


Device will be an autonomous vehicle designed to navigate
obstacles

A portable device that is highly durable to the elements of the
environment

Using a proximity wire, vehicle will be able to maneuver and
maintain a specific area to navigate

Mower will utilize sensors to detect objects (beams or people)
and stop based on proximity




* Solar energy provides very cheap power, after the initial large investment

- However, there are a few large upkeep costs, one of which is the upkeep of the
grass in the field, which was $200,000 last year at Duke Energy's site

* Most of the cost is human labor

* One potential solution is an autonomous electric rover, which not only save human
labor time, but also more environmentally friendly, as it is powered by electric
rather than gas



* To produces a rover-based robot and provide the articulated motion needed to move the
weed whackeracross the terrain and cut grass.

* To produce a Navi_%ation and Control solution to identify grass areas that need attention
(i.e., cutting), avoid any obstacles such as solar panel structures, and provide overall motion
control of the rover-based robot.

* To produce a power supply unit for the rover. Grass cut_tin% may take place at night and
charge during the day. To accommodate such a scenario the system must use a defined
battery storage technology with charging capability.

* To complete the challenge competition at during the month of Aprilin 2020. The main
objective is to complete the 10-Toot-wide, by 5o-foot-long course working around obstacles
within a 15-minute time constraint.
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Robotic rovers must use an off-the-shelf battery powered
trimmer (no metal blade must be string-based) to cut
grass.

The rover may consist of an off-the-shelf remote-
controlled system that is modified for the application but
should still have an autonomous mode or capability.

The robotic grass cutting rovers must be equipped with a
remote kill switch that can turn off the cutting system and
locomotion at a distance of approximately 5o feet.

An off-the-shelf battery and charger must be utilized.

The rover must be capable of safely navigating in uneven
terrain (~ 3-inch terrain differential over ~ 2-foot span in
any direction) without capsizing while avoiding a series of
obstacles.

No part of the system must be of a height no taller than 20
inches from the ground

The system must operate independently and have no
attachments to existing solar farm array structures.
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Total systems materials and assembly cost target: $1500

The ability to cut grass at an acceptable height (3 to 6
inches) is considered a plus.

The system must traverse the large areas and maneuver
around PV support structures.

Avoid any damage to surrounding infrastructure, the
environment and humans

Provide a math model to estimate how much grass area
the robot can cut per hour.

System to provide a secondary safety protocol to deal
with rogue objects, in addition to the remote kill switch.

The System also to include location beacon with
independent power supply for a defined period of time.
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Commercial vs Custom Mower Head

Ryobi one+: 9300 rpm, $69, largest Jiaruixin RS550: 30000 rpm, $15, smallest MD5-2450: 50000 rom, $85, medium size

Evaluation Score

Criteria = Weight = Ryobione+ 18v | Jiarusxin RSS50 MDS.2450 Ryobt cne+ 18v Jaruzan RSSS0 | MDS-2450

P v O P e

Speed (%) 1 .
Cost (3) 2 3 1 6 9 3
Size 2) 1 3 2 2 6 4

Total score 13 27 2




Comparing Custom Trimmer Motors

Evahiation Score
Criteria Weight | ] '
RS4S0 | IDA-MIBCVE | MDE2450AS-AAC  RS4S0 | IDA2135CVE | MDA-2450A5-AA-C
¥ " 113 & " 17
Speed g 1 | 3 10 : 15
Size 3 3 | 2 o 3 §
Cost . i l 2 i 2 4




Driving Motors (Amp Flow)

A28-150: 2237.1 Watts (3hp), $344 E30-150: 745.7 Watts (1hp), 379 F30-150: 1715.11 Watts (2.3hp), $239

Evaluation Score

Al8-150 E30-150 F30-150 AlS-150 E30-150 F30-150

9 3 6

Power 3 ki 1 2
Coet 5 | 3 2 5 15 10
Size 2 l 3 2 2 6 4

Total Seores 1 M ]




