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Design and Implementation of an Autonomous Mobile Robot for Slug
Detection and Safe Collection to Prevent Agricultural Damage »

Nabil Miri, Jana Marzouk, Abdulrahim EI Mohamad, Yahya Aljamal, and Hassan Hariri

Fighting Slugs in an ethical way
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 Decimate emerging crops

Plants Pests:

 Significant impact on yield

Black keeled slugs - Reticulated slugs

Harmful Types:

Costing UK farming about £43.5m a year
L ® .

* Heavy soils and wet areas in the high rainfall area
* Active after rain

* Poorly drained soils
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YQ Coffee Grounds ’ Hand Picking
Aroma . Manual and tiring

Slug Pellets & Traps

Detriment effect on environment Ineffective

Weather dependent
[metaldehyde]
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* Slugbot 2001 (University of West England)

* Last public article in 2013

* University of West England’s Intelligent
Autonomous Systems Laboratory
TIME 2001 invention of the year

Use rotting slugs bodies to generate
electricity

C M O S I Mma ge SENSOIS Under white light Under red light After thresholding
NMilan, WHaly _ 2024
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e Slugbot (Small Robot Company, CHAP,

COSMONIO and AV and N Lee)

Still under development

¥
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CROP HEALTH & PROTECTION

a

Small

LEE FARM SERVICES

Agricultural Contracting

e

* Detection based on morp

nological

features using Multi-spec
* Spraying system
* Used for big arable farms

ral Imaging
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SLUGYBOT

FIGHTING SLUGS
IN AN ETHICAL
WAY
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PLAN:

o

Design Navigation Constraints &
Future Work
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Collection Mechanism Design:

<> Implementation

2¢°

¢
BULLDOZERS i

ROLLERS A4 alat
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Collection Mechanism Design:

Initial Designs

—  ‘fest —

~ N
/ o\
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Collection Mechanism Design:

Distance Motor S!UE _SIUE_ Test # | Result 1 v
Speed | Size | Orientation 1 2 J
L | v 3 | v
1 2 v M 4 Y
3 v
M 2 5 v
4 v 6 /
C ey ey
35 6 N 7 v
RPM 7 1 8 v
. 5 3 9o | ¢
9 10 v
; 10 2 [u | v
2 11 12
0.8 cm dl
e 12 13 v
.5 cm
13 v 1 14 v
1 14 v 15 v
M
M 15 v 16 v
16 v 2 17 v
2 7 | 60 18 | x|
60 18 v RPM 19 v
RPM 19 v 1 20 v
1 20 v 21 v
21 S
S 22 v
22 2 23 v
2 23
24 | v | o
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Initial Designs CAD Design
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Drivetrain:

---------------------------------------)Implementation

NMilan, Haly _, 2024
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CAD Design

Initial Structure

1 Mechatronics and Robotics Engineering

Sl i

F e ,°'4\

x

Fmal Structure
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Drivetrain:

o — — — — — — —— e
I L EIRms
Power Bank Battery
|
| )
' l i
|
> Switch &
| f_'::aLmE!re:-.ua Rga;;;t;eerlrgfl‘ T J
| -
I T = [ ]
¢ 9. Motor Drive 4 Motor Drive & e
I GPS Arduino  |«— (DriveTrain) (DriveTrain) g;ﬁgggﬁi)
| ! J } I ;i
| | v v { :
| o O ) =) =
ensors Motors Motors Roller (DC
I *2 *2 motor)
|
- - -
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Training
Slugs Dataset on Kaggle

989 Photos

Our Own Dataset

Collected Slugs

Took images around the RHU Campus
200 Photos

Inference

YOLO
L4
Create RectBox
[Cuplicate RectBox
~
Delete RectBox
Zoom In
61%

Q

Zoom Out

Q

Fit window

&

Fit Width

Im

a

n Mechatronics and Robotics Engineering

La

belling

Labelling using Labellimg Program:

N T e T PP IMage CUCC958 OE DIBI T ¥ T}

Box Labels
(B edit Label

difficult

Use default label  dog

v sl
_

File List

] classes.txt
] 20220129_150911445_i0S.txt
| 20220129_150908684_j0S.txt
=] 20220129_150905284_jOS.txt
] 20220129_150902430_i0S.txt
=] 20220129_150900686_i0S.txt
| 20220129_150858571_i0S.txt
=] 20220129_150855533_i05.txt
=] 20220129_150851569_i05.txt
| 20220129_150845458 _i0S.txt
=] 20220129_150843030_0S.txt
=] 20220129_150837250_i0S.txt
=] 20220129_150834625_i0S.xt

