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Abstract

This technicaldesignpaperis a summary of the work conducted by the Technion Aerial Sy{fEAS) teamfor the
AUVSI Student UAS Competition 2017. Tdecument describes the deswfrthe STRIX systentherationale
behind the design choicabge development procesand the testing performed enableéSTRIX to accomplish all its

tasks STRIXis an airplane with aving-fuselageconfiguration equipped wh two electridty-powered enginesnd

anall-composite structurdt is capablef autonomous flight, includintake-off andlanding its ontboard computers

enableimage processingtusesi s ens e and a that opérateniine gndcancalctlae soute while still
on the groundThe awistomizeduser interface (Ulgssists in effective control over the system.

Thedesignteamcomprisesindergraduate students frahe faculties ofAerospace Engineering and Electrical
Engineering. This yeathe projectfocused on furtherimprovingthe system, giving it broader and more reliable
capabilities.
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1 System Engineering Approach

1.1 Analysis of Mission Requirements

To ensureSTRIX meets the performance requirements, we began by performing a thosnaisisof the new
competition rulesUsing the system entered into ther e v i o ucdmpgtidomas @rs examplewe focused on
analyzingits performance in accordancgitht he j udge 6 s explereddiirehanges neaessdry for
excellence under the current y@acompetition rules.The requirements for the new platform and its fiig
performancevere developed from this analysis

We used the provefi Re d Tappeoatbto examinethe systermfrom top to bottomjn order togathercrucial
performance dataVith this approach, every team member perforneempleteinvestigation of theorojectaspecs
for which he is responsihl@nd presents the innovations or improvemémtse implemented fogreaterefficiency
throughout the systenThese areas include aerodynamicstructural design andanalysis, propulsion systems,
performance obpecific competition tasks, interoperability, system integrattm The results were fit presented
atthe Technion during the Preliminary Design Review (PPtRg final design was presented at the Critical Design
Review (CDR) several weeks later. After the design sedghe work on the new modkégan

1.2 Design Rationale

The decisions madegardingthe platform desigaddressed a number e@fvironmentafactors:

1 Team qualifications i The designshould be based to the maximum scaletlmn teand sgjualificationsand
knowledge This implies &aluationof the teard sapabilitiesin designingall aspects ofthe system.

1 Time managementi Since time is of the essence, the projedignmustbe feasible in the scope of the time

thatis available A reverse timetable was createvdth the critical milestones defined by the competition rules

(FRR, proof of flight, etc.) and the teadndefined schedule.

Manufacturing processi Thefinal solutionshouldsuitthe teand manufacturing capabilities

Maintainability 7 The system should be easy and imeitto maintain in order to minimize the preparation

time between flights and increase the systasiability.

1 Safetyi The ystemshouldguarantee minimum riskor boththe crew operating it anfibr the systenitself.
This requirement should drive tesation of hardware safety interlocks and operathwcklists.

1 Budget distribution 7 Every design choiceincludes criteria for the financial investment required for its
realization This is sometimes a dominant factdhe budgetwas therefore distributeith accordancevith the
task priorities.

=a =4

The system is required feerform all the competition taskeith excellenceWe therefore put our efforts into areas
that were notyet redized in the previousyears Our priorities weredeterminedaccording tothe following
requirements

9 Flight enduranceand performancei An aircraftshould beable to usehe entiredefined flight time A fixed-
wing aircraft capable of carrying all the necessary equipment onboard was chosen for, thedestrdance
with the payload requirementén aircraft should be able to reach the minimum turn rate, the highest climb
rate,andmaintain the definedruisingspeed irthe search areéthisis influenced by the camera shutter speed
These performance parameters have treatesimpact on the aedynamicsrequirementson the propulsion
systemand thestructual design of the platformequirements

1 Aerodynamics i An aircraft must be aerodynamically stabland capable of performingll the required
maneuversincluding safe takeoff and landing

1 Aerodynamic loadsi Designof the airframe structuravhich will withstand all the maximal loads, stresses,
vibrations and landing impact applied during the mission

1 Imaging systemi The cameramustmeet the mission requiremenBarameters includie resolution, quality,
frequency of the images taken, weight, compatibility to the system and reliability.

1 Subsystemcompatibility 7 Variouscomponentsnustbe compatible with each othdg transmit the data and
the correct orderd-he choice of innecomponentsvas affected by this factor.

