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ABSTRACT

This paper provides a summary of the Delhi TechnologicAlA @ S NE METERA@sighet o Meet

the objectives of AUVSI student UAS competitié?é® TRA(Autonomous Surveying and Terrestrial
Reconnaissancaircraft) is a modified Sig RascdlQLR/C aircraft controlled by th&rduPilot Megaan
opensource autopilot Capable of following dynamically changing waypoiASTRArovides real time
reconnaissance tanImagery terminal on ground using a gimbal stabilized point and shoot camera. The
transmission of captured images takes place dh4GHz secured wireless link. The received images are
then processed for actionable intelligence. Modular in des®f8TRAan be brought to flying stata

less than 40 minutes. Safety beiofyparamount mportance in all aspects of UAS operatiohS,TRAan

be controlled by its Mission Control Centre over a 2.4 GHz secured wireless link as a Remotely Piloted
Vehicle (RPV) and also by a 2.4 GHz Radio transmitter remote under full manual control.

~

This paper gives a detailed descriptionASTR® & & & aéngl Vit the: design rationale including the
0SIFYyQa 202S00A@Sa Ay o0dAfRAYy3a GKS agadaSyoe ¢KS
concludes with a description of the testing that has been performed to show that the mission can be
completed safgl and successfully.
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1 Introduction

1.1 Mission Requirements Analysis

The AUVSI student UAS competition simulates a real life mission wAgf&RAhas to perform
autonomously in ahostile territory while providing the ground station operators with suitable
intelligence data.

Based orii K S/ hdHKey Redormance Parameters (KPP) chart was prepared, that was used by the
team to identifygoalson which further work was to be done once threshold were complete:

Characteristic ~ Threshold ~ Objective

Autonomy and Flight planning  StaticWaypoints Dynamically adjustabl
waypoints, Takeff and Landing
re-adjustable search area.

Imagery Acquisition and Visug Autonomous character an
identification shape recognition, GPS a

orientation  mapping.  Colo
identification.

Mission Time Within 40 minutes (Imagery 20 minutes(Imagery, recognitio
recognition and location done ¢ and location done in
conclusion) simultaneous real time)

Aircraft Max. GTOVB5 Ib Minimum GTOW with leas

acoustic signature.

Control Manual (at all times) Manual plus,through GS as RF

for added redundancy.

Communications Different wireless bridges fo Different networks for each o
manual control and MCC imagery, manual and aut

control.(Improves safety an
reliability )

Safety Failsafe: Spiral Dive G wS G dzNy onl ligkyfSilére

and Autonomous landing.

Table 1: Key Performance Parameters &8 TRA

1.2 Systems Engineering Approach

The team followed a structured Systems Engineering approach to face the 2011 SUAS challenge. The
design process was divided in 3 major phases:

1. Analysis 2. Preliminary Design 3. Systems Integration and Testing.

InAnalyssphas& G KS (SI'Y (K2NRdzZAKf& aGdzRASR (KS aK2NIO2Y
KPP charts were prepared to direct the improvements in eachsgatem. The team allocated their
resources and time othe basis of these KPP charts.

ThePrelimhary Design phase involved subsystems integration, after which extensive laboratory testing
and field testing was done. The components were required to perform reliably without any failure. This
practice proved beneficial later as it facilitated our sysseimtegration effort, due to dependability of

our subsystem modules.
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The final phaseSystems Integration and Testing, involved putting together all the subsystem modules
on one platform, which were then tested in flight. The behavior and performance eofcdmplete
system was observed and necessary alterations were made.

1.3 Flight Systems Overview

Payload Flight Control System

Air Speed
Sensor

Gimbal

Camera

Onboard Computer

Battery 1 Battery2

Flight Servos

Battery 1

Autopilot

Wireless router

Wireless Router

Wireless Router Wireless Router

Imagery Terminal

Mission Control Centre

2 Systems Design and development

2.1 Air Vehicle Design
2.1.1 Overview

The airframe being used this year is SIG RASCAL 110 ARF. It is a fixed wing conventional tail air vehicle
gAGK Fy SttALIAOL T gAY3I LA LFYF2NY GKFEG NBYRSNE &
propulsion system constitutes a Hack&60 22S brushless outrunner motor in conjunction with a 19X8
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Nylon propeller. The system is powered by two Thunder Powesl|3.iPo 8000mAh batteries connected

in series which deliver a maximum of 37 volts. The airframe is modified to accommodatentied gnd

camera housing inside the fuselage. The airframe complies with Academy of Model Aeronautics (AMA)
blFrGA2ylf a2RSt {I¥Sie& O2RS IyR YSSita tf GKS NXBI dz

