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The Development of Automatic Harvesting Tomato Robot Arm by Using Deep Learning
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Abstract

This research aimed to develop an automatic harvesting tomato robot arm using deep learning by
designing and inventing articulative 5 degree of freedom robot arm with inverse kinematics used for the
movement of the robot arm and using a convolutional neural network to detect tomatoes through two
webcams. To control the working by a computer software through a microcontroller, it was to control the robot
arm for the harvesting tomatoes automatically. The results showed that the robot arm had the mean error of
the X, y and z axis movement valued 2.77%, 2.79% and 1.66%, respectively. The precision of tomato
identification was 0.99. Tomato detection accuracy could operate correctly in overall more than 95%, enabling

to harvest tomatoes correctly 1009%.

Keywords: Robot Arm, Automatic Harvesting Tomato, Deep Learning, Convolutional Neural Networks, Inverse Kinematics
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ANTUNTITY
%umauﬁ%ﬁumﬁaﬁ”aL%"méfumnmiﬁﬂm%’aa@ DONLUULAZES1SLIUNG miﬁm@?ﬁzwmuqm NINAEDU
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1. 9ONLUULAZASILIUNG
1.1 ponuuuksuna felusunsy SolidWorks daUsznauludae daudasa daugiu (Base) uag
gAIuAN druuunausznausmgvieuwuy (Link) Yesie (Join) wavdiuiledu (Gripper) Faandlunmd 1 (n)
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1. HANISANYIFAAIENSNNAUVBILIUNE (Inverse Kinematics)
1.1 Link-Joint Diagram ®una Usenaune %’aaimwwmﬂu (Revolute Joint) 5 Tas® LarViauLIu

(Link) 4 viou neszezszninddesermmualiniu L; wazyulunsindeuiinvualinidu q; dawandunind 4
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AN 4 Link-Joint Diagram U9l uunafnassgu

1.2 71579 Denavit-Hartenberg Mvuarsdwesiiielidenndesiuiifinveswvunalaesuaingiuluds

druvanevasvuna (Denavit, J., & Hartenberg, R. S., 1955)

A1519% 1 11519 Denavit-Hartenberg UaILIUNANAT 1V

Uo6e q; (8371) d; (wupLung) L; (wugiiung) o (837)
0 do 11 0 90
1 q1 0 38 0
2 q2 0 27 0
3 q3 0 20 0
4 q4 0 10 0
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1.3 971 Link-Joint Diagram ay #1919 Denavit-Hartenberg azla Transformation Matrix S¢%#3i199006 0

De
=D

[cosq, 0  sing 0
op _ |Sinqg 0 —cosq, O
R, = 1
! 0 1 0 dy ()
0 0 0 1
[cosq; —sing; 0 Ljcosq;
1p _|singg cosqy 0 Lysing;
0 0 0 1
[cosq, —sing, 0 L,cosq,
2p _|sing; cosq; 0 Lpsing,
0 0 0 1
[cosq; —sing; 0 Licosqs
3p _ |sings cosqz 0 Lzsings
0 0 0 1
[cosq, —sinq, 0 L,cosq,
ap _|sing, cosq, 0 Lysing,
Rs 0 0 1 0 (5)
0 0 0 1
°Ts = °Ry 'Ry *R3 °Ry *Rs (6)

AN 5 Transformation Matrix SE%I19U0ABYILIUND

a = v

2. uan1sAnwINTISeuzIdsanalelasedteyuszamuuuaauligdu (Convolutional Neural Networks,
CNNs)

2.1 Yumaunsai1a Tomato Dataset w3eagUuziliomeadnuiy 100 U dwmsuiin Dataset #an1nil 6
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2.2 i mdnmseuluvinnisasne Dataset W1 Roboflow Frameworks

Create Project

1 © New Public Project
Project Type Whatis This?
Object Detection (Bounding Box) v

What Are You Detecting? @

Tomato

Project Name

Tomato

License

CCBY 40

Cancel Create Public Project

mwft’i 7 n13 Create New Project \den Project Type uag ﬁ'ﬂ"ﬁla Project
(#1211 https://app.roboflow.com/project-Orgt5/create)
2.3 'é”wiwamgﬂmLﬁduamﬂﬁ%’mm'%auﬁ N Assign Images WaznA Start Annotating LievnssEyswma

NAYBINLLTBNA
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Updated Apr 27, 2623