] 20220129_150832116_i0S.txt

| 20220129_150830266_i0S.txt

31
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31
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33 8:43

~ 047

-

Jan-22 8:43

LL O3

22 B4

&l 04

2 8:50 PM

44 PM

8:43 PM

Text Document 1 KB
Text Document 1KB
Text Document 1 KB
Text Document 1KB

Text Document 1 KB

Tt __:1 20220129_150911445_i05.txt - Notepad

Tt File Edit Format View Help

115 9.525959 0.192956 0.112765 0.088294
715 9.281581 0.519345 0.155754 0.073743

T
T

It

Output Files Milan, Vtal
-

Commands
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----------- )m-----------) Inference ~ =« Commands
MODEL: YOLOVS5 TRAINED ON CUSTOM DATASET

YOLOvVS is a model in the You Only Look Once (YOLO) family of computer vision models.
YOLOvS is commonly used for object detection.

> > B B

P uitralytics

YOLOv5s YOLOvV5mM YOLOvV5I YOLOv5x YOLOVS
14 MB,_,, 41 VB, 90 MB_, 168 MB,,
2.0 MS, . - ms, . 3.8 NS .. 6.1 ms,..
37.2 mAP__ 44.5 mAP___ 48.2 mAP____ 50.4 MAP
Slug 80%
Train-Validation-Test Split:
P Model Params: O ut u‘t .
[Images] p )
_ --epochs 270
Train: 134 ]
_ --Img 416
Validate: 50 weights yolov5s.pt
Test: 16 gy g

NMilan, Haly ., 2024
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Data ——————————-)m-----------> Inference -----------> Commands

P Precision-Recall Curve

—— slug 0.981 Slug 80%

= 3|l classes 0.981 mMAP@O0.5

Output:

2
o
1

Precision

e
s
L

0.2 1

O-O ¥ T T T
0.0 0.2 0.4 0.6 0.8 1.0

Recall

Dataset Precision mAP50-95

Training 0.938 0.576

g
Yolovd Detection Sample:

Validation 0.936 0.579

Model Metrics Milan %l% 2024

February 27-29 g
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Raspberry Pi Camera Module V2.1

INTEGRATE
THE MODEL INTO
i THE ROBOTIC

q RHN\ * <%Model Inference

image _transport
Command

Raspberry Pi 3

Inference

>~5 rosrun image transport nabil _'I nabil-Idea F} ad:

S python3 cam_inference_ ROS_Servo.py

NMilan, Haly _, 2024

-aw out:=image raw

February 27-29 g
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Prediction Result:

fcmd_vel_vision

fimage_raw

@ic_sms_msugmzmasa

/detection_node
-

/Servo

rqt_graph

2024
February 27-29 g
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imgmsg to cv2(self, img msq):

Prediction Result:

~iX X_CENTER

Tl

Y_GENTER W H

5 b

15]]

e e = &

PREDICTION

DETECTION TO VELOCITY ?

/Servo

fcmd_vel_vision frostopic_5746_1650916270359
fimage_raw /detection_node

rqt_graph

NMilan, Haly . 2024
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Data ~ === wwwwwes Training « « « «««wwwee Inference — « « = v m

DEPTHINFO ?

Prediction

{ <

NMilan, Waly . 2024
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Data ~ === wwwwwes Training « « « «««wwwee Inference — « « = v m

DEPTHINFO ?

Prediction

{ <

RO

NMilan, Waly . 2024
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Move Forward
twist_object.linear.x = 1

Prediction

Turn Right
twist_object.angular.z = -0.3

Lefl

Turn Left
twist_object.angular.z = 0.3

Just Stop
twist_object.linear.x = 0
twist_object.angular.z = O

servo_pub.publish(true)

NMilan, Waly . 2024
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Design Navigation Constraints &
Future Work
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Marvelmind Indoor GPS Kit

~ 2024 10th International Conference on Mechatronics and Robotics Engineering

SlugyBot Pose &

Arduino marvelmind_nav
Code package

3 External Beacons i

1 Hedgehog : o
1 Modem Rotation Position

from from

Outputs
transformations
and odometry /@\

NMilan, Haly ., 2024
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Environment

Marvel Mind GPS/IMU
beacon POCkage

odom
data /hedge _pos_ang

marvelmind _nav::hedge _pos _ang

3 Externdl Sensor Fusion)

Beacons

(Complementary

/imu _quaternion

/odom _gps
geometry _msgs::Quaternion ?

