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Abstract

This document describelesign, development and verification of DEV R | Ms§ssem, as developed by
Anadolu SUAS Team thatis comprised of both electricaléctronic engineering andcomputer
engineering student#nadolu University aims to participate in the Student UnmannedVAimicle
Systems competition with its UA®EVRIM, to successfully complete tasks that has beerapeelp The

system consists of a 11®3wingspan air vehicle capable of executing a fully autonomous mission through

its low cost APM autopilot, gathering intelligence wdmital camera. An onboard compter isused to
coordinate these efforts. The UAS also has the capability tonammously drop a payload at a
predetermined GPS coordinate, SRIC task and to show interoperability operations. This paper documents
the teamds ef f ort s sionrexeatios and explanatian wfctie esysteniis ehginearing
approach. The description of the design of the system and the rationale behind it has been presented
herein. The team has also followed key safety features to ensure compatibility with the amstrigsti

takeoff, flight and landing.
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1 System Analysis Approach

1.1 Mission Requirements Analysis

The 2014 AUVSI Student Unmanned Aerial Systems (SUA&Nnpetition consists of two primary and

nine secondary tasks specified by parametach a thresholds and objectives. First of, @il order to
succeeda secondary task, primary tasks should be done at least in the level of threshold requirements.
Since September the DEVRIM team has worked hard on strategies in order to meet recggsi@ments.
According to experiences gained last year, the team has concentrated on tasks specified by AUVSI for
2015 Student Unmanned Aerial Systems (SUAS) competition in an orderly manner. In this context,
primary tasks such as takeoff, flight, wayponavigation and landing were specified as mainly goals.
After achieving threshold parameters of primary tasks, the team has gained experience about systems of
secondary task3.hesesystemsas well as primary taskeve been tested regularly during fligbsts. All

mission requirements, whichre shown inTablel and Table€, were analyzed in order tsuitaby
determine the system design.

1.2 Design Rationale

1.2.1 Air Vehicle

Within the scope of 2014 SUAS competitidinst a hex copter was designékthe Intendedscenario was

to execute the autonomous takeoff and landing, waypoint navigation tasks and to reach and scan search
area properly. Prohibiting the battery problem, one emergency landing was planned in flight time. This
year DEVRIM team has compared all datesed on last ye@rsxperience and has changed air vehicle to

an aircraft. Aircraft system could beombustionor electric engine. The team decided aymbustion

motor because of weight advantage and performance tests results. Electric motor regrgeebattery.

The combustiormotor is lightweight andprovides more flight time and sedyrin any emergency
situation.In order to determine the carrying capabilities of aircraft, different payload combinations were
tested. According to parameters ancdfications of our aircraft, the maximum carrying limit was
determined.

1.2.2 Payload
Executing tasks specified by AUVSI require different systems and techniques. The team has worked on

secondary tasks, all systems were tried on aircraft during flight testbyoone. These flightsts were
done consideringour strategies for task requirements. As a consequence, all necessaryvésms
selected as payload order to achieve intended taskdl items are specified for tasks, and placed on
aircratft.

Autopil ot

The team focused omconvenierly prepared aircraftinstead of design one. Therefore, decidingaon
autopilot wasvital. The ®lected autopilot should allow arranging partereaccording to our aircraft and
changing main functions if necessary. hilstregard, an open source system adapted

Communication

Communication payload on aircraft is important, especially to meet some tasks as SRIC. In order to link
up between aircraft and ground statiaogording tdSRIC task between aircraft and spistifserver, and
download imagery in order to begin processing before landing and saving time, communication payload
is critical.

Imagery
Since the team focused on autonomous target detection, high quality professional cameras were
investigated. Besidedesired camera should
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1 Provide different zoom levels, one for wide angle and one for detecting targets easily.

1 Capture images in very short amount of time not to produce blurred images, since the team
wanted to build fast air vehicle to complete missiahf in 30 minutes.