Arduino Mega2560
~$12.00
86
16
1.8to5.5
16MHz
256Kb
YES

YES

Arduino Uno

~$2.00

14

6
1.8to5.5

8MHz
32Kb
YES

YES

MSP432P401R MSP-

SimpleLink

~$8.00
40
8
1.6-3.7
48MHz
96Kb
YES

YES

EXP4305529LP

~$7.00
40
8
1.6-3.7
25MHz
128Kb
YES

YES



Function

Generator

Rover with EMF
Sensor



Function Generator:

* Driven by an NEg55 timer
integrated circuit

* Create a functional square wave
and output over 150ft
* Output frequency target:
* L=30Khz
* H=43Khz

Tank Circuit:

* LCCircuitto for reading the
frequency of the function
generator

¢ Calculated Resonance frequency:

© ~34Khz
* An Op-Amp LM324 will be used
to amplify the signal gained from
our circuit.



100m Automower Boundary Wire 20AWG

3xED10561-ND, 125V, 6A, 1x02 2.54mm Screw Terminals

TINEg55P Timer

TILM324N

4x1MQ(1206), 4x10kQ(1206), 1x3.3kQ(1206), 1x22kQ(1206), 1x47Q(2W Axial-0.6)
2x22nF(1206), 1x100nF(50V 1206), 12x100nF(1206), 1x1pF(1206), 1x1.2nF(1206)

2xRLB0914 Inductors 1mH

10x5cm Plastic Container
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Accelerometer 3-Axis DOF 14-bit 1.563 to 800 Hz

Magnetometer 3-Axis DOF 16-bit 1.563 to 8oo Hz

_ Gyroscope 3-Axis DOF 16-bit 12.5to 800 Hz

1.95 -3.6v 1.95 -3.6v

+250 /500
2 e e /1000/2000¢°/s
240pA- 8opA 2.7mA

-4,0° t0 +85°C -40° to +85°C



tecbundo@Bundo-Primera-Linux ~/catkin_ws

ile Edit View Search Terminal

Tabs

Help

.tecbundo@ Bu...

Help

unication

Port

IdevtyACMO u

Actions

Clear
Send Cal

Status

ol

Magnetometer

tecbundo@Bu...

Motion Sensor Calibration Tool

ldeai calibration is a perfectly centered sphere

Gaps
0.2%

Variance Wobble  FitError
33% 0.5% 32%

x ” roscore httpi.. X ”techundo@Bu... x Htecbundo@Bu... X & -

Calibration

Magnetic Offset

6546

9955

95.36
Magnetic Mapping

+0964 -0.035 +0.010

-0.035 +0.571 +0.009

+0.010 +0.009 +1.070
Magnetic Field

4149
Accelerometer

0.000

0.000

0.000
Gyroscope

0.000

0.000

0.000
Calibration should be performed
after final installation. Presence
of magnets and ferrous metals
can alter magnetic calibration.
Mechanical stress during

assembly can alter accelerometer
and gyroscope calibration.
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tecbundo@Bundo-Primera-Linux ~/catkin_ws

dit View Search Terminal Tabs Help

”roscore http:/... % ”techundo@Bu... ® l tecbundo@Bu... X |& w

status:

service: @

position_covariance: |0.8, 0.8, 6.8, 0.8, 6.6, 0.8, 0.0, 0.8, 0.8]
position_covariance type: @

8
28.6136894226

position covariance: (8.8, 8.0, 8.0, 0.8, 0.8, 9.8, 8.8, 8.8, 8.0]
position_covariance type: @
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INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]
INFO]

158105409
1581054097
1581054097
1581054097
1581054097
1581054097
1581054097
1581054097
1581054097
1581054097
1581054097
1581054097
1581054097
1581054097
1581054097
1581054097
1581054097
1581054097
1581054097
1581054097
1581054097
1581054097
1581054097
1581054097
1581054097
1581054097
1581054097
1581054097

e R W B W N e B e N e B e B e B e B B e B I e B e e e e B e B e B B B e B e N

.189098] :
.190069] :
.191099] :
.192068] :
.193066] :
.194043]:
.195084]:
.196074] :
.197276] :
.198081] :
.199033] :
.200022] :
.201016] :
.202019] :
.203124]:
.204096] :
.205128] :
.205985] :
.207084] :
.208026] :
.209115] :
.210192]:
.211040]:
.212072]:
.213060] :
.214069]:
.215087]:
.216031] :

person
person
person
person
giraffe
person
person
person
toilet
cat
person
person
chair
person
chair
person
person
person
chair
person
person
person
person
person
toilet
person
person
person

oD)