nav_msgs::Odometry

/cmd _vel
geometry _msgs:: Twist

/emd _vel
geometry _msgs:: Twist MOP L Ser'ver'
Cam
Move _base

/map

/ecmd _vel
geometry _msgs:: Twist

NMilan, Taly ., 2024
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SPR_NAVIGATION
PACKAGE OUTPUT:

Global and Local Costmaps

C] Displays

Frame Rate
Default Light
v Global status: Ok
v" Fixed Frame
< Grid
M TF
7 local path
7~ global path
F- Map
+ [ global costmap
» + Status: Ok
Topic
Alpha
Color Scheme
Draw Behind
Resolution
width
Height
b Position
P Orientation
Unreliable
Use Timestamp
v I local costmap
» + Status: Ok
Topic
Alpha
Color Scheme
Draw Behind
Resolution
width
Height
b Position

4

. . .

") Interact | = Move Camera

Background Color [ 48; 48; 48 -

[_iselect ™ pMeasure ~# 2D Pose Estimate . 2D Nav Goal aF

) L2

- -

<= Focus Camera ¥ Publish Point

30
v

< e e s ] [« ©

/move_base/global...
0.7
costmap

Local Costmap
[DWA Planner]

0.05
189
195
0,0;0
0;0;0;1

Ll
/move base/local c...

0.7
map

Global Costmap
[Navfn Planner]

0.05

20

20
5.15;4.95;0

2024

February 27-29 o
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twist_mux working principle:

/cmd_vel_vision ==——p

geometry_msgs:: Twist

/cmd_vel_planner =—p

geometry_msgs:: Twist

XNUW ~1SIM)

oulnpJe~1aA~ pw/

2024 10th International Conference on Mechatronics and Robotics Engineering

TWIST_MUX
PACKAGE:

Command velocities’

priorities:

topics:

name :planner

topic :cmd_vel planner
timeout :0.5

priority :1

name :vision

topic :cmd vel vision
timeout :@.5

cmd _vel_vision

_priority :2  j¢————— isofhigher

priority

NMilan, Haly ., 2024
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PLAN:

\

Design Navigation Constraints &
Future Work
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Operational area: Vision System:
 Flat Surface - Camera Type
- Few obstacles « Model training
 Data

« Material Used
« Size of robot

NMilan, Haly . 2024
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> Centralized computation with > Develop algorithm to send

a Friendly Ul goals without Rviz
> Better Camera, more data, > Integrate Dynamic Obstacle
advanced models avoidance
> Collection Mechanism Material > Use Outdoor GPS Toolkit

NMilan, Haly . 2024
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nabil@nabil-Ideapad: $ rostopic
echo /fcmd vel vision

linear: linear:
x: 0.0 x: 0.857 6—
8.0 : 6.8

S rostoplc ec

linear:
x: B.6057 e
: 6.8

y: y:
Z: 6.6 Z: 0.0
angular: angular:
X: 0.0
y: 0.0
Z: 0.0

v
Z: 6.0
angular:
X: 0.0
y: 0.0
Z: 0.0

Vision » T wist Planner

nabil@nabil-Ideapad: S rostopic gnabil@nabil-Ideapad: nabil@nabil-Ideapad: S rostopic echo Jc
echo fcmd vel vision $ rostopic echo femd vel arduino

inear: linear:

X: 0.0 Xx: 0.0

y: 0.0 y: 6.0 y: 0.0

Z: 0.0 Z: 0.0 Z: 0.0

angular: angular: angular:
X: 0.0 X: 0.0 ¥: 9.0

y: 0.0 y: 0.0 y: 9.0
Z® =-E e Z: -8.2 e Z: 0.0

NMilan, Taly ., 2024

February 27-29 g
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jana@jana-ThinkPad-T440p:~/gps_ws$ rosrun marvelmind nav hedge rcv bin /dev/ttyACME
Opened serial port /dev/ttyACM® with baudrate 9660
[ INFO] [1643616045.799194770]: IMU fusion: Timestamp: 00169596, X=-0.078 Y= -0.554 Z=0.000 q=0.249,0.017,-0.007,-0.968

a=-0.321,0.226,0.567

INFO] [1643616045.803776030]: Address: 4, timestamp: 169721, 169721, X=-0.078 Y= -0.554 7=0.000 Angle: 0.0 flags=2
INFO] [1643616045.810574407]: IMU fusion: Timestamp: 80169721, X=-0.077