1 Be controlled remotely over USB

SRIC

As a design for SRIC task, aircraft should be used as a bridge and provide a connection between ground
station and specified server. The tetnimks thetask could be met from ground station mahuahd
displayed for judgment To use aircraft as a bridge, an electronic card could be programmed. The team
thinks thathetask can be managed at leafthin the desired limits

Air Drop

While designing a drop system, main idea was to keep the airctadlanceThe aircraft center of mass
should not change after dropping certain elements, it must remain right under the maimheingam

have worked on an autonomous dropping system by controlling autopilot, but decided on a manual
contol. For manal drop calculatiorvariables which areobtained from autopilot interface/ere used. In

order to test drop, 115 grams metal were used as packet.

1.3 Expected Task Performance

Until writing this documentthe team has performed 50 test flights and numerdigseatit system tesia

the workplace. Flights and tesesults are accepteas evidencdor expected performances thfe team.
After examiningthe competition rulesa tradeoff analysis was performed in order to determine which
tasks to attempt. It was @emined thatdue to the high rate afeightinessof the primary tasks on the
total mission performance, Primary tasks were accegaezkpectedand most crucialasks forthe team

to reach goalsFurthermore, it was determined that secondary tasksdmapportunity against other
competitiveteams. Whemardware and software capabilities of ttam wereconsidered8 of secondary
tasks are accepted as expected tasks. These expected tasks and systems ard @ivet. iNMore
discussion and evidencepporting these expected task performamme explained in test results and
evaluation part.

TASK PARAMETER EXPECTED

PERFORMANCE

Autonomous Flight Waypoint Navigation Objective

(Primary) Flight Objective

Take off Threshold

Landing Threshold

Autonomous Search Objective

Search Area Task Spesific Target Classification Objective

(Primary) Spesific Target Localization Threshold

QRC Target Detection Objective

Secret Message Objective

Automatic Localization Objective

ADLC Task Automatic Classification Objective

(Secondary) False Alarm Rate Objective

SRIC Task Message Download Objective

(Secondary) Message Upload Objective

Air-Drop Task Release and Drop Accuracy Objective
(Secondary)

ANADOLU UNIVERSITY
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TASK PARAMETER EXPECTED

PERFORMANCE
Download and Display Server Time Objective
Interaperability Task Upload Position Objective
frazntibiey) Download and Display Obstacle Objective
Sense,Detect and Avoid Task
(Secondary) Avoid collision obstacles Threshold
Emergent Target Task Autonomous Search Objective
(Secondary) Target Identification Threshold
Off-Axis Target Task Imagery Objective
(Secondary) Classification Objective
Actionable Intelligence Task Identify Target Objective
(Secondary)
Table 1 - Expected Task Performance
1.4 Programmatic Risks and Mitigation Tl
The chartin Figurel has three main
sections. Each sectiona® 3 colors and OTOPILOT FAL ELECTRONIC COMPONENT FALL
inside each color there are six subtopic
channels. Each color is represented by
different priority rate of risk.
Red OBSTACLES BAD AIR CONDITION
Indicates highest priority risks estimated by
team predictions.
q AUtOplIOt Fail: During ﬂlght, the  vonruncTiona MoTor ONBOARD SYSTEM FAIL
most crucialproblem wa autopilot
failure. If ground statiorc oul dn ot — it
receivesignal from the air vehicle LOW RISK

in 3 minutes, the air craft changed
its mode from autonomous to
safety then plane immediately Figure 1 - Risk Table
crashed itself to ground.
9 Obstacle: Second fatal riskas external objects. Oring flight some obstaclesould hit the
vehiclesuch asirds andothers.

Yellow
Indicatessecond highest priority risk estimated by team. Yellow risks are not fatal but it may cause
problem forthe tasksduring missionflight.

1 Bad Air Condition: Rainy ad Windy air can cae problem to aircraft. While embedding
electronicsto air vehiclethe team consideredhost ofair conditiors, exceptextremeones.
Theymayprevent primary and secondary tasks.

1 Non-Functional Motor: Sincéheteam decided to usmbustion motor, if airifuel mixture
cannot support engine sufficienttyotor may shut down itself aridere is no way to activate
it again whileairborne
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9 Onboard System Failure: Whikdrborneif the orboardcomputerfails all of the datalinks
and imagey system will fail. It risks secondary tasks.

Green

Indicatesany electronic componenaif. Since ay of electronicsmay malfunction, the team designed
backup system, such as two different camera systerternal batteries, and separate-RViinks for
different tasks.