1A 8 MsszyRaiuisvamzowmalUly Dataset

(fisn: https://app.roboflow.com/tomato-svejl/TomatoDataset-jwrno/images)

o ° ° P & v L. & o a
2.4 RIINMATUVINAN VI']ﬂ']iLaE]ﬂ'ETJVNﬁlIﬂL‘U']Qﬂigin'hm'ﬁ Tralnlng IWEJLL'UQLUUﬂ'Tﬁ PNATNN 9

@ roboflow Projects Universe Documentation Forum wonEnod yanlsyaums v

@ What's Train, Valid, Test?
m Method

Add All Images to Training Set

Add Images To Dataset

Add 100 images to dataset

Image Distribution
Train: 100 images
Valid: 0 images
Test: 0 images

@ Tomato

You are about to add 100 images to the dataset
E universe Page
0 images will be sent back as part of a new job

@  upload
Q. Assign
Add Images
B Annotate
1B patacet o
1 UPGRADE

Ai 9 NsLiiugUlingnsEuIunis Training

(17134’1: https://app.roboflow.com/project-0rgt5/tomato-svejl/annotate/job/addToDataset)

2.5 110 Training @33 19vinn13 Export Dataset Ingidenguiuuyes Dataset flazldaina Model sioly
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JSON
coco
CreateML
XML

Pascal VOC
TXT
YOLO Darknet
YOLO v3 Keras
YOLO v4 PyTorch
Scaled-YOLOV4
YOLOVS Oriented Bounding Boxes
meituan/YOLOV6
YOLO v5 PyTorch
YOLO v7 PyTorch
YOLOVE
csv

biact Datact
YOLO v5 PyTorch

with YOLOVS.

) show download code

@ download zip to computer

A 10 N3 Export Dataset \iohlu Train/Test Model

(fisn: https.//app.roboflow.com/project-Orgt5/tomato-svejl/1/export)

2.6 Tumaunsassliaauag Train/Test Model 914 GoogleColab 1donguwuuluaa 1u YOLOVS wnld

&wsU Train/Test Model dalunnd 11

D S Tomstoipmb B wondadi 2% e @ ?
Wi wfy spee wwin fulwl wlaefla mhowmda  fuinnsdoualanfivie
= . Ran
= d 0 x  *+We o+ sem o .
o B R ® 11
[
[ -
1L g dive <[] from google.colab import drive
+  MyDrive drive.nount('/content/drive' )
[=]
~ + mmyolovs tveoB RO 8
+ mm classify 7 @ !git clone https://github.con/ultralytics/yolovs # clone
) deta %cd yolovs
%pip install -gr requirements.txt # install
» a models
+ i segment import torch
» s tmport utils 1

| CITATION ot display = utils.notebook_init() # checks

(B CONTRIBUTING. YOLOVS &7 v7.8-155-g8ecc?2? Python-3.9.16 torch-2..84culls CUDA:@ (Tesla T4, 15162Mi8)
B LICENSE setup complete [ (2 CPUS, 12.7 B RAN, 23.3/78.2 6B disk)

B README md
B README 21vON. [ ] !python detect.py --ueights yolovss.pt --ing 640 --conf 0.25 --source dats/images
B benchmarks py # display.Image(filenane="runs/detect/exp/zidane. jpg’, widths6ee)

B detectpy

detect: weights=["yol *], source-data/images, data=data/cocol2s.yaml, ingsz=[640, 648], conf_thres-8.25, lou_thres=0.45, max_de

B ewortpy requirenents: /co rements.txt not found, check failed.
=) B hubcontpy Yoiovs £ v7. 314883 Python-3.9.16 torch-2.8.8+cullB CUDAIG (Tesla T2, 1516248)
B asementsot - sty Taers
B 548308 i

YOLOVSs summarv: 213 lavers. 7225885 parameters. @ gradients

Amd 11 nmsadslana YOLOVS e GoogleColab
(fin: https://colab.research.google.com/drive/1kY4i23jY8 KHKjudleUY2VJBW3IIN7Du#scrollTo=-4FmILRLig8b)

2.7 %8991nA15 Train Dataset 1@Sasausastinluma 11715 Test Dataset MioMNANANUNIEINTI
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( £ Tomato.ipynb
WA uily uueas uvsn Swlvsl edasda ananhawmda  duiinnisuldsuslasiovuauds

