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INTRODUCTION

e Thegoal of ACTUAS is todesign and
assemble autonomous Unmanned
Aerial Vehicles (UAVs) for specialized
tasks involving surveying
applications.
e The knowledge and experience gained O C -|- U O S
would be shared to schools and
universities in the Pacific Islands.



MISSION STATEMENT

“To design and implement a fixed wing drone and a quadcopter
to survey the large plantation field of Kauai Coffee Company

(KCQC).”



BUSINESS REQUIREMENTS

e Determine the maximum number of trees that can be planted in Kauai Coffee

Co. (KCC)’'s 3100 acre field.
e Verify if KCC has a total of 4 million trees planted.
e Compare growth rates of trees in the same area and other areas to determine if

the trees are growing healthy.
e Determine areas where trees are not growing at all despite being planted.



SYSTEM REQUIREMENTS

Must be able to fly at least 30 minutes
continuously at an altitude that gives the most
efficient viewing without compromising the
quality of the pictures taken.

Must follow the intended trajectory i.e. follow
a set of waypoints autonomously.

Must have a max speed of less than 100 mph
(FAAreg).

Must fly lower than 400 ft (FAA reg).

Total weight cannot exceed 55 Ibs (FAA reg).

Fig. 1 Large scale planting on Kauai
Source: http://www.hawaiicoffeeassoc.org/kauai


https://www.faa.gov/news/fact_sheets/news_story.cfm?newsId=20516
https://www.faa.gov/news/fact_sheets/news_story.cfm?newsId=20516
https://www.faa.gov/uas/getting_started/model_aircraft

SYSTEM REQUIREMENTS

e On-screen display (OSD) and first person
view (FPV) must display altitude, velocity and
battery voltage at all times.

e Must be able to capture “birds eye view”
perspective images.

e Must be capable of hand launched, and land in
designated landing area. . _ il

e Must be able to capture and process infrared e e TN };Mnf
images of the target. ’ )
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Fig. 2 Sample FPV display
Source: https://lwww.impresspages.|t/view/15760/
cheapest-fpv-osd-with-gps-distance.html



e GPS(GNSS)

e Propellers, Motors, Servos, and ESCs

e Flight Controller (PixHawk 11 2.1)

e Airframe (My Twin Dream)



Flight Mode 2 PwM 1231 - 1360

Taranis Programming

PWM 1361 - 1430

Flight Mode 3

Flight Mode 4 PWwM 1491 - 1620

e Six flight modes are used for the drone, i : e
mapped to predetermined signal ranges
on Mission Planner.

e OpenTXsoftware is used to adjust
PWM signals for Mission Planner

PwWM 1621 - 1749

Fig. 3 PWM signals for each flight mode

CH1 T1:Ail Weight(+100%)

o CH2 I2:Ele Weight(+100%)
flight modes dependent on
CH4 I4:Rud Weight(+100%)

+= I1:Ail Weight(+35%)

switch flipped.
e Taranis mixer is also used to T e

:= MAX Weight(+17%)
= MAX Weight(+40%)

add rudder component to = HAX Weight(+100%)

4+ Move Up ¥ Clear Mixes + Move Down

aileron signals.

Fig. 4 Weights for each component on Taranis



Electronics Schematic

” Missing: Camera (Sony DSC-RX100M2)
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Electronics Schematic

!J Missing; Camera (Sony DSC-RX100M2)
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First Person View (FPV) Setup
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Onboard

Runcam Swift 2 FPV Camera
MinimOSD

e 58GHzA/VTx

Ground Station
e Quanum Diversity Rx

10.1” LCD Display
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First Person View (FPV) Setup
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First Person View (FPV) Setup

Onboard
e Runcam Swift 2 FPV Camera
e MinimOSD
e 58GHzA/VTx

Ground Station
e Quanum Diversity Rx
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First Person View (FPV) Setup