2 UAS Design

2.1 Air Vehicle

In the competition there are many missionshich testsdifferent knowledge andequirespractical
experience. When considering these missions, airframe selea®aone of themostimportant points.
Payload weightintegration of camera, stabilization for taking photos, clear waypoint navigation, long
flight time and durable for different whether conditiomsremain subjects for airframe selaxst. Firstly,
different avionicsystems, camera and other payloaddweight. Therefore, high thrust, long wingspan
and large wing areaereneecdto be used in order to meet necessary disposable lift. On the other hand,
for the clear integrations, airframe should give durable andilubefly. Taking photos while airborne
was important point for search area task, aggressive pi@eeedgimbal which cost arextra weight.

Thus, the conventional trainer models could be selected which provides more stable flights. At the same
time, air vehicle should provide necessary maneiilgyafor waypoint navigation.Flight time was
another limiting factorBesides air vehicleshould be durableof different whether conditionwith its

own payloadFinally, all these points were considered and Trainer sixty was selected as air vehicle.

Trainer sixty wasa ready producand hadsturdy all balsa and ply wood constructidinwasvery stable
duringflights. It had larger wingspan and wing area which we convenient fostableflight besides
aerodynamic body. Thretegree wing dihedraliggs balance, extra stability and agility.

2.2 Autopilot
The gen sourcsystemsvhich cauld beconfigured for the team needa this regardthe teanmanalyzel

Pixhawk and ArduPilot Mega models inmes of cost and ease of uséelperformanceof these systems
were compared fatifferent tasksin resulf due to the rapid avaibility of recuired inspections,
ArduPilot megavhich have following key featuragas chosen

1 Auto-Takeoff/ Landing Routines
1 Range 5km

9 Dimensions 90x45x15 mm

1 Weight 35 gr

i Serial NMEA GPS Data

1 3D Waypoint Navigation

1 Display NoFly-Zone Boundaries
1

T

OpenSource GUI
able 2 - Autopilot Specifications

2.3 Data Link

The team needed to transmit higésolutionimages to ground station while airborne. Tove reat

time image processing, high transmission rate was required. Besides, maximum air vehicle distance to
ground station while airborne was approximately 500 meters meaningnéhaork adaptors had to
maintain high quality connection status durirnight even air vehicle was far away from ground station.

Considering those criterions the team deciedseUbnt Rocketin both ground station and air vehicle
Wi-Fi extenderwas also examined but it was not reliable for long distances in terms of aigh d
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transmission rateThe Rocket on the other hanghovided desired transmission rate for long distances
Also it hada nice GUIthat easedts usageBut this time the team had troubles with its heavinéss.
overcome that, a different method was impbened in such a way th#te Rocket wasisedin ground
station and Wi adapter wasised orair vehicle. Images welteansmitted to ground statiaia Wi-Fi in
rate of 3 Mbpson average Unfortunately it was not desired. Then the Rocket was planted tmgain
vehicle.The Rocket M2 is MIMO deviceThis feature enabled the team in such a thay more than one
computer in ground station connectiedonboard computelAlso the team plugged in two 8 dBi omni
directional antennas to the Rocket M2

2.4 Payloads

2.4.1 |Imagery System

The nain criterion for camera selection was providing high quality images with high shutter speed.
Besides, for remove control gphoto2 supported cameras were investigated. Additionally, for backup
system lighter and portable cameras were aedly For those reasons, the teaame up withtwo
cameras for capturingtill images and one video camera for live video stream, Canon EOS 100D,
Samsung NX1000 and QRRO Hero 3 respectively.