B uancermdavin A% uwwi £ @

RAM

= Tud M X + Wa  + damm Vi T ~
[ wandb:
N wandb: Run summary:
Q R ® wandb best/epoch 98
wandb: best/mAP_@.5 8.995
x} o - wandb best/mAP_8.5:8.95 8.88628
» [ drive = wandb: best/precision @.99917
~ m yolovs wandb: best/recall 8.99984
wandb metrics/mAP 8.5 ©.905
> classify wandb: metrics/mAP_8.5:6.95 ©.885634
» Bm data wandb metrics/precision 8.99917
db metrics/recall @.99985
models wan
> . wandb train/box_loss .81413
> Il runs wandb train/cls_loss 9.0
) @m segment wandb: train/obj_loss ©.00896
test wandb val/box_loss 6.86628
> [ test wandb val/cls_loss @.@
) mm ulils wandb: val/obj_loss ©.86286
CITATION.cff wandb x/1ré ©.0003
. wandb: x/1rl @.0003
B CONTRIBUTING.md wandb x/1r2 8.8093
B LICENSE wandb
B READMEmS wandb: g7 View run at: https://wandb.ai/p-boonprachan/YOLOVS/runs/q3j9czfz
wandb: Synced 5 W88 file(s), 17 media file(s), 3 artifact file(s) and & other file(s)
[B README.zh-CN.md wandb: Find logs at: ./wandb/run-2023@423_061305-q3j9czfz/logs
B benchmarks py wandb: WARNING A\ wandb is deprecsted and will be removed in a future relesse. See supported integrations at https://git
<>
B detectpy < 4
= export py T e BRE W
B Bt v @ !python detect.py --weights /content/yolovs/runs/train/exp/ueights/best.pt --img 649 --conf 8.25 --source test/
- B hubconf py
B requirements.txt A
@ o E— a\iSn 54.56 GB

AAl 12 A5Eimesengg NlAnAns Train/Test Model

(‘17'1|m: https://colab.research.google.com/drive/1kY4i23jY8_KHKjudleUY2VJBW3IIN7Du#scrollTo=9CW8GzOWS5Y)

2.8 f081IN159 59T URaNZTOINAINTUAM 1899INNS Train/Test Model taSaiseusesdunalainasd

nseUsEUTNavezlawmAnTaNUanAIAINWiug (Accuracy) Tun15ns9du dwandlunmi 13

to 0,91

o 0.90!

AN 13 AIDE1NITHTITTUNANLLTBINA LaLAIAIULLIUEN
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3. HAN1SAADUNVIILIUNANUIAAEASHNNY (Inverse Kinematics)

A151991 2 HANNSHARDUNVBILVUNARIUIAAERSHNNY (Inverse Kinematics)

fuvtauunaiisimun muvsuunaiindouiins wWesidumumandounds
e (WuALun3) (23¢1) (L wuRuns) (29711)

X y z gl g2 g3 aqd X y z ql g2 g3 qd X y z gl g2 g3 qd
1 58.3 61.5 0.0 69.2 55.3 65.1 60.2
2 60.0 60.0 0.0 67.74 55.70 64.00 62.14 57.1 59.1 0.0 67.9 555 65.6 65.1 2.33 0.33 0.00 0.53 0.12 1.82 1.12
3 60.4 58.8 0.0 67.2 56.1 64.8 63.2
1 533 50.1 9.4 74.2 81.1 67.1 86.2
2 55.0 50.0 +9.0 73.93 79.28 67.19 86.00 55.4 47.5 9.1 73.4 81.4 68.8 84.5 1.03 2.47 1.11 0.31 2.21 1.01 0.62
3 54.6 48.7 8.8 73.5 80.6 67.4 85.7
1 43.4 37.5 14.4 85.8 1104 719 113.7
2 42.0 40.0 +14.0 84.36 107.51 7204 11790 442 38.2 13.5 84.7 108.0 723 1125 342 4.83 0.00 0.60 0.95 0.08 4.07
3 4a2.7 38.5 14.1 84.1 107.2 721 1131
1 51.2 42.2 -4.5 79.0 91.3 70.9 99.4
2 50.0 45.0 -5.0 78.13 92.25 69.15 100.65 524 44.2 -5.3 78.5 93.3 69.2 99.8 3.13 3.93 3.33 0.35 0.09 1.13 0.51
3 51.1 433 -4.7 7.7 92.4 69.7 101.2
1 43.2 36.5 -12.4 85.8 112.1 717 122.8
2 40.0 38.0 -13.0 85.42 11190 71.86 123.09 39.4 37.3 -11.5 86.2 1115 715 121.8 392 2.37 3.85 0.37 0.27 0.78 0.56
3 42.1 37.5 -13.6 85.2 1112 70.7 122.6