‘WingSpan ~~ 110inches |
Emptyweight 10 Ibs
GTOW 18 Ibs
Propulsion Hacker AGO 22S 19X8 prop
Power 10S Thunder Power LiPo
Endurance 26 mins
Stall: Cruise: Max Velocity 22: 34: 48 KIAS
Payload volume 560 cuinch

Table 2 Specification chart for the Aircraft

2.1.2 Design Approach

¢KS GSIFY S@FtdzaZ SR Ada LISNF2NXYIYyOS Ay 1! x{LQa {!
Since it was decided to make the system autonomous with a commercially availablgilatitan
contrast to the indigenous system employed in previous yeass atfionics volume was anticipated to

be compact and simplified, early in the design phase. This gave the independence to opt for a larger
payload. To assist the team in autopilot design and development, the airframe needed to have smooth
and stable flightcharacteristics. It was observed during several flight tests last year that the engine
powered airframe increased th&lan Maintennce Hours per Flight Hour (MMH/FH) and offered
vibration issues for the flight control and navigation system. Besides, frequentesiggirouts and
unreliable performance under hot environmental conditions posed a major safety concern. To assist in
timely missionreadiness during flight tests, the airframe needed to be repairable in case oirhpedtt
landings or damages due to stroagsswinds.

With the problems thus identified, the team set some Key Performance Parameters specific to
competition mission requirements:

Parameter ' Objective |

Payload Volume >300 cuinch
Payload Weight >5 Ibs
Turnaround time per flight <40 mins
Endurance >25mins
Reparability Quick

Table3: Key Performance Parametefsr Aircraft System

2.1.3 Airframe

The team considered other available RC aircrafts and after a weighted eva|udgcided to stick with

the previously used Sig Rascal 110 airframe. ih® I Yan@ dear experience confirmed its stable
aerodynamics for the competition. Stability and control derivatives for this plane were also available in
case team requires it fordddwarein-the-loop-simulation(HILS)
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The modified payload bay is placed directly under the wings which are separable and provide greater
access to the paylahbay and a suitable forward Cgbsition. To accommodate thgimbal, the
underbelly of the aircraft has been modified to graft- 45 degree pan capability with the fully
extended Canon G10 lens. The balsa and #add construction of the airframe provides good
reparability.

The region around the payload aperture has been reinforced usiiitge€Crods epoxied into the semi
mono@que ensuring integrity of the payload system. The main and tail landing gear have been
reinforced to withstand hardmpact landings on tarmac.

The tips of the propeller blades have been painted to increase their visibility. The top, underbelly and
the sides have a bright monokote covering to facilitate visibility in the air and in the event of a crash.

2.1.4 Propulsion

¢tKS GSIFY KIR 0SSy dzaAy3a h{ wmobdcn 3IJf2s SEJIARWHEQTF2N
experiencewith engine had been pretty rough, asgines performance was unpredictable especially

during elevated temperatures. Further, if the engine stopped in-aiidthe system would require an

emergency landing, which also had been a potent redsonrashes

During AalysisPhase,it was decidedhat in order to accomplish mission objectives within the tasking
window of 40 minutes, the airframe should havegaick turnaround time, in case it requires an
emergency landing during mission.

In view of the above points, it was decided to shift propuissgstem from engine to an electric motor.

Cavtn e Log ot s 2198 v

| u . ‘
Ml
| | ‘

Figure 1: Hacker A60 mounted ASTRA Figure 2: Flight datdog from ESC

A detailed study for selection of appropriate motor and propeller combination was done using
MotoCalc. Theselectedmotor was then tested in lab for itdhtust valuesat various speeds. Using a 10S
8000 mAh LiPo battery, the endurance was estimated to be around 26 minutes as average power
consumption during actual flights was around 700W.

