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ABSTRACT

Fruits require much more easier and automated checking if they are to meet the high quality demanded in the
fruit market. This paper designs an automated conveyor belt system using Arduino and machine learning for
apple classification based on quality. The setup includes a conveyor belt, camera module, and machine learning
algorithm that identifies defects in apples from their exterior surface. As apples convey along the belt, images of
them are taken and then analyzed through a learned ML model using good and bad apples data set. The analysis
carried out by the system determines whether an apple is classified as good or bad. Apples that are good move
ahead; there is a servo-controlled gate for leaving behind the bad apples to collect them separately within one
container. That will help in making accurate, efficient, and quick fruits checks hence human error will be
eliminated giving more time savings during sorting checked by agriculturists.
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I.  INTRODUCTION

The agricultural industry is always embraced by innovation, automation, and smart technologies to improve
productivity and efficiency. As a result, one of the most critical challenges in fruit processing is quality control
by proper sorting of good and defective products. The manually inspected apple fruits are not quite possible
because the time involved is too long, the inspection can be inconsistent, and human errors add up; hence, it
cannot scale well into larger operations. Therefore, this project will present an Automated Conveyor Belt
System using Arduino and Machine Learning (ML) for apple quality inspection apples could be classified
through their external appearance by a camera module image processing hardware based on ML. While apples
are moving on the conveyor belt system, real-time images captured through a camera will be processed later by
an ML algorithm to identify defects like discoloration bruises irregular shapes.

Based on the sorting results, good apples keep moving ahead, while bad apples are taken out using a gate that is
controlled by servos and gathered separately. This setup gives a fast, low-cost, and easy way for automated fruit
quality check, making accuracy better, lowering labor need, and boosting overall output in fruit processing
fields. Also, adding machine learning and automation makes sure quick choices happen for sorting; this is a
helpful tool for up-to-date farming practices.

The goal of this research is to develop and implement a fruit analysis system that is economical, reliable, and
intelligent. This addresses the shortcomings of traditional sorting methods and ushers in an automated era of
food quality assessment.

II. LITERATURE SURVEY

2.1 Di Miao, Yimin Wang, Ling Yang and Shihao We, “Foreign Object Detection Method of Conveyor Belt
Based on Improved Nanodet”, Tianjin Electronic Information College, Tianjin 300350, China. IEEE
ACCESS, pp.23046-23052, vol-11. (10 March 2023):

The paper provides a innovative technique for detecting overseas objects on conveyor belts, an important
difficulty that contributes to conveyor belt failures, mainly in coal delivery. This technique replaces the
traditional loss functions with a brand new SloU feature, reaching an excellent common detection accuracy of
ninety-four. three% and processing speed of 30 frames consistent with 2d. The observe highlights the
restrictions of existing detection techniques, together with guide detection and ray detection, and demonstrates
that the new device can successfully become aware of overseas objects in real- time, as a consequence
preventing ability damages and operational inefficiencies.
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2.2 Ching-Chang Wong, Chi-Yi Tsai (Senior Member, IEEE), Ren-Jie Chen, Shao-Yu Chien, Yi-Hie Yang,
Shang-Wen Wong and Chun-An Yen, “Generic Development of Bin Pick-and-Place System Based on
Robot Operating System”, Department of Electrical and Computer Engineering, Tamkang University,
New Taipei City 25137, Taiwan. IEEE ACCESS, pp.65257-65270, vol-10. (June 23, 2022):

The paper proposes a bin pick-and- region gadget the use of a robotic manipulator and the robotic working
gadget (ROS). The gadget consists of modules for object notion, object pick-and- region, and bin collision
avoidance. The gadget uses a Intel RealSense D435i digital camera as the sensor and utilizes ROS nodes for
efficient development. four experiments are performed to validate the gadget's effectiveness in choosing and
setting texture and textureless objects with and without orientation requirements.

2.3 Abd Al Rahman M. Abu Ebayyeh And Alireza Mousavi,“A Review and Analysis of Automatic Optical
Inspectionand Quality Monitoring Methods in Electronics Industry” , Department of Electronic and
Computer Engineering, Brunel University London, Uxbridge UB8 3PH, U.K , IEEE ACCESS, pp.183192-
183271, vol-8.(October 19, 2020) :

It emphasizes the role of image processing algorithms, hardware setups, and machine learning techniques in
enhancing the accuracy and efficiency of defect identification in various components like TFT-LCDs, PCBs, and
camera modules. Specific methods such as template matching, segmentation, and deep learning algorithms,
particularly Convolutional Neural Networks (CNNs), are highlighted as effective for feature extraction and
defect classification.

III. SCOPE

This mission ambitions to broaden an automated visual inspection device using system getting to know and
embedded hardware for first-class manipulate, focusing on apples. via leveraging YOLO v8 and Arduino, the
device automates defect detection, enhancing performance and consistency at the same time as lowering
human errors. though designed for apples, the device is adaptable to other agricultural products and
commercial applications. The mission seeks to beautify operational performance, decrease exertions charges,
and offer an scalable solution for automatic first-class inspection.