1 Ground stationsi Thestationsmanned by th&uman personnetho operate the system from the groundst
bereliable, possess high computational capabilitesi be portable.In addition, it must be possible to depl
and operate them quickly and easily

1 Image Processing The appropriatehardware and softwamaust be installed so that the system can perform
taskssuch a®bjecs detection]ocalization and mapping.

-3-
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This year,we emphasized aredbat were notyet realized in the previous platformsh& main concept has

undergoneaumerousmprovements

1 Autonomous landing i The systemcan landautonomouly. Several design changes wengplementedto
achievethis task: new windlaps allow decreasinghe touchdown speed and a rangefinder enables more
accurate estimation dight altitude.

1 Obstacle Avoidance Taski A completely new algorithm wasnplemented This samplebased algorithm
performs avoidancef static and dynamic obstacles

1 Propulsion systemi More powerful engine modelprovide better performance during the flighthe model

includesincreasedpropellerdiameter andh new enginelocation to improveaerodynamicsthrust efficiency,

and the stability of the system.

Airdrop T A shock absorber watesigned and added to the boiti@rder to assure safe water delivery

Structure optimization i The update@omposite skin structure decreases the weight of the airplane, increasing

flight durability and aerodynamiccharacteristics.New servos modelslso contributeto decreasing the

platformd everall weight

1 System installation optimizationi Subsystemsvere transformethto modularsubsystem clusterin order to
ease maintenance overhead

1 System redundancy improvemeni New, more capable batteriegere chosen for the platform. Together with
replaced voltage regulators and connegtihiesy provideimproved system capabilitiesd reliability

1 Gimbal designi A new gimbalwasdesigned offering more accuratstabilizationand tracking as well as a

reduction inoverall weight.

Antenna tracker i The antenna trackevas renovated and redesigned.

Imaging Console T The imaging consolehas undergone several improvementscluding: better

communication withhej udges 6 ser ver aendironmentinciddsedmagaedownléal speed e r

improvement of theADLC algorithm increasd mapping precision and Real Time Kinematic(RTK)

integration for improved navigation and mapping precision.

1.3 Programmatic Risks and Mitigation

This year risk assessent was based on the accumulated experieh@eevious years andurrentenvironmental
factors. Tlis sectionsums up all the evaluationtheir probable impacts on the projeeind themeans by which
issues were mitigateffom the most harmful to tHeast harmfulThe risks may be divided into following:
I Timetable delays

If the defined tasksrenot completed on timeuubsequentasksare atrisk of inheriting the delayconsequentlythe
entireproject may belelayed
Mitigation methods:

o A firm timetable and plans were defined at theginningof the project. Adherence tihis schedulevas
emphasized asaiterion for thesucces®f the project

0 Weekly meetings are conducted order tokeep track ofthe progress of each task and to evaluhte
likelihood it will be completed according tie timetable Some tasks may be performed simultaneouwsiy,
others consecutilg, thus requiring prioritization.

9 Insufficient mission experience
Flight timemustbe accruedor successful demonstratiof the mission
Mitigation methods:

o0 Flight training for the crew wasnitiated duringthe early stagesisingl a st y e aThécomptbte set of n .
mission capabilitiesvastested with theold platform which provided aroverall view of the required whing
process

0 Mission simulations were performed in order to train pilots using the Software in thg®0dy) system

1 Integration
The pojectbrings togethea large number of participants framo facultiesi AerospaceéengineeringandElectrical
Engineering Contradictoryengineeringrequirements osolutions may endanger the operability of the system as a
whole. Many solutions requimnsultation amongeveral project members.
Mitigation methods:
0 Weekly meetings are conducted as mentioakdve The project teantdiscusseshe work ofeachproject
member during the meetings.
0 A single supervisor anthentor highly experienced with leadingrojects of this scopdp assistin guiding
the crew in the developmeanhdtestingphasesandwith organizationabspects

=A =
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1 Adherence to the competition rules
While maintaining enthusiasm for creatindatter airplangstrict adherence to theompetition ruless importantin
order to avoicpenalties.
Mitigation methods:
0 A team member was assign#te task of familiarizing himselfwith the competition rules at the highest
level, so thathe could supervis¢heentireprocess to ensure the final desigatall the requirements.
1 Crash of the airplane
As in any systenthere is aisk of failure during the reatime missionlf this happens during the final demonstration
not much can be donhowever, theeffects of a crashduring the preceding flights can be mitigated.
Mitigation methods:
0  Someof the training missions were conducted be previous yedér systemand Test Model A/C
o  Two additional vehicles were constructedserve as a backup ¢ase ofaccident

2 SystemDesign

This sectiordescribeshe design of the UAS system. It covers

all areas of platform development, the design rationale for / o
implementing each decision, and thelection of thefinal - —————— -
~— - - S —

design solutions.