INFO] [1643616045.819663004]: IMU fusion: Timestamp: 00169721, X=-0.077

a=-0.013,-0.059,0.537

INFO] [1643616045.828650927]: IMU fusion: Timestamp: 00169721, X=-0.077

8
[
[
9 a=-0.016,0.011,0.597
[
9
[
9

a=-0.024,-0.013,0.534

7=0.000 q=0.249,0.021,-0.009,-0.968
7=0.000 q=0.249,0.022,-0.005,-0.968

7=0.000 q=0.249,0.019,-0.006,-0.968

Eile Panels Help

™ Interact | *5* Move Camera  [_] Select &- Focus Camera == Measure * 2D Pose Estimate " 2DNavGoal @ Publish Point
L3 pisplays x
~ & Global Options
. FixedFrame __ my frame |
Background Color [ 48; 48; 48
Frame Rate 30
Default Light v

v &

No tF data. Actual err...
» <€ Grid v
» ¥ Marker v

Fixed Frame
Frame into which all data is transformed before
being displayed.

Add

() Time
ROS Time: 1643616255.25 ROS Elapsed: 116.63

wall Time: 1643616255.28 Wwall Elapsed: 116.63

Reset Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options.

@ Views x
Type: | Orbit (rviz) v Zero

¥ Current View Orbit (rviz)
Near Clip... 0.01
Invert Z Axis
Target Fra... <Fixed Frame>
Distance 4.45057
Focal Shap... 0.05
Focal Shap... v
Yaw 0.785398
Pitch 0.785398
» Focal Point -0.17652;0.0152...

Save Remove Rename
x
Experimental

31 fps

22223D3D>

v=0.039,0.003,-0.00

Position received from
v=0.035,0.003,-0.00 GPS

v=0.031,0.002,-0.00

Rviz showing 2 green boxes as
the stationary beacons and 1
blue box as the hedgehog
beacon on the robot

NMilan, Taly ., 2024
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SPR_NAVIGATION 9
PACKAGE: % C

spr_navigation launch file:

<launch=
<arg name="map_file" default="5(find spr_navigation})/maps/roomyaml|"/> [ |
- B S
= MHI} EE:UET - 1 n I 1 I r r map_server ‘_f
<node pkg="map_server" name="map_server" type="map_server" args="5(arg map_file)"/>
<l move base --» ove base *--~—--—___.“:L
<include file="5(find Epr_navigatin:-n],u"laun::h,i’mwe_haze.laun::h"# -
<finclude>
<flaunch>

NMilan, Waly . 2024
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spr_navigation package DWA Planner:

2024 10th International Conference on Mechatronics and Robotics Engineering

DWAPlannerROS: _ #1Goal Tolerance Parameters | Trajectory Scoring Parameters

Xy poal tolerance: L. path_distance_bias:
yaw_goal tolerance: 0.2 goal_distance_bias: 1.0
occdist_scale: 0.02

forward point_distance: 0.325
stop_time buffer: 0.2

H Forward Simulation Parameters _
scaling _speed: 0.25

when robot is moving in a straight line sim_time: 1.5

max vel trans: 0.5 .
T vx_samples: 20
min_wvel trans: 0.25 —

max_vel_theta: 3 vy_samples: 0 i Oscillation Prevention Parameters

min_wvel x:-0.5
max_vel y: 0.0 latch_xy goal tolerance: false

min_wvel v: 0.0

max_scaling factor: 0.2

min vel theta: 1.5 vth_samples: 40 oscillation_reset dist: 0.05
an:n:__lim:x: 0.5 controller_frequency: 10.0 :

acc_lim_y: 0.0 ' .

acc_lim_theta: 3 publish_cost_grid_pc: true

NMilan, Waly . 2024
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;
e !
Imove_bass_simplargaal
focdem [ —
Jmore_baseiglobal coshmanicestmap
ez
Jmecad Easr oAl roemap
/move basmlocs corbmapimiTan st
HHW
]
hhm
l“"‘-——__m
\\Em

NMilan, Waly . 2024
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5555552
Our Solution
Specifications Metric (Final Product) Metric (POC) Unit
Operation time (battery) /0 45 Minutes
Area of backyard (m”2) 3x4 3x4 m?2
Weight without slugs 2 6 KG
L x W x H 15 %22 x 10 28 x 23 x 31 pilia
/cm
Storage capacity 10to 15 10 Slugs
Drivetrain Can navigdiSi m.uddy . can navigate in indoor spaces
rough terrains
Automatic Charging goes to charging station when _ /”m %ly 2024

the batteryis low

february 27-29 =
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>>>>>>>

Low Noise 60 (daytime) and 45 (nighttime) - dB(A)
Weather resistance P68 - 1K10 - N/A
Types of Crops in the Salads (Cabbage, Tomatoes,
. - N/A
targeted backyard Pumpkins...etc.)
Navigation 100% of the field covered - %
Disposal 0% Slug Harm 0% Slug Harm %
2024