1 Canon EOS 100D
o Capturing high resolution still image$8 MP; with high ISO, 12800; with fast shutter
speed, 1/4000 sec
0 Gphoto2 librarysupport
1 Samsung NX1000
0 Capturing ligh resolutionstill images 21.6 MP with high ISO, 12800with fast shutter
speed, 1/4000 sec
0 Relatively smaller, lighter than a DSLR camera,
o0 No ned to be controlled over USBinceit wasused for backup
1 GoPro Hero 3
0 Streaming high resolution video.
0 Capability of board scanning over the search area
0 Much more smaller than a DSLR camera
o Gui dance to the t.&etuosédsforimagprocessirdpurposesg f | i ght

The team designed twdifferentways of passinghe capturedmages while airborne to data processi
systemat ground statiodescribed in section@
 From Canon 100D
Images were captured while airborne and stored in the onboangp cot er 6 s SD <car d.
airborne, images were transmitted to OCCI, describegbction 2.5.2Then images were passed
to the TRCI, described in section 2.5:Bhus reatime image processing was issued. By this
method, actionable intelligence task and egeat task was performed.
T From Samsung NX1000
|l mages were captured while airborne and stored
was passed tthe TRCI, described in section 2.5This method was implemented as a backup
systemin case sometgin had gone wrong with the teambs dat
search area task was performed.

2.4.2 Onboard Computer System

In the last year, team used PandaBoardaE$he onboard computer syste@nly GoPro Hero 3 was
connected to its USB port folideo stream purposes to ground station. So no CPU or GPU power was
necessarily needed. Contrarily, this year the team demanded more powerful onboard computer system
than PandaBoard ES. In order to perform autonomous detection, localization and classiictitnable
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intelligence, emergent target, simulated remote information centatrogirtasks the followings were

challenges:

1 Real time higkresolution image transmission in 28Hz to ground station. On the average 150

T

For simulated reme information center task, additional data link through was requimkihg those

Mbit/s transmission rate wasqred.

For the above transmissi

on
SD card rather than in the DSLR
onboard control system via USB. Of

the average, two higresoluion
image per second transmission rase
of the DSLR camera to the onboar
control system was required.

In order to trigger Samsung NX1000
Atmel ARM Cortex CPU 1/O

, i mages

wer e
camer abds

Hl ROCKET

L] ®
m ATMEL ARM A9
Sers -

® UDOO BORRD @

compatibility was required.

To gui de t he t eambs pil ot dur i

flight, additional dataihk was required

CANON EOS
100D

SAMSUNG
NXI1000

ng

"

o

Figure 2 - Onboard Computer Configuration

for GoPro video transmission. Besides,

GoPro connection was needed to the

onboard computer system.

SD

above requirements into consideratiddgooBoard was primary chose for onboard computer and its
configuration is shown in Figure 2.

243

SRIC System

The aircraftshouldcarry an RF data communications payload capable of receiving data from and sending

data b a third party Simulated Remotaformaton Center (SRT).

The airborne payloadhould

communicate with the team's ground station to enable logging into, downloading, and uploadingj text an

images to the SRICTwo Rocket M2, single board on airplane and USB-Wiadapter are usetb
accomplishthis mission.The Rocket M2 whichwas on access point mode iair vehicle connects to
ground station Rocket M2 which was atation mode as poinbtpoint. WiFi adapter connectetb
Simulated Remote Information Centseparately. When we bridge westaltished betweenthe Rocket
M2 and USB WiFi adapter on board, éould communicate to SRIC instantlfhe Rocket N2 provided

increasedange and great data rate.

244

Air drop mechanism was controlled manually from the ground station. Initiallgetiigg system was
inactive. While airborne, the triggering system was activatethbyground station operator wheas
monitoring currentocation, speed and wind information. Togeratoralso was kept irontact with the

Drop System

teambébs pil ot tretease they egBesithes, greundgstation aperator was responsible for
making necessary calculations for successfully attempt.

2.5 Ground Control Station

251

Flight data and air vehicle communication were provided from mission planner.auMi@pilot settings
were organised, waypoint navigation was displaged instantenously airplane piisn was observed.
Failsafe control and other routines for safety was controllednwhbicle was airborne or ladtitude,

Mission Planner Interface

airspeed, uav position, ol y zone
interface.

DEVRIM

b o u n d a path ets. weregdisdayed in voB plaantei € o n
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2.5.2 Onboard Computer Control Interface
Since onboard computer handled automatic triggering of Samsung NX1000 and Canon EOS 100D, the
team required an additional inteteawhich sends commands through one of the data links in order to
control onboard computer. Thus the team created an interface which was able to:
1 Send commands to onboard computer to control triggering cameras,
1 Download images over 2.4Hz data link betweagthe air vehicle and ground statjamsing File
Transfer Protocol

2.5.3 Target Recognition Control Interface
In order to perform autonomous identification of target characteristics, the team created an interface
which was able to:
1 Loading images sequentiallgoin a directory,
1 Loading individual image from a directory,
1 Implementing desired image processingpaithms, described in sectior62Data Processing,
1 Identifying four characteristics of targets, which are:
o Color of background,
o0 Color of alphanumeric,
0 Alphanumeric itself,
0 Shape of background.