2.1 Aircraft

This section describes the desifrthe aircraft including its
build, the aerodynamics and propulsion aspects, the payload 200
system and the generahrchitecture.The improvements
made to the system in the current year are emphasized

2.1.1 Design

The 2017 aircraft structurecomprises fiveparts: two wings,
the fuselage the tail unit, and theupper access pandtach
part is designed to ba&etachablein order to allow quick
access to all the inner airplane sutieyns, easynaintenance,
and onvenient transportatiorigure 2 illustrates thgeneral
outerstructureand provides thdimension®f the airplane
Although the configuration is similar téhat of the previous
year, several major changes were implemented to improve
system performance duringnissiors. The structure was
optimized by reducing the pliormé sweight while
maintainingthe structural strength in the flight envelope. e
The wing structure is hollow, comprisedaf fis and Wi
two skin layers, with @&U0 sectionbeam. The main beam is
designed to support the bending stresses of the wirgyafth
beam, the main bearand the skins define the torsion box of
the wing.

Sincemeof the biggest
skin, we focused oits optimization It was decidedo retain

the sandwich structure of the carbbalsa wood coreand
reduce weight by changing the thickness and stiffness of the

1860
2100

surfaces gfe odrRIR sy@dm'alakifyd" Lett, Frdnt, Fop & Wi N

balsa core while keeping the same carbon layers. In order [&/ep riber]
choose the optimal mechanical properties of the wing skin, two
testswere conducteda strain experiment and3point bending i

.
_.!(
> V”f/

experiment. The weightf each samplevas also compared.

In addition, finite element analysis was performed in order to
determinestress alonghe wing span and wing tipleflection.
Finally, we performed a wing loading experiment to validate
the theoreticakstimatesand the manufacturing procesghe
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results may be seen in the appropriating section in the documeatddition, along the fuselagéself, four
imbeddedongerones weristalledbetween the layers to further increase the bensliffgess.Severalframesand
reinforcementsvereaddedn placesof concentrated loads

In order to furtherreduce itsweight, wechoseto usea 120 g/m"2carbon fiber woven sheet, instead of the
previously used 195 g/m”@rbonfiber sheetin addition we reduced the number of layers that were used, keeping
in mind the overall desired airframe strength.

The aft portion of the fuselagemprisesa detachable cylindrical tube madeaofinidrectionalcarbonlayer on top

of aplain weave layer witlan @oxy polymer compositeThis resulted in aurtherreductionin weight compared to

the previous yearFigures 4 and 5 providegeneral overview athe airplanewith the inner systems installed

Gimbal, Jetson TX1 Pixhawk. RFD900

Camera, ODPROID

IMU

GPSantenna

Air-drop Mechanism

prot Switch |
i Battle
Bullet M5 Ethernet : Switch
Gimbal Batteries ¢
Figure4 STRIX overview, maircomponents labeled Figure5 Airplane overview
Vertical Stabilizer Horizontal Stabilizer
Airfoil Douglas Airfoil NACA Airfoll NACA 0012 Length 2.09 m
LA203A 0012
Span 29m Span 0.35m Span 0.75m Width 29m
Area 0.708a Area 0.085a Area 0.165a Height 0.686 m
Aspectratio 11.85 Aspectratio 1.44 Aspectratio 3.4 Weight 12 Kg
Figures of merit Propulsion System Velocity Endurance 35 min
Wing loading  16.9 kgh Motor power 2700W Stall speed 23 knots Range 18.6nmi
Powerloading 225 W/kg Prop.size 18X10 Cruisespeed 3 Xnats Rateof climb 600 ft/min
Max load 3.5 Batteries 148V Max speed 50 knots Minimal turn 60 ft
factor 30 Ah radius

2.1.2 Aerodynamics

During the current year, the main emphasiagrodynamicsvas put intdfour main improvements: engine location
optimization tail stabilizer redesigrihe addition ofving flaps anda new, aerodynamic gimbal covelesign

1 EngineLocation

In thered teamexamination we found that no attention was given to the location of the enginds previous

yeards project. As the engi mgreadeabfiduehce anahiefldw avonndthéh e wi n g
wings. It was decided ttook into the locatiorof the enginesnore closely.Enginelocation influence several

aspects, such asr flow around the wings, blade clearance frtima fuselage and the ground, stability in #eent
anengineloses powerandeaseof manufacturingln addition, there areeveral parametetbatdefine the location

of the engines, which include the spanwise location (distance from the center line), the vertical location (distance

from the cordupwardor downward), the mounting angle (angle betw#enengine axisandthe chord), rotation

direction and the streamwise location.