IV.  PROBLEM STATEMENT

The problem addressed by this venture is the inefficiency and inconsistency of manual inspection strategies in
quality control, specifically within the agricultural industry. conventional methods of comparing products like
apples are time- eating, vulnerable to human error, and unable to deal with large volumes effectively. This
venture targets to resolve these issues by developing an automatic visible inspection device that makes use of
gadget mastering to detect defects in real time, enhancing accuracy, pace, and scalability within the inspection
process.

V. APPLICATION

This automated visual inspection machine has numerous key packages, in particular within the agricultural
enterprise for quality manage of culmination like apples. it is able to be adapted to check out different
agricultural products, ensuring steady quality and reducing waste. additionally, the machine can be carried out
in production, food processing, and packaging industries, where excessive- volume product inspections are
vital. by means of automating disorder detection, it is able to enhance operational performance, lessen hard
work charges, and make certain compliance with safety and quality requirements across numerous sectors.

VI. PROPOSED SYSTEM

The proposed machine is designed to automate the method of analyzing apples for defects, supplying a extra
efficient and accurate answer as compared to conventional guide techniques. It combines additives such as an
Arduino Nano, digicam module, servo motor, and photo processing techniques to analyze the apples as they
pass along a conveyor belt. The machine captures pix of the apples, processes them to discover any floor
defects, and classifies them as either excellent or faulty. faulty apples are then diverted and separated
robotically by a servo- controlled gate. This streamlined technique extensively improves inspection speed,
reduces human mistakes, and enhances the overall efficiency of quality manipulate within the agricultural
enterprise.
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Fig 1: Block Diagram

Further to enhancing the accuracy and velocity of disorder detection, the system is designed to be fantastically
scalable. it is able to effortlessly be adapted for analyzing other styles of culmination or industrial merchandise,
making it a versatile solution for various pleasant manipulate programs. using system learning algorithms
permits the system to gain knowledge of on distinctive datasets, allowing it to recognize and classify defects in
various merchandise past apples. As industries are trying to find extra automated and green answers for
pleasant inspection, this system presents a adaptable framework that can be tailored to meet the precise needs
of different sectors, inclusive of meals processing, packaging, or manufacturing.

Furthermore, the system's ability to carry out real-time inspections guarantees continuous monitoring, which is
critical in excessive- extent manufacturing environments. traditional techniques of inspection, which generally
involve guide assessments at periodic periods, may additionally pass over defects or lead to delays in
identifying defective merchandise. via automating the procedure, the proposed system offers a continuous,
uninterrupted waft of defect identity, which significantly reduces product waste, improves operational
efficiency, and enhances patron pleasure. The system’s ability to offer instantaneous feedback also lets in for
brief modifications to the manufacturing procedure, ensuring that nice requirements are always maintained.

Fig 2: Proposed System
VIL. COMPONENTS USED

1. Arduino Nano

The Arduino Nano is a compact, low- energy microcontroller best for automation projects like the
computerized Conveyor Belt machine for Apple great Inspection. It serves because the imperative control unit,
handling the conveyor belt motion, digital camera module integration, and sorting mechanism. the use of PWM
alerts, it regulates motor velocity, ensuring synchronized image capture for disorder evaluation. It
communicates with a external machine learning model via 12C, UART, or SPI, receiving class outcomes to
determine whether or not a apple is good or faulty. based totally on this choice, the Arduino Nano turns on an
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servo motor to take away faulty apples at the same time as permitting right ones to proceed. With 14 virtual
I/0 pins, eight analog inputs, and flexible communication interfaces, it successfully handles actual-time
processing and automation duties. Its small size, affordability, and reliability make it a perfect desire for
integrating Al- driven great control and automatic sorting in agricultural and meals processing industries.

Fig 3: Arduino Nano
2. SPPI5V Relay Module

A relay is a electrically operated switch that opens or closes circuits primarily based on a outside signal,
appearing like a switch managed by way of a electromagnet to control excessive- energy circuits with low-
energy signals.

Fig 4: Relay

3. Camera Module

The camera module is liable for capturing excessive- resolution snap shots of the detected items. those snap
shots are then analyzed by way of the YOLOv8 item detection set of rules to decide whether any defects exist.

Fig 5: Camera Module
4. Servo Motor (MG90)
The MG90 servo motor is used to adjust the camera module position to ensure the best possible angle for

capturing images. It is a high-torque, metal gear servo motor that provides precise control over angular
movement.