Moreover, motor provides significantly dampened vibrations which aid in Imagery and rechaigel in
IMU.

2.1.5 Developmental Tests and Adjustments

The selection criteria for the final propeller configuration were based on ground testing in the lab. Three
propellers 19%, 20X8 and 18X10 were tested on the bench under different temperature conditions to
plot thrust variation with throttle, maximum and average current draw and endurance. Based on these
tests the final configuration chosen was 19X8. Subsequent flight beste revealed close proximity
between the expected and achieved endurances. The expected average endurance is 26 minutes.
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The aircraft can be assembled in less than 8 minutes. The empty airframe was tested with ballast weight

simulating payloads by firstxecuting a drogest from a height of 6 inches. Observing the deflections
induced in the main landing gear, it was decided to strengthen the duralumin gear with a tensioned cord
to limit the bending. IAlight performance was closely observed to ensureuctural integrity in the

FANDNI FiQa SydANB FtAIKI

aperture to address drag concerns.

The aircraft has completed mission objectives at temperausé 115 deg F on surface ad has
successfully completed talk@ffs and landings at crosginds of 12 kots and gusts of 13riots. The
aircraft can be disintegrated in less than 5 minutes and has a suitable storage volume for transportation.

Figure 3:ASTRAIrframe shipment ready

2.2 Imagery System Design

2.2.1 Overview

Fig@t8 R Anirframe flight-ready

The objective of the mission requires the imagery system to autonomously detect scattered targets on
the ground in a specifiegearch area. During the flight, our roll stabilized gimbaled camera continuously
shoots ovethead images. These are then transmitted down to the Imagery Terminal for final processing.

¢tKS WFOGA2ylofS

AyisSttAaasyosa

G2, m&grouwdNRdbk RS R

alphanumeric, alphanumeric color, orientation along with the GPS coordinates of the image.

O Control from Autopilot

Canon

Canon G10

2.2.2 Design Approach

Figure 5: Imagery system layout

Ethernet
Link to GS
] @
Gimbal
BeagleBoard xM Bullet Wi-Fi
Router
usB

Learning from paséxperiences, a decision was made in favor of capturing few high yiradiividual
images over rediime inferior quality video. This required a high resolution digital camera small enough

to be stabilized by a gimbal.

Sy @St 218 ! RSTtSOG2NI LX

s

%)
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The 2010 system provided VGA quality video at 30 fps using an Axis 207 network camera. Although 30
fps provided a smooth interlaced video, the low resolution of snapshots prohibited digital zoom and it
was difficult to even manually recognize targets.

To achieve better image stabilization in flight, a survey for a COTS gimbal was done. Since no gimbals
met our requirements and budget, a robustimuse gimbal system was designed and tested.

Threshold Characteristic Objective Characteristic Where we stand.

High resolution Images at High resolution images at limac¢ Threshold: 1 image every 3./

image every 4 seconds per second. seconds.

Nadir stability at all times. Nadir stability with controllable Threshold
gimbal.

Adjustable Zoom All camera parameter: Objective: All main camere
controllable parameters can be controlled

Shape Recognition Realtime shape recognition. Threshold

Color identification in Target Color of both shape and alphi Threshold: Color of Shape an
numeric Alphanumeric can be identified.

Visual GPS coordinate of Targe Real time GPS coordinates Threshold

Visual Characterecognition Real time character recognition Threshold: Provided if picture

guality is excellent.

Orientation identification Real time orientation Threshold:Manually possible
identification

GUI for Images GUI with real time recognition an Threshold: Easy to use GUI wi
identificationof images. manual character recognition.

