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AnHoTanusi: B nanHoi paboTe paccMaTpHBAIOTCS METOJBI 00paOOTKH M300pakeHUN U
MOJICJIM WCKYCCTBEHHOTO WHTEJUICKTAa IS aBTOMAaTUYECKOW COPTUPOBKH (PYKTOB B
MPOMBILUIEHHBIX  yclioBUsX. [lpemyoxkeHa cuctemMa, OCHOBaHHAasi Ha  TEXHOJOTHAX
KOMITBIOTEPHOIO 3pEHUs U TITyO0KOTro 00ydeHusl, O3BOJISAIONIAsl OCYUIECTBIIATH KJIACCU(PUKALINIO
(GPYKTOB 1O IIBETOBHIM U Ka4eCTBCHHBIM MPH3HAKAM B PEXHUME PEATbHOTO BPEMEHH.
PazpabGoranbl anroput™mpl TpEABAPUTEIBHOW 00paOOTKM H300paKeHUM, CErMeHTaIlluu |
BBIJICJICHUS] TPU3HAKOB, a TaKKe NpPUMEHEHa MOJIeJb CBEPTOUYHOM HEWPOHHOW CETH IS
MOBBIICHHUS] TOYHOCTH Kiaccu(ukanuu. DKCIePUMEHTATbHBIC PE3yJIbTaThl TOKA3aJI BBICOKYIO
3¢ (HEeKTUBHOCTh MPEAJIOKEHHOTO MOAX0/1a, 00ECIICUUBAIOIIECTO CTAOUIBHYIO pabOTy CUCTEMBI U
BBICOKYIO TOYHOCTh pacmo3HaBaHus. [loiydeHHBIE pe3yibTaThl MOTYT OBITH HCIOJB30BaHBI B
ABTOMATU3MPOBAHHBIX MPOU3BOJCTBEHHBIX JMHHUSAX [JIs TMOBBIIICHUS KAauecTBAa MPOAYKIUU U
CHWKEHUS 3aTpar.

KaueBble c10Ba: KOMIBIOTEPHOE 3pEHHE, MUCKYCCTBEHHBI HHTEIUIEKT, 00paboTka
n300pakeHni, Kiaccudukanus QGPyKTOB, CBEPTOUHBIE HEWPOHHBIC CETH, ABTOMATHYECKas
COPTHUPOBKA, TITy0OKOe 00yueHue

Abstract: This paper presents image processing methods and artificial intelligence
models for automatic fruit sorting in industrial environments. A system based on computer
vision and deep learning technologies is proposed, enabling real-time classification of fruits
according to color and quality characteristics. Image preprocessing, segmentation, and feature
extraction algorithms are developed, and a convolutional neural network model is applied to
improve classification accuracy. Experimental results demonstrate the effectiveness of the
proposed approach, ensuring stable system performance and high recognition accuracy. The
obtained results can be applied in automated production lines to improve product quality and
reduce operational costs.

Keywords: computer vision, artificial intelligence, image processing, fruit classification,
convolutional neural networks, automatic sorting, deep learning

Introduction: The rapid development of digital technologies has significantly influenced the
modernization of agricultural production systems. In particular, the automation of fruit sorting
processes has become an essential task aimed at improving product quality, reducing labor costs,
and increasing overall efficiency. Traditional manual sorting methods are often characterized by
subjectivity, inconsistency, and limited productivity, which makes them unsuitable for large-
scale industrial applications [1,2].

The application of computer vision and artificial intelligence technologies offers new
opportunities for addressing these challenges. Image processing algorithms enable the extraction
and analysis of important visual features such as color, shape, and surface condition of fruits.
These characteristics serve as key indicators for classification and grading processes in
automated systems [2,3]. Deep learning approaches, especially convolutional neural networks
(CNNs), have shown high effectiveness in solving object detection and classification problems.
These models are capable of learning complex patterns from image data and can be integrated
into real-time systems operating on conveyor-based sorting lines. As a result, they provide
improved accuracy and reliability compared to traditional methods [4,6].

Despite these advancements, several challenges still exist. Variations in illumination,
background noise, and differences in fruit size and appearance can negatively affect system
performance. Therefore, it is necessary to develop robust image processing algorithms and
mathematical models that ensure stable operation under varying environmental conditions [7,9].
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Fig 1. General block diagram
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The aim of this research is to develop a
mathematical model and image processing algorithms for
an automatic fruit sorting system based on artificial
intelligence, ensuring high accuracy, efficiency, and real-
time performance.

Materials and methods: The proposed automatic fruit
sorting system is based on the integration of computer
vision techniques and artificial intelligence models. The
system is designed to operate in real-time on a conveyor-
based platform, where fruits are continuously captured and
analyzed using a vision sensor. The general structure of
the system includes image acquisition, preprocessing,
segmentation, feature extraction, and classification stages.

