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Infroduction

Robots in this industry are used to

perform the following technological
operations:

= washing fransoms in greenhouses;

- harvesting vegetables, fruits and berries;

- planting seeds;




Infroduction

Robofts in this INGosny &
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perform the following technological
operations:
- cutting off weeds and grasses between vines;
= moving plant pots in the nursery;
- watering plants;

= determination of NZO in the field, etc.




Problem Statement
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. “ 7 \ = The purpose of the research is to improve the quality of
- 2 identification of apple fruits on the crown of trees by
~ developing a monitoring system with a mobile application

based on a neural network, which will allow detecting,
counting, determining diseases and ripening rates of apple
fruits, as well as the yield per hectare.

2021-01-25 20:87207

left—right 112
strela —-691
up—down 4364
zahvat 5771




Theoretical Aspects of a Research

Scheme of foresight of the image processing process using a monitoring system
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Theoretical Aspects of a Research

Scheme of foresight of the image processing process using a monitoring system

Main window of the
program module

v

File upload module Object classification module

@app.route('/Prediction’,methods=['GET'", 'POST"])
file = request.files[file']

h 4

from tensorflow.keras.models import load_model
import numpy as np
from tensorflow.keras.preprocessing import image

¢ from PIL import Image, ImageFile
from io import ByteslO
H import sqlite3
POPUIatlng reSUIt arrays conn = sqlite3.connect("fruit_classify.db")
org_img, img = my_tf_mod.preprocess(file) cursor = conn.cursor()
file.seek(0) i sql = "SELECT model_path FROM Models WHERE model_id = 1"
image = file i cursor.execute(sql)

image.save(image.filename)

A

clf_model=load_model(cursor.fetchall()[0][0])

A
Y

- Quantity and quality determination
Passing data to the database y q y
from ultralytics import YOLO module

conn = sqlite3.connect("fruit_classify.db") from io import ByteslO

cursor = conn.cursor() from ultralytics.yolo.utils.plotting import Annotator

cursor.execute("INSERT INTO import cv2
Classification_Results VALUES (?,2,2,2,2,2,2,?)", from PIL import Image

[None, image_id, counts, import sglite3

fruit_dict['apple], fruit_dict[banana’],
fruit_dict['orange'], rotten[0], rotten[1]])
conn.commit()

from datetime import datetime

conn = sglite3.connect("fruit_classify.db")
cursor = conn.cursor()

sql = "SELECT model_path FROM Models WHERE model_id = 2"

" cursor.execute(sql)
Formation of the result MODEL = cursor.fetchall()[0][0]
page model = YOLO(MODEL)

model.fuse()
- ender_template('Pred3.html", fruit_dict=

fruit_dict, rotten=rotten, url=url, counts=counts)




Theoretical Aspects of a Research

VGG-16 and SSD architecture
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aterials and Methods

Dataset of apple fruits
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Materials and Methods

Data markup in VGG Image Annotator
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Resulis

Scheme of the experiment
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Resultis

The process of identifying apple fruits using a monitoring system during the experiment

® T 363 % 8112:02

Name
™ Objects found :




Resultis

Plot of an industrial plantation of an apple orchard with installed QR codes for storing and processing data
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Resultis

Identification of diseased and healthy fruits using a neural network




Resulis

QR codes for storing and processing received data

Intensive garden, plot: 8; Row: Intensive garden, plot: §;
2; Tree: 12; Sort: Currency; Age: 7 Row: 2; Wood: 15; Sort:
years; Tree coordinates: 55.567281, Currency; Age: 7 years; Tree
37.645590; Number of fruits: 48; coordinates: 55.567254,
Infected fruits: 2; 37.645696; Number of fruits: 46;
Infected fruits: 4;

Intensive garden, plot: 8;
Row: 2; Wood: 16; Sort:
Currency; Age: 7 years; Tree
coordinates: 55.567253,
37.645740; Number of fruits: 55;
Infected fruits: 1;

Intensive garden, plot: 8; Row:
2; Wood: 13; Sort: Currency; Age: 7
years; Tree coordinates: 55.567268,
37.645627; Number of fruits: 44;
Infected fruits: 1;

Intensive garden, plot: 8; Row:
2; Wood: 14; Sort: Currency; Age: 7
years; Tree coordinates: 55.567261,
37.645658; Number of fruits: 52;
Infected fruits: 3;




Resulis

Statistical evaluation of the obtained research results

Sequence number of a tree in a row 12 ] 13 | 14 | 15 | 16

Average number of identified fruits for three

ore 47,67 43,67 51,33 45,67 55

repetitions, pcs

Average number of identified infected fetuses 533 : 3 4 :
for three repetitions, pcs '

Dispersion in the general population of
identified fruits, pcs2 022 622 e b2z ¢
st cevioon arigenearors pes | T N R

The number of apple fruits found on a tree by
a visual method, pcs ol e . e &

The number of found infected apple fruits on a 3 : 4 5 :
tree by a visual method, pcs

Percentage deviation of the number of visible
fetuses to the number of fetuses identified using 93,46 94,93 96,86 95,14 93,22
PAC, %

Percentage deviation of the number of visible
infected fetuses to the number of identified 77,78 100 75 80 100

infected fetuses using PAK, %

Absolute percentage error in identification of
the total number of fruits, % 6.99 5,34 3.25 511 727

Absolute percentage error in identifying the

number of infected fetuses, % 12,5 0 20 25 0




‘Number of fruits, pcs
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Resulis

Charts for assessing the accuracy of identifying apple fruits using a monitoring system
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Resulis

Graphs for estimating the identification time of apple fruits using a monitoring system
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Discussion

A robot for harvesting apple fruits during testing in the laboratory
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Discussion

A robot for harvesting apple fruits during testing in the laboratory




As a result of research, it has been established that for counting the number of apple fruits in
industrial garden plantations, a recurrent deep learning network is most suitable, since its use
allows one to recognize the outline of the fruits and the foci of diseases on them with high
accuracy.

The monitoring system allows you to identify apple fruits on the tree crown, count their number,
determine diseases and the rate of ripening of apple tree fruits and the volume of harvest per
hectare.

The developed neural network will expand the functionality of the monitoring system for robotic
fruit picking by determining the coordinates of each fruit and indicating areas of defects or
diseases on the fruit to the controller of the manipulator device




Thank you for the attention!
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