Table 4 Key Performance Parametefsr Imagery System

2.2.3 Acquisition system Type Compact, Digital Point and Sho
After evaluating various potential options Weight 390 g
for the camera, the team f|na||y decided t Resolution and Zoorr 14.1 MP at 5x Optlcal Zoom
use the Canon G10 for the competition. | FOV 45 degrees

Max Shutter Speed  1/4000

Image Stabilization  Optical

Table 5: Specification chart for Canon G10

The onboard SBC controls all camera parameters like zoom level, shutter speed, and aperture width
using the open sourcdibgphotof A6 NI NEo® ! §Af AT Ay3 G4KS O YSNI Qa
bypassing the memory card enables a great performance increase, allowing images to be captured from
the camera at nearly 1/3 fps. The images are stored locally oorH®ard SBC and alsoansmitted to

the groundstation. A NE &y O¢é¢ O2YYIlIyR O2yiAydz2zdzat e anbya@KNRY AT ¢
SBC and the ground imagery terminal. The advantage of this feature iswbatn an event of a link
disconnection, theyueued upimagesget transmitted when the link gets restablished.

(@]

Due to the limited bandwidth, transferring an image takes abo@t £conds which is about the same
time as required to capture one image. Validated through many flight tests, the team is confident of
using sweeplgorithms with this time interval to adequately detect all targets in real time.



Delhi Technological Universitiiel]

A single axis roll compensation gimbal has been fabricated to provide image stabiliZ/zabn
compensation was deemed necessary as during the flight tests, it was obsbatesircraft sometime
banked as much as 45 degrees. The designed gimbal, which is controlled through autapjobvide
roll compensation upo 25 degrees.

2.2.4 Image processing
The team uses the following process for providing complete actionabldigietete to the Marines.

Connected
Components
Analysis

Image Filtering and Morphology
Acquisition Segmentation Operations

Histogram Shape Letter Graphical User
Analysis Recognition Recognition Interface

Figure 6: Image processing pipeline

The operating methodology implemented involves searching for sharp, continuous color change against
the background. All such candidate shapes are then filtered for fadséives, followingwhich color
detection is performed. The largest peak corresponds to the shape color and the next major peak that of
the letter. The extracted images are then sent to their respective classifiers.

The OpenCV Computer Vision C/C++ library has been ufiliged 4 KS GSIF YQa SF¥F2Nla o685
processing speeds it isoptimized for low levelprocessing it supports a large varietyof image
processing functions, and is portable to all operating platforms.

2.2.4.1 ShapeRecognition

Shape recognition is perfored by a novel approach wherein a ray is traced along the outer contour of
the target and the corresponding distance from the centroid noted for each angle. This results in a graph
with peaks corresponding to maximum distance from the centroid and vaitayssponding to the

minimum distance.

Figure 7: Shape RecognitieBehind the scenes
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Utilizing a derivative curve of the distances the pixels corresponding to the valleys and peaks are
determined. Based on the relative distances and angles betweere thharacteristic pointsshape
classification is performed to robustly recognize triangles, quadrilaterals, polygons, circles, semicircles
and shapes like stars and crosses.

This recognition schema has the advantage that firstly, it is invariant to sogd¢ipn, and skew and
secondly, it does not give any false positives as a signature based approach might.

2.2.4.2 Letter Recognition

For letter recognition a large number of approaches have been implementealvever, none of the
techniques have been robust. Tpeimary reason for this is the very small and distorted nature of the
segmented characters obtained from the image.

Thecurrentapproach involves usingumoments for letter descriptionHu moments are a set of seven

scale and rotation invariant numbers, or feature descriptors, which can be used to classify letters. The
closest letter is matched to the given image by a least distance method. This method reliably recognizes
letters that havevery little symmetry anddr are of good quality.

2.3 Autopilot

2.3.1 Overview

Due to persistent issues in developing a robushanse autopilot, the team decided to choose a COTS
product for 2011. So, a competitive analysis was done based on parameters likelsclhediget, ease

of procurement,ease of integration and tuning for various availabigopilots. FinalhArdu-Pilot Mega

an opensource autopilot, was choseramongstPiccolo, Kestrel, Micropilot, Paparazzi, Attopilot and
others. After comprehensive groumtesting and flight tests, the team was able to achieve all threshold
parameters of their KPP chart.

Parameter Threshold Objective Where we stand
Autonomy Attitude stability Waypoint navigation Objective
Navigation Static Waypoints Dynamic waypoints Objective
Modularity Integration withASTRA Plug & play with similar size Threshold
aircrafts

Take off & landing Manual Autonomous Threshold
Gimbal 1 axis stability Complete gimbal control witl Threshold
stabilization target locking, and manual

override for eAroute search.