Fig 6: Servo Motor (MG90)

5. LCD (Liquid Crystal Display)

The 16x2 LCD display is used to show the output of the defect detection system. It provides real-time updates
on the status of each detected object, whether it is defective or defect-free
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Fig. 7: LCD Module
6. Buzzer (5V)
The 5V buzzer is an audio alert system that activates when a defect is detected. It provides immediate feedback
to operators, ensuring that defective products are quickly identified and removed from the production line.

Fig. 8: Buzzer
7. Voltage Regulator (FC7805) and Capacitor (1000uF/25V)

Power management is crucial for the stable operation of the system. The FC7805 voltage regulator ensures that

the components receive a steady 5V supply, preventing voltage fluctuations that could interfere with system
performance. A stable power supply is essential for reliable and accurate defect detection in industrial
environments.

The defect detection system is built on high-performance hardware components, each playing a vital role in
ensuring accurate defect identification and seamless automation. The proximity sensor initiates the detection
process, the camera module captures images, and the Arduino Nano microcontroller processes the data. The
YOLOv8 model analyzes images, and based on the results, LCDs, buzzers, and relay mechanisms are triggered to
handle defective objects.

8. Software Components: -

1. YOLOv8 (You Only Look Once Version 8) - Deep Learning Model for Object Detection: -

At the heart of the defect detection system lies YOLOVS, a state-of-the-art deep learning object detection model
that performs real-time defect analysis. YOLOv8 is known for its fast-processing speed and high accuracy,
making it an ideal choice for industrial defect detection applications. The model is pre-trained on large datasets
and can be further fine-tuned using custom defect datasets to achieve superior performance in detecting
different types of product defects.

2. OpenCV - Image Processing and Computer Vision Library: -

The OpenCV (Open-Source Computer Vision) library is an essential software component in the system,
responsible for preprocessing images, enhancing defect visibility, and preparing data for YOLOv8 analysis.
OpenCV provides various image processing functions that help in improving the clarity and accuracy of the
defect detection pipeline.

3. Embedded C (Arduino IDE) - Microcontroller Programming: -

The Arduino Nano microcontroller is programmed using Embedded C within the Arduino IDE. This software is
responsible for controlling all hardware components, ensuring synchronized operations between sensors,
motors, and output devices. The Arduino IDE provides an intuitive environment to write, compile, and upload
firmware code to the microcontroller.

4. PyTorch - Deep Learning Framework for Model Training & Deployment: -

The YOLOv8 model is implemented using PyTorch, a powerful deep learning framework that allows efficient
model training, fine-tuning, and deployment. PyTorch is widely used due to its dynamic computational graph,
GPU acceleration, and flexible debugging capabilities.
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5. NumPy & Pandas - Data Handling & Analysis: -

The defect detection system requires efficient data management for storing and analyzing detection results.
NumPy and Pandas are used for handling large datasets related to defect detection logs, model performance
analysis, and system diagnostics.

6. Blynk Cloud (IoT Dashboard for Remote Monitoring): -

For remote monitoring and data visualization, the system is integrated with Blynk Cloud, a cloud-based IoT
platform that allows real-time defect status tracking via a smartphone app or web dashboard.

VIII. WORKING

A conveyor belts an Arduino microcontroller a digital camera module and a device learning algorithm are used
in the automated Conveyor Belt machine for Apple Nice Inspection to classify apples primarily based on their
external appearance. The conveyor belt moves forward through the inspection area while the machine is
powered on. A picture is taken as each apple reaches the digital camera module and sent to a device learning
version that has been trained to detect flaws like bruising discoloration and irregularities. The machine
learning algorithm analyzes the picture extracts important features and determines whether the apple is
accurate or flawed. When an apple is deemed accurate it proceeds to the conveyor for further processing or
packaging. Nevertheless, if the Arduino determines that the apple is flawed it triggers a MG90 servo motor
which manages a gate mechanism to direct the flawed apple directly into a different collection bin. The real-
time operation of the machine ensures effective automated and distinctive sorting eliminating the need for
manual inspection. Furthermore, switches allow manual management for operational flexibility and parts like
capacitors stabilize power fluctuations. This ingenious automated technique enhances nice management lowers
human error and enhances the output of fruit processing industries.

IX. CONCLUSION

To sum up, the Automated Conveyor Belt System for Apple Quality Inspection offers a productive, precise, and
economical way to maintain quality in the fruit processing sector. The system eliminates the need for manual
inspection by combining computer vision, machine learning, Arduino, and an automated sorting mechanism to
provide real-time flaw identification and categorization. Precision and dependability are increased by using an
MG90 servo motor for sorting, a camera module for image processing, and a machine learning system for
quality evaluation. Furthermore, smooth functioning is ensured by the addition of user-controlled switches and
power stabilization components. This technology helps to reduce waste and maximize production efficiency in
addition to increasing processing speed and accuracy.

The project may be further developed for large-scale industrial applications with future improvements
including cloud-based data storage, Al-driven defect analysis, and loT-based remote monitoring, making it a
vital breakthrough in automated quality control and smart agriculture.
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