Onboard
e Runcam Swift 2 FPV Camera
e MinimOSD
e 58GHzA/NVTx

Ground Station
e Quanum Diversity Rx
e 10.1” LCD Display

|

ZW3T3L

14



First Person View (FPV) Setup

Onboard
e Runcam Swift 2 FPV Camera
e MinimOSD
e 58GHzA/VTx

Ground Station
e Quanum Diversity Rx
e 10.1” LCD Display
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On-Screen Display (OSD)

e MWOSD

o  MinimOSD Configurator
o Setup OSD Layout

e Mission Planner
o Send Pixhawk data to MinimOSD
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Drone Assembly

e Airframe - My Twin Dream
o Highwing, twin engine, tractor type propeller
driven aircraft
EPO foam
Build time 4 - 5 hours
m Noscrews and bolts necessary, except
for the wings, motors, and servos
UHU POR glue
Blenderm tape is applied on the hinges of
the control surfaces
m Assembly time 6-8 minutes
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Camera Mount Design

e 3D-printed camera mount designed on Fusion 360

O Camera Gimbal
O Fixed-angle camera mount

e Utilized foam pads to reduce vibrations on the camera
e Velcro strap used to secure camera to mount
e Whole assembly weighs ~300 grams (including Camera)
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Continuous Camera Trigger (in progress)

e Problem

o Sonycameras are not open source

o Unable to update firmware and/or program directly
e Solution

o Connect camera via multiport to Pixhawk as...
m Relay
m Servo

e |[ssueswith relay

o Unable totrigger the camera selectively
o Once plugged into Pixhawk, takes picture continuously
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MISSION PLANNER

https://www.micasense.com/rededge-m/

Will be using Pixhawk along with Mission
Planner to plan and execute the flight path.

KCC Property divided into 20 sections

Flight time for each section should be about
30-45 mins.

Expected to use a Red Edge camera

Example (section 1)

Area - approx. 640,000 m*2
Altitude - 100 m

Flight time - 16.5 minutes
Flying speed - 20 m/s

® 6 6 ¢ o

Expected to take around 350 pictures
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Area: 643604 m™2  Pictures: 353 Flight Time (est): 16:54 Minutes Min Shutter Speed: 1/2051
Distance: 16.23 km Mo of Strips: pal Photo every (est): 1.95 Seconds

Dist between images: 39 m Footprint: 1175x78m  Tumn Dia (at45d): 116m

Ground Resolution:  1.95 cm Dist between lines: 47 m Ground Elevation: 8-54 m




MISSION PLANNER ESTIMATION

r = 2h % tcm(%)

tgj\ — Sky y = 2h x tcm(%)

2
Oy
e = 2h % t(m(?)[l — w|

1y = 2h*tan(%)[1 — W]

h = distance from ground
a = angle of view (camera)

w = desired overlap percentage

A
Y

Ground ., p, = overlap distance

My Or g
" ’ X, y = length and width of a picture

A
Y

X ory
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MISSION PLANNER ESTIMATION

Ya Mission Area
y
X Xa
xa=ang — (N —Dpta ya = yny — (ny — 1)py
LA~ Mg _ YA — Hy
T Ny =
L — Ug Y — Hy

r = 2h % tcm(%)

y = 2h * tcm(%)

e = 2h % tcm(%)[l — w|

fhy = 2h * mn(%)[l — w]

h = distance from ground

a = angle of view (camera)

w = desired overlap percentage

My , My = overlap distance

X , y = length and width of a picture
n = number of pictures

Xa » Ya = total length and width of picturzess



Image Processing

e Manual
o Python, Anaconda, Cv2 coding software
o Previous Colleague’s Resources
o Image Categorization

m Fruit Detection

m Lane Detection

m Grayscale

e Automatic

o Neural-Networking

o Agisoft Metashape Software

|

vMétashap‘e f
Multiiclass\classificakﬁon»‘ e g | SR
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CONCLUSION

e Design and assemble a Fixed Wing and Quadcopter with the purpose of land
surveillance for KCC

e Must meet FAA regulations with a flight time of a minimum 30-45 minutes,
following waypoints, and capturing images

e Possibility of extension to outer islands including Guam, Marshall Islands, etc

Tarot Twin Dream
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https://www.robotshop.com/en/tarot-iron-man-650-folding-carbon-fiber-quadcopter-frame.html?gclid=Cj0KCQiA5t7UBRDaARIsAOreQthPbY2V9NWth9y0JNz_b6zR2TeyFyUHZMZxB-U2xSXavYakT4fSSMUaAjrmEALw_wcB
https://www.readymaderc.com/products/details/my-fly-dream-my-twin-dream-mtd-kit

Future Works

Continue to build the Quadcopter and Fixed Wing Drone
PID tuning in MATLAB

Integrating image processing to drone

Determine more accurate mission planning estimates
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