Interface wascreated using Qt APl and C++ programming language in Linux emai&oh Besides,
OpenCYV library wadntegrated to handlenage processing algorithms.

2.5.4 Interoperability Server Control Interface
Since ineroperability task requires communicating to judging server, an interface was developed by using
JAVA programming language to provide expected data. The interface was based on standard web
communications that uses HTTP GET, POST and JSON data formatssigfieng in the judge server
successfully, capabilities of the interface are below;

1 Downloading the server date and time, display on the application.

1 Displaying current position and height of the air vehicle of the team on a map.

9 Uploading current posith and height of the air vehicle of the team to the judging server

1 Downloading information about current positions of obgt@}land display them on a map.
And the application also collaborated with Mission Planner which is an-spegce application. An
extension application for Mission Planner was also developed to pass related data to the interface.

S

DEVRIM

ﬁDO&

SUAS

<<

<
Yvgps

- .

JUDGING
SERVER

SUAS ANADOLU GROUND STATION

Figure 3 - Ground Station of DEVRIM
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2.6 Data Processing

QR: By definition QR Code is quick Response Code is a trademark of a matrix Code. Initially QR code
contains two dimensional baradodes by a readable tag. The tag may contain numeric, alphanumeric or
binary information. Due to competition rules the competitors -

suas -pn

shall be able to locate QR code as threshold of the task. If
code is founded it shall be decoded by autonomously e

target, t he team used z b ajr : ; S an 0
library and it has compatibility with OpenCV. Q |
identification algorithm was implemented in TRCI in §&
separate thread. The algorithm sé@d for QR objects in

was detected, it was decoded as shown in Figure 3.

Automatic Target Detection: Image processing algorithn. Figure 4 - QR Code Result

was designed using C++ programming language, also implemented usn@Dtibrary with version

3.0.0. C++ language has chosen because of capabilities of the native language and power on embedded
systems. The latest version of OpenCV has been chosen in order to build processing system with up to
date versions of as CUDA ar@penGL. Working environment has been chosen as Linux to increase
efficiency and capabilities. The core algorithm has eightgsuts each of which is represented in Figure.

Besides identifying QR code required different approaétithough in the main progam targets were
identified by using certain sequence iofage processing algorithms and methddamwas not able to
separate QR codeom regular guare shaptargets For avoiding false identificati@theteam decided to
processcorresponding image ia different thread to dete@R code.Since the ground station computer
had multi core central processing unit, tteam identified QR targetwithout effecting the main
autonomous target recognition algorithm

Taking Images
Images passed to the TRCI wesmptured while airborne either ro-Samsung NX1000 or Canon 700D.

Mean Shift Filtering

Once images were passed to the TRCI, mean shift filter was applied to images. Mean shift algorithm
takes blocks of pixels and sorts their pixel values then it chaagsvalue of corresponding pixel with
mean value of sorted block. The algorithm filtered most of noises and merged colors that were in certain
ranges.

HSV Thresholding

The teambébs cameras were able to capt uanmelsasmd,ges i n
green and blue. The RGB color space had been proved to be less efficient for target detection. The HSV
color space on the other hand is composed of three channels namely hue, saturation and value. The hue
channel combining with the value cireel is closely related with color of the corresponding image.
Therefore working on the HSV color space provided more reliable results in target detection. Thus output

of the mean shifted image was converted to HSV color space.
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Binarization

After cdor space of the mean
shifted image was converted to
HSV color space, histogram of the
image indicated that image was
composed of several distinct colors.
Majority of the histogram pointed to & %
background and second majority INPUT IMAGE MEAN SHIFT HSV-FILTERED &
pointed to the target. Therefore (A) FILTERED BINARIZED
TRCI was able to distinguish a (B) e
possible target from background by
binarizing the image in such an
efficient way that the possible target
could be extracted afterwards.
Ot subs binarizati
well-suited for the situation, thus it

was implemented CANNY FILTERED CONNECTED COMPONENT EXTRACTED
(D) ANALYSIS POSSIBLE TARGET

(E) (F)