-6-
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Due tolimitations in the manufacturing capabilitigswas decided to | eropoff {inboard up)
retain the mounting angle 6fdegrees, the vertical location to be at tl ’\T/V prop on
chord and the same streamwifocation of the same position as in tt ;

. / [cutbcard up)
:

previousyear, althoughall those parameterdo affect the local angle
of attack. On the contrary, the rotation and the spanwise local
which also affectthe local angle of attackhave no effect on the
complexty of manufacturing.

The wing closer to the airplane fuselage has a longer chdridh
contributes more to the liftit was thereforedecided to rotate the
propellers inboard up, as described in FiguréMiile the spanwise
location hasa negligibleeffect, thereis still an increase iperformance
proportional to the distance of tlengines from the center line. The

more important aspects are the ground clearance and the latei@lire6 Lift distribution dependence o
stability in theeventa single enginés lost In analyzingthe ground direction ofpropeller rotation
clearance for landing on one whegtlwas found that for the STRIX

propellers of 18 riches the location of the engines is,
required to be at most 460 mm from the centerline. ‘< 5 = 380 mm
Lateral stability in the event ofengine lossmust also be ——ssomm
consideredIn this situation, the single enging required | “**
to overcome the drag forces, and dgeneral, provide |
additional thrust in theevent of emergency. While s
performingthese maneuvers, lateral airplane stabilityust
be maintained

The thrust the single engimeustprovide inthis casemust
be at least thesalue oflast yead slesign. In that extreme
case, it wagerified that the vertical stabilizer provides
sufficient countering moment athe maximum sliding
angle, which is proved in the following tablehe forces in
the calculations arpicturedon theright side of the table

A =1350 mm

18"¢ Wing

Proposed engine locatio

Last year 6s

Figure7 Engine location repositioning

arm | force | force | moment f ‘.‘I ~1 By c_:omparir?g the_ existing twin

[m] [N] [kgfl | [Nm] E,E:’:| engine configuration plangwe
Tail moment 116 | 729 |0.74 [8.43 4 | | can observe that the average
Enginemoment 0.38 | 22.18 | 2.26 | 8.43 | engine |ocatiorihalf-wing (A/B

I in Figure7) span is 0.275.
If we consider the ratio to be the average of the presented airplanes, the engines in ounagtbentocated 371
mm from the center line. lthe STRIX designthe enginegrelocated 380 mm outboard from the taine, staying
relatively close to the recommended value. From théswill put a limit on engine thrugor singleengine loss to
2.2 kgf

1 Vertical Stabilizer

This year we improved the aerodynamics and structafethe
vertical stabilizeby eliminating the dorsal finWe incorporatedts
stabilization momeninto a new integral shape of the verticg
stabilizer, which was evaluated and tested during the flight testg
We foundthat the new tail increaddahe tail volume by about 300
cm”3, 0.3 % While the moment remains almost the same, the: , -
wettedarea decreaséry 91 cm”2, 9.6 %,meaning less drag for F|gure8 Vertlcal stabilizer redesign
the new design of the tail stabilizer.

1 Wing Flaps

The main improvements include the wing configuration
Flaps were added to the wings to enable autonomous f
landing and minimize the risk of high speed touchdown
impact. It was decided taadd a 0.25 chord plairflap Plain Flaps
alongthe existingaileronline. According to our analysis
the addition of flaps will increas¢he maximum lift

Ailerons

Figure9 Wing flap addition overview
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coefficient during landing by 0.6nd decrease stall speed by ,, 4G, mesx Vs flap deflection
15%. Consequently, it will decrease the touchdown speed,
These benefitswill help us to perform sgfsafe autonomous ;|
landings, minimize the risks involved in that action, and .l
increaseour system reliabilityThe aldition of flaps is alow- x .|
cost solution which is simple to produce. o 04t

T NoseCover 03+
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The gimbal shell shape was redesigned in order to reduce tlgle /
aircraft drag and improve its lateral stability. The nose was |, 1 ; ; i
adapted to have the same height as the fuselage of the aircraft " 2 aps cefoctionideal % &
and the crossection of the nose was reducedreminimum. Its  Figurel0Increase in Cl parameter vs the flap ar
dimensions were chosen &a@commodate the gimbal and camera
with minimum requiredclearance Figure 1 illustratesthe entire

new gimbal and nose.

