilityto the airframe of the whole delivery system. The coveri
case must sustain a proper ballistic coefficient which is important for
terminal (or landing) speed. With slower terminal speeds, the water b
will have a smooth and solid landing. Thenéral speed can be reduce
with a convenient cover caséwo _possible solutionsvhich arenamely Figure14: Air delivery system prototyr
an autegyro blade system and a simple parachute system, were consiueieu

in order to achieve this.

each
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The first solution wasraautegyro design shown in the Fige 14. The aim of this design was decrigasthe
landing speed of the bottle to avoid explosidhe advantage of the aufyro system is the high possibility of
hitting the target closer. On the other hand, the most disadvantage of this system isheoamplex. A few
sample prototype have been designed and constructed. Beacause of the complegityoit able to integrate
to the airframeTherefore, This design was cancelled.

As thesecondsolution a minimal drop mechanismith parachute wer consideredThe mechanism was hold on

the UAS's fuselage and triggered by a servo which controlled by the autopilot system 1Bjgilitee parachute

of the payload was made from a parachute fabric and nylon thread. Also, there is a fishing swivélgheeed

parachute lines and payload to prevent mixing the parachute threads and drift with wind. And the small hole on

the top of the parachute makes falling motion more stable and prevents excess pressure to discharge violently.
When and where the paylba wi | | be r el eased asftriggermg byraatopildipsrdiveas f us el a
calculated through trial and error.

Figure15: The final air delivery system

2.8. Cyber Security

The usedtelemetry communicatiorfi.e. xBee PRO 90 MHz) already provides 128bits AES encryption.
Therefore, in order to makke communication AES encrypted, AES encryption must be enablge boarénd

AES key must be set on both modules using XCTU program. Modules accept 32 hexadecimal characters as AES
key.The key must becommonon both module@ orderto send and receive encrypted message.

The imagery system igslso protectedby Wi-Fi Protected Access 2 (WPAR)otocol which uses AES/CCMP
encryption.

2.9. Summary
In Figure16, the desig schema of the UAS and the GG3lustrated
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CONTROL SERVOS

RC
[TELEMETRY | e cEjvER cOMPRSS
(500 MHZ) | & 4 GHZ) amanm

ON-BOARD
COMPUTER

RIRSPEED
SENSOR < Qi
RANGEFINDER AIR DELIVERY ROCKET CAMERR
SENSOR SYSTEM (5.8 GHZ)
THE UAS
(@
NANOSTATION
TELEMETRY (5.8 GHZ)
(200 MHZ) ROUTER

()

£

SAFETY FLIGHT IMAGING oDcL INTEROPERABILITY INTEROPERABILITY
PILOT CONTROL CONTROL INTERFRACE INTERFACE SERVER
(2.4 GHZ) INTERFACE INTERFRACE

SUAS ANADOLU GROUND CONTROL STATION
Figure16: Design schema of the UAS and the GCS

3. TEST & EVALUATION PLAN

A well-known principleof development stagis that any suksystem and its components cannot be a part of a
system unless passesability, safety and integritiests.Here animportantissueis schedulinghe test plan for
each component regarding their ie theintegratedsystem.Detailed descriptions regarding various system /
subsystem specifications amdnducted comprehensive teteluding verificationskre providedn Sec. 3.1

3.1. Developmental Testing

3.1.1. Propulsion System Testing

Consideringheincreasen the total weight of the UARIue to operational and other payloadis¢ recommended
propulsion systemwvas found insufficient. fierefore |t was required to change the engine with a more powerful
onewhich satisfesthethrust and flight time requirementSonsequentlystatic thrust and fuel consumption tests
were conducteith the new propulsion system

3.1.2. Autopilot SystemTesting

Inordertos at i sfy autonomous f | i gdrtainexternal sensors wereanasellbstially,r e qui r e
the project began by using APa&the autopilot systemHowever since it does natuppot rangefinder sensa

anymore, anoreenhancedPixhawk)autopilotsystem was preferreghd tested throughout the process

3.1.3. Data Link Testing

The results of data transfer rate tests in ground and during flight #imiwhere was signal loss in the
communication and telemetry links while airborria order toincrease the bandwidth andeful distance
Nanostation M5 was usexs a replacemenf the previous modeRocket M5 in GCS.In thetelemetry system,
XBee Pro XSC Series 3B 900MH=noduleswere used for performance and security.
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3.2. Individual Component Testing

3.2.1. Autonomous Flight Testing

As previously explained in this documeBRtxhawkwas used atheautopilotof oursystemwhichwill beutilized
for autonomous takeff and landingduring the competition. For testg and geting familiar with this new
autopilot system, a smadcaled UAS,named stiklal, was built. The aitopilot system parameters and all
autononousmissiontasksweretestedonstiklal. Flightand PID parameters were tuneddatable and saféght

in orderto satisfy misson requirements. Afteanalyzing the testand adaptinghe resultsto the actual UAS,
Markut, testflights wererepeatedvith dummy load for avionicand payloacafety.

1 Autonomous Takeoffand Landing Performance
All of the autonomous takeoff and landingt®wergperformedon the small scale UASstiklal) successfullyln
the near futurethese tests will be attemptddsted, and verifiedn the actual UASNlarkut).

1 Waypoint Capture Performance

According to the waypoint captuseoring formulathe minimum distance between the aircraft and the waypoint
seems to have increased importance. Therefore, in ardgt tcloser to the waypoinit is needed to tune the
aircraft to havebetter maneuvercapability forroute following As shown in Figurel7, waypoint capturing
performance has become more efficieftér tunirg.

Figurel7: Waypointcaptureperformance

1 Search Area Performance

In order to optimize the processing efficiency by taking as few as possible photos (while not missing any region)
from the land area, the maneuvers and piaiong frequency of the UAS must be carefully optimiZEde main
purposes of increasing searclkaperformance aréherefore

U Avoiding image overlappin@for computational efficiency)
U Capturing all objectéto satisfy competition requirements)
0 Minimizing search timéto reduce flight time)

The search area performance depgemthe camerand lenspedfications, as well as the flight related parameters

For instance, the parameters like altitude gralind speeaf the flight were affecting the imagaew. These
parameters also affect the recognition and detection acciacthis reason, ivasintendedto keep the aircraft

in a stablerange ofthe groundspeed and altitudeaccording towhich, the cameramay be preset We have
observed a compromise of high altitude (which enables larger view angles for less photos, but smaller objects
causing maccurate shape detection) versus low altitude (which requires more frequent picture taking with larger
objects within taken imagedRegarding these parametean,algorithm was developed and implemented to flight
planfor search areas shown in Figuré8.
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