Table 6:Key Performance Parametefer autopilot

2.3.2 Ardu-Pilot Mega (APM)

APM is an Arduino compatible, ep source autopilot which usesmegal?8 foprocessingand Atmega

328 for failsafe/PPM encoding. It also has an onboard hardwariplexer to switch between RC and
autopilot mode. Above the processor board resides a set of sensors constituting IMU shield that
providesattitude information to the APM

It provides omplete "Hardwarein-the-loop" simulation forsimulating the performance of aircraft on
ground.lts two-way telemetry andn-flight commandsapabilityusing the powerful MAW.ink protocol
provides dynamic control tASTRA
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Full mission scripting with poirgnd-click desktop utilities provides full control &STRArom the
Ground station

2.3.3 Sensors & On Board Peripherals

APM has an integrated IMU which provides roll, pitch, yaw, gyroscopic rates and accelerations. The IMU
was chosen over an infrared based therbd £ S &Sy a2NJ 4 GKSNXY2LIAf SQ&
significantly in fogAn onboard voltage sensor can provide actual battery levels tdvission Control

Centre MCQ. This feature can warn us in case of depletiagidry. APMalsoprovides an irflight data

logger thatis used for post flight analysis.

Garmin 18x WAAS enablgdPSreceiver provides precise 3D position of ASTRAThe RUAV ALT51
airspeedsensor fromRissa UAV Systermprovides accurate airspeeghtato the autopilot through an in
between SBCIhe team uses TB00 SB® process the incoming data from sfreed sensr andGPS to

route it to the autopilot It also pipes the GPS altitude and coordinates to the imagery SBC for geo
referencing of targets.

2.3.4 Hardware in the Loop Simulation (HILS)

With no prior experience of tuning an autopilot, a thorougliLSwas a necessary task before actual
flight autonomy could be achieve#PMoffers the capability of HILS usingpldnes flight simulator. X
planes malel o SIG Rascal 110 was made on whiakigation and stability gains were tuned in the
virtual environment. The simulation environment also helghd controlteam to get acquainted with
the autopilot features & be better prepared to perform an autonomoussiois later.

2.3.5 AutoPilot Integration and Testing

A gradual and progressive approach towards the objective of achieving complete autonomy was
F2{f26SR® ¢KS (St Y & windsiaSMultipled Baky S@riyddeh Nidildngfmdus p n €
aircraft. The aircraft besides having stable flight characteristics could be easily repaired in an event of
crash as it was foam madalext the tean tuned the autopilot with asize 6. 2 2 YSNI y3é¢ w/ | A
Complete HIL8N both the aircraftsvas done to simlate their performance in reallight and adjusting

the stability gainsin case required. After actual flights and a pfbigtht review, gains were radjusted

to further improve stability and navigation for next flight. Once dynamic autonomy was achigved
Boomerangthe team was convinced to move their system onto SIG Ra$0athe airframe to be used

in AUVI SUAS 2011.

Selection of altimeter and airspeed sensors was done only aftensinte ground and field testingd o
ensure precise altitude readisgthe barometricaltimeter was sealed in a bakmx. This eliminated any
possibility of a turbulent airflow hampering its performance. The performance of these sensors was later
re-adjustedand validated in the subsequent flights.
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Garmin 18X

Receiver

RS-232 PWM

ARDUPILOT

Flight Servos

TCP/IP

Airspeed sensor

Figure 8: Autopilotsystem layout

2.3.6 Autopilot Safety Considerations

Safety of the operators and the surrounding environment is a prime concern in an autonomous mission.
In the event of any equipment failureéhe autopilot failsafe is realized in twawvays The first is the
cusbmized autopilot failsafe that continuouskeeps a track oR/C radio link, losing which it engages
failsafe.The second is a PPM multiplexer which allows the RC piloatwallyoverride the aircraft any

time during flight.

The autopilot failsafe has been designéd accordance withthe rules set up by AUVSI fohet
competition. In absence of RC radio link for 868conds AutoPilotinitiates aspiral divemaneuveras a
failsafe measure

PPM multiplexer basically behavesaReceiverMultiplexer (Rx Muxjn case of any failure. This enables
afull manualoverridethroughthe R/C link in case plane behaves abnormalimid-air.