2.1.3 Fabrication

First, the molds for the aircraft parts were designed wsiig CAD
model. The moldwas producedfrom MDF wood, using CNC
machinery. Atotal of 50i 52 epoxyinfused omposite layersvere
then placed onto the moland vacuum bagged. Once tlepoxy
infused carbon compositeardened, the pawasthen trimmed to
the correctdimensions and shapka addition,3M DP460 structural

epoxy adhesive was usadneeded. 200m
The fuselage consists of carbon/epoxy layers (withecific weight New Nose 2016 Nose
of 195 g/m). The open "U" cross section of the fuselage Camera Design Design
f- reinforced by four
embedded

reinforcements made of Figure1l Nose cover redesign

unidirectional (UD) graphite and a Rohacell coe, to increase the
fuselag® bending resistance.

Additional reinforcement ribs were added to critically stressed spots.
The aileron/flap hingewere madeof Aramid fiber (Kevlar), andvere

s integrated inside the layered structure of the upper wing Jkie.
wings were connected to the fuselage usiagarbon tubewhich was
inserted into the aluminum housing within each wing. The wing joiner
wasinserted into the wiriuselage attachment on the fuselage.

2.1.4 Propulsion

This year's UAV is maintaining the twin motor configuratiortttdp r evi ous year 6s pl atfor ms,
on each wing. This twin motor configuration is suitable to ourdafe design, to achieve safe landinghia event

one of the motors failduring the flight. In addition, this configuration allows us to use a front payload mechanism
(a gimbaled high resolution camgxgithout anydisturbanceoy landinggearor propellers.

After evaluating lasyeais flights and a crash of one of our platf@m@uring atouch & gomaneuver, the cause of

the crash was investigated. Taking into account the increased weight of the platform, the investigatioted

that the propulsion system providasinsufficient thrustto-weight ratio (T/W).We therefore deidedto employa

new combination of motorsglectronic speed control (ESQ, and propellers to resolve the problem. The new
combination was chosen to increase the TAtlo to the maximumwhile maintaining adequate flight time to
complete the competitiaiasks.

The final configuration is: 2XScorpion HKIIF4035560 motors, Scorpion Tribunus 120A ESC, and APC 18X12
propellers. The (T/W) ratio increase in comparison to the 1a§}yjgaq System Module ~ Control System Module

yeao design is 2.3. Jetson TK1 Pixhawk PX4
2.1.5 General Architecture Gimbal Controller Futaba R6208SB
Qdroid XU3 BattleSwitch

Figure 13 illustrates he general architecture of the system
showing allthe internalsubsystems and components. Another
improvement in the STRIX system is the separation of

Bullet M5 RFD 900
Ethernet switch S-Bus

Figure12 Module architecture

-8-
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specific subsystems and components into modules. The modular architecture allows easier maintenance and
troubleshooting, in addition tproviding aclean and well organized interior. The table inUfe@gl2 showsthe
contents of each system module.

Payload System Box

Camera and A4
Gimbals Gimbal
[ | _Lcontroller | . Control System Box
Jetson TX1 == O0ROID T | i = " . Servos
, ~ - 'E : I N — 1 e

. | Splitter )
. Battle Switch < Elevator
Receiver B 5 L— - 1
e ov | Lt Rudder
> I? § Wheel

chaost
USB to Camera Syncronization Module:
S8 to VectomNav— |
» CH7 [ Bottle
_ | _Drop
Camera T POE 0= -#ﬁ' 2R Alleron
Syncronization Module Adapter $ g £ =, ciz
o e 12V | 345 = — ida
Bullet M5 A7) w[rer| L Alleron
| o

= “
e
¢ 5.8GHz Antenna

VectorNav & !
VN-200

° - -

Arming |_]|
L_plug

Batteries —
Multistar 5.2
5200 mAh 4P

Image Processing Contfgl
System

F,-J Connector
%

Mission planT
ol e e 9 S S e 5 Payload

Switch

r
|
|
|
I
|
I
L

Payload
System

Comector Figure13 STRIX SystemArchitecture

2.1.6 Payloadi Gimbal

This year, the camera gimbal was improved. The structure was optimized, allc
weight reduction and muahoreaccurate stabilization and tracking.
The gi mbal 6s desiweghtreduang bofes andnthezusedof avsirong
material: ABS, with a density of 104 g/cc and aensile strength of 43 MPa. A stress
analysis was performed to ensure the |
maximum forceof the camera was calculated to be approximdtél® N (considering the
camera mass of 0.5 kg acting at thB @ load factor). The resglof the model analysis
are presented in the Developmental Tests section.

