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Abstract: Timely and precise identification of fruit disease is crucial for
preventing yield losses and ensuring crop quality. The purpose of this research
focuses on the integration of colour texture analysis for automated detection
using artificial neural networks (ANN). The combination of colour and texture
features provide a comprehensive approach for visual characteristics of fruit
surfaces, enhancing the accuracy and robustness of disease detection system.
The proposed framework involves the following key steps: image acquisition,
pre-processing, feature extraction, and classification using ANN.
High-resolution images of fruit surfaces are captured using digital cameras or
other imaging capturing devices. Pre-processing techniques including noise
reduction and image enhancement are applied to ensure the quality of input
data. The visual attributes of a fruit are represented through the computation of
colour and texture features using methods like local binary patterns or grey
level co-occurrence matrix. The study uses feature vectors to train an ANN to
identify and classify fruit diseases based on colour and texture information.
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1 Introduction

1.1 Evolution of fruit disease detection system

The evolution of a fruit disease detection system involves the development and
enhancement of various technologies, methodologies, and capabilities over time.
Traditional methods include visual inspection, which is subjective and may lack
accuracy. Early technology adapt includes basic image processing techniques, which are
then integrated with colour and texture analysis. Machine learning approaches, such as
decision trees or support vector machines (SVMs), are introduced to enhance disease
detection proficiency. Deep learning and convolutional neural networks (CNNs) are used
for image classification tasks, which can automatically learn hierarchical features.
Multi-modal approaches combine information from various sources, such as colour,
texture, and sensor data, to create a more comprehensive and accurate detection system.
Edge computing and IoT integration are used for real-time processing of data and
real-time monitoring and data collection from multiple agricultural sources. Cloud-based
solutions and big data analytics are implemented for scalable and flexible processing.
Autonomous systems and robotics are integrated for automated data collection, analysis,
and targeted treatment application based on disease detection results. Artificial
intelligence and continuous learning models are implemented, and human-Al
collaboration is encouraged.

Explainable AI focuses on developing models that provide transparent and
interpretable results, enabling users to understand the reasoning behind disease
predictions. Global connectivity and data sharing are also integrated for improved global
agriculture. The evolution of a fruit disease detection system is an ongoing process driven
by advancements in technology, artificial intelligence, and agricultural challenges (as per
Figure 2).

1.2 Current state of fruit management systems

The challenges in current fruit disease systems can be multifaceted and includes various
factors related to detection, prevention, and management of the diseases affecting fruit
crops. Fruit disease management faces several challenges, including limited early
detection systems, data accuracy and integration, predictive models, rapid disease spread
due to globalisation and trade, climate change impact, limited resources for small-scale
farmers, pesticide resistance development, and lack of awareness among farmers,
inadequate regulatory frameworks, and interdisciplinary collaboration. These issues can
be addressed through technological advancements, research initiatives, awareness
campaigns, and policy improvements. Accurate predictions and control measures are
crucial for disease management, but balancing complexity with usability is a challenge.
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Climate change can also alter traditional disease patterns, and limited resources can
hinder effective disease management.

Figure 2 Fruit diseases (see online version for colours)

Source: https://www.pantechelearning.com/product/fruit-disease-detection-
using-image-procesing/

The information provided in January 2022 does not provide specific details on the
developments or changes in fruit disease systems for 2024 and the current method is not
developed (as per Figure 3).

1.3 Introduction of fruit disease detection system in healthcare

The phrase ‘fruit disease detection system in healthcare’ may confuse you as it combines
fruit diseases and healthcare. Fruit disease detection systems aim to identify and manage
diseases affecting fruit crops in agriculture using technologies like sensors, imaging
devices, and data analytics. Modern systems use techniques like remote sensing, image
processing, machine learning, and IoT devices for early detection, classification, and
monitoring of diseases. In healthcare, disease detection systems focus on identifying,
analysing, and diagnosing diseases in humans using technologies like medical imaging,
laboratory tests, wearable devices, and Al-based diagnostic tools. These systems help
healthcare professionals identify diseases and formulate treatment plans through a
detailed prescription, where a doctor can easily diagnose the disease by knowing the
chemicals and the disease that are in it.
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Figure 3 Current system format (see online version for colours)
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Source: https://blogs.cornell.edu/applevarietydatabase/machine-learning-for-
disease-detection/

The main goal is to implement more fruit disease detection machines in agricultural areas
so the farmer can easily resolve them; otherwise, remove them from the field so they
don’t affect other fruit. In healthcare, the person has to know what is good and not to eat
just by eating without knowing if it is infectious or not, which can cause a problem in the
human body (as per Figure 4).