2.4 Communications System Design

2.4.1 Design approach:

A robust and reliable communication link is imperative ®BTRAFf A IKG 2LISNI GA2yad
persistent stint with unpredictable communication failures last year provided reasons to look for a
complete systenredesign It was found tlat the build qualityof antennaeand Ethernet cables in 2010

was inferior anchence demandedeplacement.
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The team procured higgain directional Yagi and Patch antennae and an intensive groaseld testing
and simulation commenced. A number of permutations and combinatiwese tried as part of
Developmental Tests to arrive at the final configuration.

The system shows great performance in a+4upban environment and marked improvement over serial
modems in an urban environment (university campus). The team has sucgessplémented the new
communication system in flight and no link loss observed till date proves its readiness to be employed in
SUAS 2011.

2.4.2 Developmental Tests and Adjustments

After through testing with serial modems it was confirmed that due to inherelaly baud rates
modems showed considerable lag & packet loss@ing telemetry. Further, grial modem was unable

to hold such large quantities of datehichled to slow update rate at MCC and loss of data packets.

Thus, he team shifted to the previously verified TCP/IP based communication system. TCP/IP is a
trusted protocol with many additional built in features that ensuredcryption andreliability of the
communication system. Serial to Ethernet converter is usedtwert serial data to TCP/IP format. The
system is capable of automatic reconnection in cade&loss.

The final communication system has a total of 3 wireless links between ground station and the aircraft:
a) 2.4 GHavirelesslink for telemetry anccontrol throughMCC

b) 2.4 GHz wireledimk for imagetransmission
¢) 2.4 GHR/C Radio linkfor manual control of aircraft.

2.5 Ground Station T p—

2.5.1 Imagery Terminal | \/ ‘

To present all target } ’ © @ SUBMIT KORM

information as  actionable ‘ N ‘ shape: (SR
" M Letter: [R

|

independent Qt GUhas been } N R
designed that presents the “ Color of Shape: | pink |
current image transferred from }"‘ ; Color of Letter: |yellow |
the BeagleBoard " ‘ |
|

GPS NORTH [30 45 36.102
In flight the camera is assumed }“‘““‘

to be pointing straight down

due to the nadir oriented »l“l "
the autopilot, the pixels to ‘

distance scale is calculated and

gimbal. Using the bearing and
altitude values obtained from
the GPS coordinates of the ZgN
targets determined.

intelligence, a platform

GPS EAST 40 46 0.04613

Figure9: Imagery terminal screenshot
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Additionally, to facilitate visual comprehension, a grid is overlaid over the image which divides the
ground into longitudinal and latitudinal degrees. The GPS coordinates of points in the image below the
cursor is showed in real time in the status bar.

The imagery teminal displays the incoming images on the secondary monitor while the operator works
on the primary monitor. Due to the assisted nature of the processing task, the operator cycles through
the images manually, positively identifying the targets acquirethbysoftware and those skipped by it.

The final decision of noting the target lies with the operator. The operator can also tag a target manually
by dragging a box around it on the GUI. For each positively identified target a pop up window is
displayed wirch is used to fill in the details missed out by the software. On submitting the data, a copy
of the target is made in a specified folder and its data is logged in an excel file with the corresponding
file URL.

The GPS coordinates of all the acquired insagiee tagged in their EXIF data which permits-igeging
all the pictures on any GIS or mapping software. Such a feature will be implemented in further
iterations of the GUI.

2.5.2 Mission Control Centre

The DTWUJAS Mission Control Centre (MA€)the interfae@ on ground withthe autopilot. It runs
HappyKillMoreGCS software which is the virtual cockpiA&TRAIt provides a moving 3D display of the
instantaneous aircraft attitude, overlaid on a map of the search areaAf§RAmMoves through
waypoints. It has the feature to dynamically change waypoints once the aircraft is in air, and define new
search areas. A pltig has been developed which allows the MCC to interface with Google Earth. This
facilitates overlaying clearly detd nofly zones and search areas on a satellite imagery map of the
terrain below the UAS. Warning alarms are generated if communication link is lost or battery level is too
low. The MCC provides a current display of air vehicle position with respectftp rones andgearch
areas. Altitude and airspeed dataailso visible.

