


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
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* 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

Davis



* 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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CSC-01

CSC-o02

CSC-03

CSC-04

CSC-o05

CSC-06

CSC-07

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.

CSC-08

CSC-09

CSC-10

CSC-1a

CSC-12

CSC-13

CSC-14

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

p S theniving

Evaluation Score
Cnitena Weight Ryobt one+ 18v {m RSSs0 MDS.2450 Ryob: cne+ 18v {ummn RSSs0 MDS.2450
P v [ P w
Speed - (5 ' 1 ' p. | 3 ’ £ [ 10 ’ 15 ‘
| Cost . (3) ‘ 2 ‘ 3 ’ 1 ’ 6 ‘ 9 ’ 3
| Size 2) ' 1 ’ 3 2 2 | 6 4
Total score 13 27 2
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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
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Driving Motors (Amp Flow)

A28-150: 2237.1 Watts (3hp), $344 E30-150: 745.7 Watts (1hp), 579 F30-150: 1715.11 Watts (2.3hp), $239
Evaluation Score
Criteria Weight
A2B-150 E30-150 F30-150 A28-150 E0-150 F30-150

Power 3 3 1 2 9 3 6

Cost 5 1 3 2 5 15 10

Size 2 ] 3 2 2 6 4

Total Seores 1 M ]
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Arduino Mega2560|  Arduino Uno MSSIFr:'F':’IZe IT_?:I:R EXP4I\3/IoS5F;_29LP
~$12.00 ~$2.00 ~$8.00 ~$7.00
86 14 40 40
16 6 8 8
1.8to5.5 1.8to5.5 1.6-3.7 1.6 -3.7
16MHz 8MHz 48MHz 25MHz
256Kb 32Kb 96Kb 128Kb
YES YES YES YES
YES YES YES YES
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Function

Generator

Rover with EMF
Sensor

Eduardo



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.

Eduardo



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

Eduardo
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Wednesday, Febry 1, 5
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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

Eduardo



ile Edit View Search Terminal

tecbundo@Bundo-Primera-Linux ~/catkin_ws

Tabs Help

tecbundo@Bu... X |

Help

unication

Magnetometer
Port
IdevtyACMO u
Actions
Clear
Send Cal

Status

tecbundo@Bu...

Motion Sensor Calibration Tool

ldeai calibration is a perfectly centered sphere

Gaps Variance  Wobble  Fit Error
0.2% 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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SBC

Arduino
H Bridge - ROS Serial
v v v
Boundary Wire
GPS Sensors IMU Sensor
Control App
React Native

¥

Lidar Camera
¥ ¥
ROS TensorFlow
Communication
Web Server

¥

Wifi Access Point
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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







* Inlieu 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




* Two obstacle detections:
1. Boundary wire (edge)

2. Lidar(detect object within a distanceand FOV)

¢ Third input of human detection (shut off)

Davis
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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

Jordan



Pi 3 Model B+

Feature (Predecessor*)

CPU 1.4GHz quad-core 64-hit ARM
Cortex-AS3

RAM 1GB

UsSB

ports 4xUSB 2.0
Gigabit (max. throughput 300

Ethernet  C0o0t( gp

Mbps)
Bluetooth 4.2, BLE

HDMI Single HOMI

Pi 4 Model B

1.5GHz quad-core 64-bit ARM Cortex-A72 (~3X
better performance)

1GB, 2GB, or 4GB

2XUSB 3.0, 2X USB 2.0

Gigabit (full throughput)

5.0,BLE

Dual HDMI, with 4K output

Jordan



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
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def gobackwards():

velocity_publisher = rospy.Publisher('/cnd vel', Twist, queue size=1d) def move():
vel_nsg = Twist() pub = rospy.Publisher('/cmd_vel', Twist, queue_size=18)