At the image acquisition stage, a high-resolution
camera is used to capture fruit images under controlled
lighting conditions. Proper illumination ensures stable
color representation and reduces the impact of shadows
and reflections. The captured images are then transferred
to the processing unit for further analysis [1,2]. In the
preprocessing stage, image enhancement techniques are
applied to improve data quality. Gaussian filtering is used
to reduce noise, while contrast adjustment improves
These operations are
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Table 1. Main technical parameters of the system Segmentation is performed to
separate the fruit object from the

o thresholding methods and contour
ruit types Apples, oranges . A
e — detection algorithms. As a result, the
Camera resolution 1920=x1080 pixels . . .
region of interest 1is extracted,
Conveyor belt speed : _ 935S allowing the system to focus only on
Rotation angle of roller 120° relevant image areas. Feature
Laser sensor type Laser triangulation sensor extract}on is then carried out by
o - analyzing color components (RGB),
Illlumination source LED lights . .
geometric properties, and surface
Al model Convolutional Neural Network (CNN) characteristics of the fruit [4’5]. For

classification, convolutional neural networks (CNNs) are employed due to their ability to learn
complex patterns from image data. The trained model categorizes fruits into predefined classes
based on their visual features. The use of deep learning models improves classification accuracy
and enables real-time performance in industrial environments [6,7]. The overall system
architecture is illustrated in Figure 1, which presents the general block diagram of the computer
vision system. The sequence of image processing operations is shown in Figure 2, representing
the algorithm flowchart. To evaluate system performance, several parameters were analyzed,
including processing speed, classification accuracy, and operational efficiency. The main
technical parameters of the system are presented in Table 1, while sorting accuracy indicators
are summarized in Table 2.

Results: The proposed automatic fruit sorting system was tested under simulated industrial
conditions using a conveyor-based setup. The system demonstrated stable performance in real-
time processing, successfully detecting and classifying fruits based on their visual characteristics.
The developed image processing algorithm effectively extracted relevant features such as color
components, shape parameters, and surface properties. The segmentation stage provided accurate
separation of fruits from the backg round, which significantly improved the overall classification
performance. The use of preprocessing techniques contributed to noise reduction and enhanced
image clarity.

The classification model based on convolutional neural networks showed high accuracy
in distinguishing between different categories of fruits. The system was able to correctly classify
fruits according to predefined classes, including variations in color and surface quality. The
results confirm that deep learning methods are suitable for real-time sorting tasks in industrial

environments.
Table 2. Evaluation metrics for sorting accuracy
The system also demonstrated

o The ratio of correctly sorted fruits of a particular COl"ltll’ll.lOllS Op_ eratlon. without delays

Preceion class to the total fruits predicted as belonging to This makes it apphcable for hlgh-

e throughput production lines. The

Recall The ratio of correctly sorted fruits of a particular experimental results presented n

class to the total actual fruits in that class. Table 2 indicate a hlgh level of

F1-s The harmonic mean of precision and recall, classification accuracy and system

-Score i 3 : ; :

providing a single metric for evaluating the sorting CE T B :

plifints reliability. The general operation of

—— the system and its structural
components are illustrated in Figure 1, while the sequence of image processing stages is shown
in Figure 2. These results confirm the effectiveness of the proposed approach for automated fruit
sorting.
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Discussion: The obtained results demonstrate that the proposed system provides a reliable and
efficient solution for automatic fruit sorting in industrial environments. The integration of image
processing techniques with artificial intelligence algorithms significantly improves the accuracy
and speed of classification compared to traditional methods. One of the key advantages of the
system is its ability to operate in real-time conditions while maintaining high stability. The use of
preprocessing and segmentation methods ensures that the system can effectively handle noise
and background variations. In addition, the application of convolutional neural networks allows
the model to adapt to different fruit characteristics, including variations in color, size, and
surface quality.

However, certain limitations were observed during the experiments. Changes in lighting
conditions and overlapping objects on the conveyor can affect the accuracy of detection and
classification. These factors indicate the need for further improvement of adaptive algorithms
and optimization of system parameters.

Overall, the proposed approach demonstrates strong potential for practical
implementation in agricultural and industrial applications, particularly in automated sorting
systems.

Conclusion: In this study, a mathematical model and image processing algorithms for automatic
fruit sorting based on artificial intelligence were developed. The proposed system integrates
computer vision techniques with deep learning methods to achieve accurate and real-time
classification of fruits. The experimental results confirm that the system provides high
classification accuracy, stable performance, and efficient processing speed. The use of
convolutional neural networks enhances the system’s ability to recognize complex visual
patterns and improves overall reliability.

The developed approach can be effectively applied in industrial conveyor systems,
contributing to increased productivity, reduced labor costs, and improved product quality. Future
research will focus on improving system adaptability to varying environmental conditions and
expanding the range of detectable fruit categories.
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