&4, HappyKillmore's Ground Control Station - v1.2.48
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Figure 10 Mission Control Centre screenshot
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2.6 Power Systems:

2.6.1 Design approach

Experiencegainedfrom previous competitionandflight tests showed that the avionics battery must be
capable enough to support multiple flightsnd pre-flight preparations. A chart of individual power
consumption by avionics components was constructed & an estimated battery time was calculated. The
battery size was then accordingly decided.

Component Quantity Power Consumption(YV
1 Ardupilot Mega(including sensors) 1 2
2 TS7800 Single Board Computer 1 5
3 Beagle Board 1 5
4 Wireless routers 2 16
5 Camera 1 5
Total 33

Table 7: Power requirement chart

As evident from the table, a maximum of 33 watts of power is required to pow&FRAor an
estimated 1 hour flight time. ArimaryLithium Pdymer battery serves the purpose for above.

Currently, theflight servos are powered by the primary battery tl@sopowers the avionicsSo to add
redundancy, a secondabatteryisincludedto exclusively powethe RC receiver & flight servds case

the primary avionics battery fails in flight, the servo power system automatically shifts to secondary
battery andkeeps the vehicle in control.

To provide a regulated power supply to various avionics subsystenisy\Batimination Circuit (BEG
used. Cate Creations programmable BE&n provide rgulated output voltage between 4.8V to 12.5V
at high amperage ratgs They ardight andsmalland causeninimal EM radiation.

A central power control board has been developed to selectipelyer the systems during testing and
debugging to savévattery. Also an avionics startup procedure has been established betvileen
Ground Station Team and Aircraft team to ensure proper staang shut down oASTRAAS a safety
measure, the avionics and servo battery voltages are available at all times at the MCC.

2.7 System Layout

Since the competitiondemands minimum turnaround ime, importance was given to system
integration, avionics placement and modularity. The component placement was done keeping in mind
the following concerns:

Static Margin of Aircraft

Heating effects ath desired cooling of components
Accommodation of Gimbatl camera

Removal otomponents in case of emergency

Frequently replaced components should dpeicklyaccessible

arwbE

The effortwasto make the avionicsystemseasily accessible at dimes. This was fruitfulvhen lots of
flight tests were conducted in eompressed scheduléhis greatly shortenethe turnaround time due
to decreased clutter of onboaralvionics
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Figure 11 Systems placement

The batteries were placed in the froof fuselage sincea positive static margin wasequired Also the
heaviercomponents like gimbaled camera and tvaeless routers were placed abo@G and lighter
componentdike SBQ @nd antennas were let to reside in the aft fuselage.

The initial placement of avionics components was done using CAD.-Dhem@&lel of SIG 110nd
avionics were drafted in Solidorks which helped inensuring a neat hassfeee layout All the
antenna were placedfar awayfrom eachother. Frequentlyaccessed components were placed in the
upper deck.

Secure and neat wiring is a key parameter in ensuring the safety of UAS in flight. It also aids in quick
debugging in case any problems arise. Keeping these factors in mind, the wiring routes were designed
during the preliminary phase of the design. Altegiare labeled to ease connections. All the connectors

dzZiSR IINB dzyAljdzS a2 la (2 LINB@Syid lyeé | OOARSyGlt ¢
are twisted and have ferrite beads as filters to prevent any glitches. /lkied cables arelso shielded.

All Ethernet and serial cables are locked so as to prevent any accidental disconnections. The entire
system has been designed such that it could be assembled to-iighy condition by a single operator
in less than 20 minutes.

3 Mission Planing:

ahdairzy tftrFyyAy3a A&  ONRGAOFt ASTRAGeneraMyyt startkd Cf A 3
days prior to a scheduled flight test after a detailed pfiigiht review of the previoustest KS &8 a i SYQa
performance is gauged to identifyoints of improvement and a set of objectives idided. The team

outlines a flovehart of subsequent flight® be madebasedon success/failure criteriaf each individual

flight. A detailed flight path is prplanned in the lab using Google Earth and Waypoints are defined

for autonomous flight prior to leaving the lab. This ensures minimum preparation time on ground and


