NMilan, Taly
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INPUTS:

L\ 4

L\ 4

Without SF With SF

Nominal Robot Speed: 0.75 [m/s]@
Nominal Robot Acceleration: 0.25 [m/s*2]

Drive Wheel Diameter: 0.125 [m]
Friction Coefficient: 0.158

Weight and Motor

Selection

~ 2024 10th International Conference on Mechatronics and Robotics Engineering

OUTPUTS:

Motor Torque: 3.59 [Kg.cm]
Motor Speed: 114.6 [RPM]

Motor Used:

- 120 rpm, torque 18kgcm, stall current 7A

- 100 rpm, torque 12kgcm, stall current 2A ‘

) Rated No Load At Maximum Efficiency Stall
SEI::‘EJ' Model Voltage | Speed | Current| Speed Torque | Current | Output | Torque | Current
v rpm mA rpm Kgcm A W Kgcm A

13490-50 24 180 50 145 2 0.22 3 10 1
11750-490 24 12 45 11 10.0 0.1 1.2 40 0.7
11750-270 12 11 25 9 6 0.1 0.5 30 0.4
13490-70 12 60 50 48 2 0.15 1 10 0.6

37GB520)17320-70 12 96 100 80 2 0.32 1.6 12 2 I
20260-30 12 280 100 230 1.5 0.6 3.5 8 2.6
25150-50 6 152 170 125 1.5 0.85 1.9 8 3.5
17410-90 12 60 50 48 4 0.32 2 18 1.5
11750-50 24 125 45 100 2 0.15 2.1 10 0.64

ilan, Haly

2024
February 27-29 g
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Battery Sizing (50% of Maximum Current)

Component Currentin A Explanation
4 DC Motors 4 50% of Stall Current (2*4*50%)
Servo Motor 0.4 50% of Current at Max Load
(Lifting) (0.8*50%)
DC Motor 0.097 Continuous Current (A): 97mA
(Roller)
4 Motor Driver 0.06
Capacity 3.4178 Ah: Sum of the Currents * 45 min
(1 Cycle Operational Time)

Power Bank Sizing
Component Currentin A Explanation
Raspberry Pi 2
Arduino Mega 0.0732
Capacity 1.5549 Ah: Sum of the Currents * 45 min

(1 Cycle Operational Time)

Battery Sizing (50% of Max Current)

Component Currentin A Explanation
4 DC Motors 3.6 Operates for 90% of the time
Servo Motor (Lifting) 0.04 Operates for 10% of the time
DC Motor (Roller) 0.034 Operates for 35% of the time
4 Motor Driver 0.06
Capacity 2.8005 Ah: Sum of the Currents * 45 min
(1 Cycle Operational Time)

22223D3D>

45 min one

cy cle Battery Sizing

Worst-Case

12V 4400mAh 18650

Operational Lithium-ion Battery

Time
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running the package

jana@jana-ThinkPad-T440p:~$ cd gps_ws
jana@jana-ThinkPad-T440p:~/gps_wsS source devel/fsetup.bash

jana@jana-ThinkPad-T440p:~/gps_wsS rosrun gpsZ2odom gps_to odom.py

Rviz
showing
frame-links

base_link_gps

map_gps

odom_gps

I2I2D3>D>

obtained frame-links

rqt_tF _tree_ RosTFfTree - rqt

Recorded at time: 1648663018.69

Broadcaster: /gps2odom_10230_1648662725167
Average rate: 10000.0

Buffer length: 0.0

ost recent transform: 0.0

Didest transform: 0.0

Broadcaster: /gps2odom_10230_1648662725167
Average rate: 100.939

Suffer length: 1.06

ost recent transform: 1648663018.54

Didest transform: 1648663017.48

base link _gps

NMilan, Haly _, 2024

February 27-29 g
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. MSR-BOT-PROJECT (2016-2020) g A

* 2 Companies worked on this project
* Mainly for arable farming

* Uses Spectral Imaging
* Kills the detected slugs using nails
* Recognize slugs "Hotspots™

925 nm 975 nm

g: Substracted image Denoised image

24 49
Slug Density [% / gm] White: visited, Black: not visited Rty
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