#print “talker functien"

speed = 1_ vel_msg = Twist()

vel_nsg. Linear.x = =1 vel_msg.linear.x = 1
#5ince we are moving just in x-axis vel_msg.linear.y = @
ve]__ngg.lin“r.y =0 vel_msg.linear.z = 0

vel_nsg. Linear.z = 0 vel_msg.angular.x = @
vel_msg.angular.y = @
vel_msg.angular.x = 0 vel_msg.angular.z = @
vel_nsg.angular.y = @ pub.publish(vel_msg)
vel_msg.angular.z = @ rospy.loginfo(vel_msg)
velocity_publisher,publish(vel_msg)

def callback(data):
global x
pub = rospy.Publisher('/cmd_vel', Twist, queue_size=18)
#print “talker function"
vel_msg = Twist()
#vel_msg.linear.x = @
vel_msg.linear.y = @
vel_msg.linear.z = 0
vel_msg.angular.x = @
vel_msg.angular.y = @
vel_msg.angular.z = @
for i in range(8,359):
if (i»270 or (i<9% and i»2)) and data.ranges[i]<1:
#x = True
vel_msg.linear.x = @
rospy.loginfo({vel_msg)
pub.publish{vel_msg)
time.sleep(12)

Jordan
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Printed Circuit
Board vi.0

Dimensions: 2.5"x2"
* Layers:2

* Viasused to connecttop
and bottom layers as
well as GND

* Pinheadersforeasy
testing, experimenting,
and debugging

E
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Wheel Motor [~ Motor |
1 Driver 1 "“ui;;f//
Q ATMEGA2560
N
________ I T
Wheel Motor [~ Motor | .-~ .
2 Driver 2
| 12V
Battery
Remote
Relay
--------- = Control Line
— = FPower Line \"}-"j “I”

Jonathan



Remote

-
-
-
-
-
‘0
-

12V
Battery

Tisnmes & Remote Relay

------- = Control Line
—— = Power Line

Loy
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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 $1205/1500
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Caster Wheel

Drive Wheels
Driving Motors
Trimming Motors
Trimmer Head
18V Ryobi 1.3Ah
18V Ryobi 4.0Ah
32 Qt latching box
Boundary Wire
GPS Module

SMA Adapter
Cable

GPS Antenna
IMU Sensor
Lidar
Perimeter Wire Kit
Odroid XUg4
Bearing Pillow

USB-Hub
Adapter

$15.86
$107.52
$84.33
$13.58
$17.69
$69.97
$119.00
$7.98
$18.95

$39.95
$3.95

$14.95
$14.95
$300
$9.95
$77.85
$15.95

$6.99

Quantity | Total

R B R R R B NN R R

[

[ = N E =

$15.86

$107.52

$168.65
$27.16
$17.69
$69.97
$119.00
$7.98
$18.95
$39.95

$3.95

$14.95
$14.95
$300
$9.95
$77.85
$15.95

$6.99
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bt lpice |Quantity |Totl

Intel RealSense
Camera

Wireless Relay

Ovonic11.1V
8ooomAh 3S 5oC
LiPo Battery
B3 RC LiP025-35
Battery Balancer
Charger7.4-11.1V

5pcs MaleT-Plug
LipoBag
Velcro Strips
Buck Converters

(5pcs)
Wire loom

Wire
Connectors
Connectors (robust)
Wire (robust)

$175.99

$28.69

$87.99

$10.99

$9.98
$7.77
$8.99

$26.59

$11.99
$15.99
$11.99
$10.99
$16.89

1

T T

$175.99

$28.69

$87.99

$21.98

$19.96
$7.77
$8.99

$26.59

$11.99
$15.99
$11.99
$10.99
$16.89

Davis



Department Cost Estimate

Mechanical Engineering $551.70
Electrical & Computer Engineering $653.30

Total $1205.00

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

Davis



Mechanical Engineering Department Order Process Errors/
Mistakes

COVID-19Uncertainties starting March g™ created issues for
integration

Integration of Mechanical and ECE Work hindered due to stay at
home orders from UCF and the state of Florida

Suppliers shut down for sourcing materials or slow

Jonathan



* Mechanical Body integration with Top Cover finished
* Integration of LiDar and Camera on the Body
* Integration of the trimmer head to the base plate body

* Proper Navigational Autonomy directed through Single Board
Computer

* Integrate more software safety features with sensor modules

Jonathan



Steven Cheney: scheney@knights.ucf.edu

Jordan Germinal:Jeanoio@Knights.ucf.edu

Eduardo Guevara: Eduardo.d.guevara@outlook.com

Davis Rollman: davisrollman@Knights.ucf.edu

Jonathan Smith: Jonathan.smith@Knights.ucf.edu