Canny Filtering

Analysis in the binarized image
needed in order to locate possible
target. To locate correct part in the

binarized image as a possible target, %

edge detection was required. Canny

edge detection algorithm s T

frequently used in image pressing THRESHOLDED TARGET OUTPUT OF
efficiently. So a canny detection (G) MORPHOLOGICAL OPERATIONS
algorithm is implemented to identify (H)

edges.

Figure 5- Steps of Target Detection

Connected Component Analysis

Since edge detection algorithm also identifies noises, an algorithm was required to analyze edges in such
a way that noises, possible targetat have larger/less areas than stated the rules in section 7.2.8.4 could
be eliminated. Therefore The TRCI analyzed the edges by implementing connected component analysis
and outputted correct possible target.

Extracting Possible Target

Once a succeadfconnected component analysis was done and possible target was located in the image,
the TRCI extracted possible target from the input image. Following that the TRCI analyzed histogram in
the extracted image. The histogram had two peaks, the more owelarasf the background and the less

one was color of the alphanumeric character. Furthermore, the less one constructed the alphanumeric
character itself. Thus the alphanumeric character was extracted for identification.

Recognizing the Alphanumeric

The team created a database of alphanumeric characters with nearly 5000 images. These images were
classified by knearest clustering algorithm and trained using support vector machines before the flight.
Once TRCI interface was trained, extracted possibleaalperics passed to the S\t identification.
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2.7 Mission Planning

Try autonomous take-off |

I fails try manuel take off Initialize Interoperability Server Interface

h 4
—

' ™y
Waypoint Navigation * Initialize Target Recognition Control Interface
p .
' y
— Initialize Onboard Control Interface
h ., w

Actionable
ADLC Task In

Progress

Search Area Entrance »

Progress

4>( Start Samsung MX1000 Triggering l

v

Backup For

Search Area Task
In Progress

\—D{ Start Canon EOS 100D Triggering ‘
Go to Specified Locations

SRIC Task Initialize SRIC Mission Protocol

L4

Emergent Task Change Flight Mode to GUIDE

L4

L4

IR Target Task Activate Air-drop System & Release Drop

Pass By The Location 3 Times

L4

Air-Drop Task

Figure 6 - Mission Planning Diagram1
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Figure 7 - Overall System of DEVRIM

3 Test and Evaluation Results

3.1 Mission Task Performance

To test the system, 50 flights were performed until the joupagler preparationtime. The team
participatedin the competition wih multicopter platform last year. The team has more experience about
multicopter than fixed wing systerilencethefirst 10 flights of this year were performed as fixeihg
system recognition proceskhe nextl5 flights were performed as testing andeadeping about primary

goal of system that are autonomous flight and waypoint navigation task. During ongoing,presss
task equipments weraddedto aircraft and mission simulation was performeghin For the last 10
flights, systems of all tasks wepreparednd tested for completaission simulationThe nissions were
often completed between 25 to 35 minutes. These duration varies dependently waypoint path and size of
search area. Dependently results of flights binder components of flight dunsgiernrecorded as wind
speed, aircraft speed, maneuver capability of aircraft and camera Bodake these reliable results of
the flights flight record paper was prepared and filled. This paper was most significant Stegirag
process because itlped a lotabout proper analysis of flight and quickly solving encountered prablem
during flights
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Figure 81 Flight Record Paper

3.1.1 Automatic Detection, Localization and Classification Task
Since the team designed two methodsdassing images to the TRCI, twiming performance results
were obtained as below.

1. Instantaneous image transmission:
Triggering period of Canon 100D was set less than sum of processing time and transmission
delay of individual image, which enabled the tearperform ADLC task while airborne.

2. Processing all of captured images after landing:
Triggering period of NX1000 was set to 1 second. Also the team planned approximately 20
minutes for scanning every inch of the search area. Image processing algorittuptiwazed to
achieve minimum 2 FPS processing rate. So the team had provided target sheet before the post
processing time was over.