Another important aspect of the gimbal is the inclusion of two separate axisstiato
brushless motoraere chosenone with a torque of 2209 @ 5V and0.6 A for the roll  Figure14 Gimbal
axis, and another with a torque of 7@ 5V and0.43A for the pitch axis.

2.2 Obstacle Avoidance

In order tosuccessfully completthe ObstacleAvoidancetask we proposed and implementednew innovative
method.This methodbelongs to the series of tisamplingBasal Motion Planningalgorithms The STRIX system

uses the Rapidly Exploring Random T(&RT) algorithm as the basendits extensiongalled the RRTstar, which

aidsin finding the most optimal path a trajectory between the waypoitk&at minimizes the cost functigrsubject

to given constraintse(g.,obstaclesadflight zone) The function is based on sampling random points in the region of
interest (nodes), connecting them in the form of a path net to existing nodes, further investigation of the cost
function of reaching every one of theemdrewiring the net in the process afidingthe new nodes. The process

can beperformedat any timeand takes into consideration the waypoints that the platform is &houtve along

By examining eachsequentialpair of waypoints forcollision detection(taking the fly-zone bordersinto
consideratiof), the algorithm is then run on thosaypoints in whictthe detection returrspositive resultAnother

script is thenexecuted to eliminatéhe superfluous waypoints in the flight path. The aim is to giveinimal

number ofcommands to theiraraft in order tofulfill the taskwh i | e e n s ur i megavidrihmet oeeilyr cr af t 6
complexduring flight

-9-
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A MATLAB graphical user interfaces(Ul) was first developed to test the capabilities of the algorithm, where it
successfully showed its effectiveness. It was later implemémtbeé Mission Planner software aisdexecutedow

as an integral part of the Mission Planner environment. Figlisedisplays the Mission Planner GUihere the
platform succeedsm finding the pathamongan array of obstacles amaditomatically changethe route of the UAV

to eliminate any chance of collisipevenwhile the UAV is still on the groundlLast yeaés algorihm, which
operates online, imaintainedas the backup solution in tleeentthe main algorithnfails.

Technion\, * / Aerial Systems

Obstacles

Figurel5 SDA algorithmhandlingan array of targetgight imagei before, left imagé after)

2.3 Imaging System(Payload System)

High resolution pictures and sufficient computing power are required for both manual and automatic target
recognition, along witlsatisfactoryframe rate. A separate survey was conducted regarding all parts of the payload,
the camera, the gimbal, the irfeere between the camera to the onboard computers and to the ground station, the
efficiency of the onboard computers in terms of computing power, power consumption, physical dimamsions
cost efficiency. The survey showed that there is no need to rehla@&ony a6000 camera from lgsals system

and that newer versions of the camera or other camera type options do not give us significant aditanteges
therefore decidetb concentrate on improving the other parts of the payload system.

In short,the Sony a6000 has a-Pdegapixel APSC CMOS sensor and we use it with a Sonyb06F3.55.6 OSS

lens, which provides 3.1x zoom aadocal range of 2475 mm (35mm sensor equivalent). The camera is attached

to a 2-axis gimbal and is connected to antmard computer (OBCjia USB cable.Reattime positioning and
orientation of the camera is tracked using a dedicated Attitude and Heading Reference(8M&&n A custom
circuit uses the camerads fl ash si gesandthe AHRAreddings.ve pr eci
In order to improve system stability, the Sony a6000 was equipped with anaetakoxide semiconductor field

effect transisto(MOSFET) custom circuit to enableardresetoption during flight.

The ODROID OBCwhich handles camereontrol and communication with the imagery consalas updated from
version XU3 to XU4 This versionhas much more computing powevith lower power consumption argmaller
dimensions

The dedicated onboard computer

(OBC) that handles image

processingasks was updated from

NVIDIA Jetson TK1 to the Jetson

TX1 for the same reasons.

This setup ensures quality and

reliability of image acquisition and

processing and minimizes the risk

of performance loss. Systeniring

was redesigned in accordance with

the above modifications. The new

wiring scheme provides an

excellent tool for health monitoring

and ensuring safe operation and

testing of the platform. _ _ _
Figure16 Imaging system architecture
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