1

u : Cop
1‘ # Lic
M

Free space: 9.4 GB

(x=501, v=124) ~R:109 G:114 B:108







* In lieu of a wireless data internet connection such as LTE, the rover
will have a wifi access point built in, and all outside connection will
go through that.

* This limits us in range, but it will still be useable for our
requirements

* The mobile app (written in React Native) will communicate over a
simple REST api to the main ROS node, and allow a user to
perform basic functions such as starting and stopping the rover



2t ROS

“ Open Source Robotics Foundation

@debian
cha
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Size 83 x 58 x 22 mm approx.(including cooling fan)

RAM 2Gbyte LPDDR3 RAM PoP stacked
CPU Samsung Exynos 5 Octa 5422 (4x up to 2.1 GHz + 4x up to 1.4 GHz)
Storage Supports eMMC5.0 HS400 and/orMicro SD
GPU Mali-T628 MP6
Video Full HD
UsB 2xUSB3 1xUSB2
Power source 5V/4A
Storage types Micro SD EMMc Sata(optional)
Network Connectivity Gigabit Ethernet
CPU Instruction set ARMV7-A
GPIO 24 Pins

Display Port HDMI 1.4a



Object
Detection(Lidar)

Lidar scans its environment and
collectdata

e Thedatacollectedis broadcastedon
/scan topic

* Lidarcanbe used to detectobject
whichiswhy we used as part of our

object detectioncomponents

*  Very accurate and fast

odrold@dodrold:~% rostoplc type
sensor_msgs/LaserScan
odroid@odroid:~$%$ rosmsg show sensor msgs/LaserScan
std msgs/Header header

uint32 seq

time stamp

string frame id

float32
float32
float32
float32
float32
float32
float32

angle min
angle max
angle increment
time_increment
scan_time
range min
range_max

float32[] ranges
float32[] intensities




def talker(hello_str):
global x

#Name of Node we want to Publish to

pub = rospy.Publisher('chatter', String, queue_size=18@)

rate = rospy.Rate(18) # 18hz

if x:

rospy. loginfo(hello_str)|
pub.publish{hello_str)

rate.sleep()

else:

pub.publish(®No")
rospy.loginfa("No")

def

callback(data):
global x
#print len(data.ranges)
#print data.ranges[®]
#print data.ranges[188]
if data.ranges[359]<1:
X = True
else:
¥ = False
talker("Yes")
print data.ranges[359]

#print "looo"
#return x

def listener():

#Name of Node

rospy.init_node('scan_node')

#setting the name of the topic we want to subscribe to

sub=rospy.Subscriber("/scan", LaserScan, callback)

# spin() simply keeps python from exiting until this node 1s
rospy. spin()

stopp
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Printed Circuit 00000000 090000000
Board vi.o MEE 2

* Dimensions: 2.5"x2"
* Layers:2
* Viasused to connecttop

and bottom layers as
well as GND

E
)

.

)

@‘

]