For more than 5000 captured images, the team was able to:

Detect 65% of targets.

Achieve localization rate 55% within 5684t and 85% within 100 feet for detected targets.

Detect colors of alphanumerics and backgrounds accurately in rate of 70% for detected targets
Detect outer shapes accurately in rate of 35% for detected targets.

Detect alphanumerics accurately in rate @¥dfor detected targets.

=A =4 =8 -8 =9

3.1.2 Actionable Intelligence Task

The team was able to detect three characteristics, which are alphanumeric color, background color and
outer shape, in rate of 55% for each target in-tie@@ once captured images were transmitted ¢ th
OCCI.

3.1.3 OFF-Axis Task
Approximately 100 images of outside of search area boundaries captured towardaxatafiget in test
flights. 50% of them were analyzed accurately for two characteristics.

3.1.4 Emergent Task
Approximately 200 images captured regagdisn emergent target in test flights. By analyzing these

images the team achieved rate of 30% in detection of the emergent target. Besides, in 50% of them the
emergent target was correctly described.

3.2 Payload System Performance

When 8 dBi high gain outdo@ mni antenna was wused, we dlmagesdt enc
which were captured while airborne were aproximately 9 MbyResiod of triggering the Canon was
approximatelyl.5 secondNearly 800 photos were captured in 20inutesduring searctarea taskThus

total memoryrequiredwas800x8=6400 Mbyes Images werelownloadedn rate of 3 Mbytes/sec, hich
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means3600 Mbytes were limit ofransfarrable amount of total image sizee remainings wer@assed to
the TRCI via SD manually. This press wasibout 3minutes.

Meters 100m 200m 300m 400m 500m 600m 700m

Download 40Mbps 35Mbps 30Mbps 22Mbps 15Mbps 13Mbps 10Mbps
Speed (~)

Table 37 8 dBi Antenna Performance

Meters 100m 200m 300m 400m 500m 600m 700m

Download 50Mbps 45Mbps 40Mbps 30Mbps 24Mbps 17Mbps 10Mbps
Speed (~)

Table 4 - 15 dBi Antenna Performance

When 15 dBpatch antenna was usdmbtterresuls wereobtained than omni antenna.

3.3 Autopilot System Performance

Autopilot system parameters were tested for stabile flight with small model plane, (gstmra. ech
flight the team changedhutopilot parameters to improve flight stability and autonomous capability
according to previous flight results. Different parameters and PID controller parametertsined for
stable and safety flight, real flight conditiorige air vehicat flight response (aileron, yaw and rudder)
performancevere analyzed. In different weather conditions system was testeth fght performance

was tested in windy condition&or avionic safety; flights wergperformedwith dummy load.Results
adaptedta h e tnminaindebicle

PS Tradk (Blac

Figure 10- DevelopmentSteps of Navigation Path

WP_RADIUS: 15-44 m was tuned according
to UAV turning radius

NAV_PERIOD :10-25

PARAMETERS WERE
(%) NAV-DAMP: 0-1 TUNED FOR SHARPER
o L O Lf g BANK ANGLE :0-75 CORNER

~auly 4’ N

D e '

S - o)
7 S

Figure 121 Test Conditions

Figure 11 - Final Results of Navigation Path
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TEST WIND CONDITION

MIN : 4.5 KNOTS
MAX: 25 KNOTS

Figure 13- Test Parameters

3.4 Mission Accomplishments

Primary Task Threshold Objective
Take off

Flight
Waypoint Navigation
Landing

Target Localization
Target Classification
QR Code Detection
Search

Table 5 - Mission Accomplishments forPrimary Tasks

Secondary Task Threshold Objective
ADLC

Actionable Intelligence

Off-Axis Target

Emergent Target

SRIC

Interoperability

Sense Detect And Avoid %001

Air Drop

Table 6 - Mission Accomplishments for Secondary Tasks

The table cells painted with green indicates that the team successfully performed corresponding task.
Percentage inside each cell indicates rate of success of corresponding missidrmeiedsl mes means

that no threshold is available for corresponding task. Finally blue ones are marked for tasks that were
currently testing.
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