INENTNA 2 HANILATOUNVDIVUNARNUIAAEATNNRY (Inverse Kinematics) wuitnisipfiouiveuaunamuaamaninniuludaiuniauasyuiinmun laguuna

anunsawedeudiludsiunisiimumualagndes InefAudesifunnuniaaiowadsvesnsadoulinuuuiuni x , y was z wiiiu 2.77%, 2.79% wag 1.66% auaiu
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4. HANTSATIVIVLALAUNANLLTDINA

A5199 3 NANITATIATU LLa%Lﬁ‘U NaLZLUDNA

FuAUIELTDLIA FLULNLYUNAINNITAIUIY MumlsuLnafindeuiase )
y - - - NANSLAY
WA (WALaa) (LHURLUNT) (8471) (YUALUAT) (2971) e
X y z X y z ql g2 g3 qd X y z gl g2 g3 fold!

1 - 97 250 66.5 26.1 -0.6 71.02 -70.03 -31.99 31.00 66.8 255 -1 715 -69.8 -30.2 31.7 v
2 - 150 111 66.5 213  -139 68.05 -70.37 -37.68 40.00 674 219 -142 688 -704 -359 39.2 v
3 - 226 399 66.5 14.4 13.7  63.45 -72.56 -40.90 50.00 67.7 139 139 636 -727 -41.1 49.5 v
4 - 279 168 66.5 9.6 -8.4 60.10 -75.04 -40.06 55.00 68.0 96 -83 59.1 -75.1 -38.9 54.4 v
5 - 336 321 66.5 4.3 6.2 55.82 -77.14 -38.68 60.00 679 3.6 59 552 778 -36.9 59.7 v

NFNTNT 3 HANINTIVTURALAUNALELBWA WU wvunandeudludiuzidamannsiadulsainnasaiusauivinnisaawmisinsiaduduafing waziUasuan
& ° ' = A PN v o ' < = ) < A a ) | I & v v
Jushunimwemauziliomea uazuvunaindeuilludsiumisasinunauzilioma #an15nsRdunaiuuziliomaiannuudugilagsauunnndy 95% awnsaiiuueidemalagneies

100%
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Original Image Object Detection

Hooms JITM.
5 cm. 5 cm.

X 66.5 x
y20.1 %
2123 4

it X665 B
e v5.7
z6.4 2641

asdunzidaing Aunzsdine Rectangle Position (Pixel) Object Position (Pixel) Obiject Position (cm.)
Camera 10N Camera 20N

. 233.80.267.115 (§1.21) = (97,5, 250.0) c1y1.21) = (66.5. 26.1, 0.6)
92.113.130.168 4222)= (1405.111.0)  |x2y222) = (665, 22.2.-13.9)
v| |381.206.417.246 §323) = (2260,399.0)  |x3y323)= (665, 14.4.13.7)
Camera 10FF Camera 2 OFF
A e Gy em. . |148:260.188.298 y4.24) = (279.0.168.0)  |ixdy424) = (665, 9.6.-8.4)

302.317.340.356 5.25) = (336.5, 321.0) 5y5.25) = (66.5. 4.
C: 66.5.26.1.-0.6 ¥5.25) = ) (x5y5.25) = {
apture

anius
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1. sonuuukazasawvunaivusifewmakuudnlud® Dusaunawuudese 5 samdass Usvnoude
4 viouuvy 5 Tosie Tuindeusneaivilesueinoiuaziveslimene lnsmuqunisvirnuielulasaoulnsaaes
Arduino Mega 2560 R3 i3gudaniuauselusunsy Arduino IDE

2. Wannuwvunaivusidemawuudnlud@ldnsiseuiidedinldlasweuszamuuuneulgdulunisnsiadu
uzFowmeld Insnsiwdsunmuzdomaiioains Dataset i Roboflow Framework a1ntiuasisluiaa YOLOVS e
GoogleColab ¥11M3 Train/Test Model #ans Train/Test Model azifauifissasslunsssyuzidemeyiniu 0.99

3. uwyunafiunzidemauuusalusiAlaglénisisousidedn annsandoudishonamaniunify Taonisdesiums
vomzdamefinsraduludwhumisvesanzidomeliainagndes Tnsfiandesifunuamndeuadsvesnisiadeud
AULUILAY X, y WAE Z LAY 2.77%, 2.79% way 1.66% ANUEIAU WAYHANIINTITULALLA UNANLLT DInAdl
Anuiuggnedlae TN 95 % annsafivusidemeligndos 100%
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