@‘
a

A

* Pinheadersforeasy
testing, experimenting,
and debugging

20000006 Q)
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- Option to be personally financed

* Primarily financed by Duke Energy and Orange County Utility

- Total Budget provided by Duke Energy and OUC: $1500

- Total Budget currently used: approximately $1040/1500




$1,500.00

104011

$459.89

2.0 Ulfra-Mini Hub
Adaoter

Part Description Price Quantity Total |I.lrl:
o - hittps: o amazan.
Sbaelm(DZ?ms—i_m inch swivel Siaclax D258 Bwivel
heavy duty induskial whesl. 440 comiSie slex 02551 Suwek:
pounds weight capacity.
Caster Whesl | Mounting plate measuras 4-12 $15.86 1 $i5gg [ BIOWIRDIG relse 1
by inchas. Distance batwaen |9 Phenwords=rubbord,
holas: 346 x 2957 % =157 297 58818
- . 2Bwheelsfigd=157287 588165
Height to Mounfing Plate: 7 48" £ : =
=industial s 1-05&th=1
ATR Wheal and Shaft Set Pair | hitps: v sup erdroidrobots,
- Bmm bore - 10 inch Tracfon Lug com/shop/item. sspwatr-wheel-
Dvive Wheels Jtem #: $107 52 1 $107.52 ‘anchehaft set-pai-Bmmbore-
TD-163-008 | 10-inch -iraction-ug 885,
Lyrxmotion 12V ml-pn 2.1 its.duew.cabotshap.,
Driving Motors  |oz-in 1:26.9 Brushed DC Gear 84,33 2 $168.65 00 1102 126B-trushod:
Mator w' Encodar om-cs 170z -n- 1o b brishad
|gdc-gear-molor-w--sncodar. himl
mely_e Universal 550 150dd0RF M " encoding=U TFB&p E' d d =BD
Electric Mator RS550 12V Motor 7HPO55558pd rd —23biddd
Trimming Motors | Drive Engine Accessory for RIC Car $13.58 2 $27.16
. . 6-8501-4cB4-achi-
(Children Ride on Toys Replacemen
Sb3a07d3E51ckpd rd w=ZK1
Parts ¥R&nd rd wo=GIN &N rd o
=52bTEO2c- 2dchdacE-Bddd-
dafiE0045e&nf rd =MOG
(GG TPEINMB R22 HAB. FApsc
R2ZH3EJF
Bettar Heads LLC MaxPowers | bt Cwewew amazon,
PivoTrim Universal Replacemant ‘com/Fivo trim-Ma xpower-
Trimmer Head  |3317233 Head Usaes .085-Inch $17.69 1 51769 3317 233 -Trimm er-0 95 -
Pra-Cut Trimmer Line, 11.25" L x
T5 W x 4" H, Multi ref =fscip ol dp 2
N hittps: fweanw. amazon.
Bise Plats %"?;‘T;Tg.ﬂ;;‘g} $49.99 1 $49998  |comiAluminum-Shest-Plats-
125-505 2/dp/BODSE002GE
DOWGTEK 5001t Boundary Wine For
Boundary Wirs |1 C i Thog Fenee Syorem §18.95 1 §1895
Adafruit Ulimate GPS Breakout -
GPS Module 66 channel w/10 Hz updates - $39.85 1 $3085
Version 3 PRODUCT |D: 746
SMAtouFLi. | SMAto uFLL FLAPXIFEX RF
FLIFX/IPEX RF Adapter Cable PRODUCT ID: $3.95 1 $3.95
Adapter Cabla B51
GPS Anfenna - Extemal Adive
GPS Artenna Antenna - 3-5v 28dE § Meter $14.95 1 $1485
SMA PRODUCT ID: 860
Adafruit Pracision NXP 9-DOF
Breakout Board - FXOSETO0 +
IMU Sensar FXAS21002 PRODUCT ID: £14.85 1 £14.85
34563
Shipping on Adafruit ftems fisted above 5782 1 $7.62
RobotShop Perimatar Wins
Parimeter Wire Kit |Genarator and Sensor Saldaring $9.95 1 $8.95
it
Odroid XU QRO XUA with active cooler £77.88 1 £77 88
and pawer supply
Eearing Pilow $15.95 1 £1595
AmazonBasics 4-
Port USE to USE $6.00 1 $6.09

USE-2-0-Ultra-




Department Cost Estimate

Mechanical Engineering 579.29
Electrical & Computer Engineering 460.82
Total 1040.11

* Hadto re-order the ODROID due to a mix up in the UCF purchase process




Research

Design

Prototyping

Software
Development

PCB
Development

Testing

Total

Progress Bar Chart

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

M Progress as Percentile