1.4 Rationale for integration and research objectives

Food security is a global concern, and integrating various technologies in fruit disease
detection systems can help address these challenges. The integration of remote sensing,
IoT, and machine learning can enhance the accuracy and reliability of disease detection,
allowing for early detection and timely intervention. Multi-modal data fusion can provide
a holistic view of plant health, enabling a more comprehensive understanding of the
complex interactions between environmental factors, plant physiology, and disease
dynamics. Synergistic information retrieval can improve system performance, support
precision agriculture, and facilitate real-time monitoring and decision support. Integrated
systems can adapt to diverse environmental conditions, ensuring they remain effective in
various agricultural settings. Technological synergy and innovation can be fostered
through collaboration between different technologies, leading to new tools and methods
that can further advance fruit disease detection efficiency. Lastly, an integrated approach
can offer economic benefits for farmers, such as improved crop yield and reduced input
costs, demonstrating its practical applicability (Mehmood et al., 2023).
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Figure 4 Fruit and healthcare (see online version for colours)

Source: https://www.freepik.com/photos/healthcare-fruits

Figure 5 IoT integrated machines (see online version for colours)
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The integration of technologies in fruit disease detection systems offers advantages such
as accuracy, early detection, precision agriculture, real-time monitoring, adaptability,
technological synergy, and economic viability. In the following figure, as you can see,
there are different types of machines that are used to detect fruit disease (as per Figure 5).

Motivations

The impetus for this project arises from the urgent need to address various shortcomings
in agricultural yield. Currently, there are machines available for quality checking, but
their high expense may make them unaffordable for many farmers. Consequently,
farmers might refrain from investing in such technology, potentially leading to the
unintentional spread of diseases through the transportation of contaminated fruits to local
markets. This poses a risk to both the crops and, subsequently, human health. Developing
a cost-effective fruit disease detection system using colour, texture, and ANNs aims to
provide a more accessible solution for farmers, enabling them to identify and manage
diseases efficiently, thus mitigating risks associated with the spread of diseases and
ensuring the production of healthier crops for consumption.

Research objectives

The primary goal of this project is to design, create and establish a fruit disease detection
system which reduces the risk agriculture yield loss as well as preventing harmful
disease. The system aims to prevent harmful diseases in fruit crops by detecting them
early and accurately, empowering farmers with a proactive tool for timely interventions.
This aligns with promoting sustainable agriculture and ensuring food safety for both
farmers and consumers. So, we create a robust and effective fruit disease detection
system that makes a significant impact on the agriculture sectors. The fruit disease
detection system should be a collaborative and adaptive effort, involving experts in
machine learning, computer vision, and agriculture.

A diverse dataset representing various fruits, diseases, and environmental conditions
is essential for training a robust model. User involvement, real-world testing, and a
feedback loop are crucial for ensuring the system’s relevance and effectiveness.
Scalability and adaptability are essential for the system’s longevity. Open
communication, ethical considerations, and comprehensive documentation are essential
for troubleshooting and knowledge transfer. Long-term support and maintenance are also
crucial for the system’s effectiveness.

Scope of the work

The fruit disease detection project aims to improve crop management and reduce losses
by detecting diseases in fruits. The project involves image processing and analysis,
machine learning and ANNSs, data collection and preparation, and user interface design.
The system targets individual fruits because of regional significance and disease
coverage, ensuring adaptability to new diseases. The project also considers the
application of the system in different agricultural settings, considering climate, soil
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conditions, and farming practices. Raining materials and support are also provided for
end-users. Future considerations include scalability and adaptability to emerging
technologies and advancements in machine learning. By defining the project scope, the
project team can ensure the objectives align with goals of improving agricultural
practices and food safety.

Role of authors

The authors collectively bring a diverse range of expertise and experiences vital to the
concept, development, and realisation of this research. Dr. Rohit Rastogi led the
conceptualisation and design phase, leveraging their extensive knowledge in fruit disease
informatics and ANN technology. Mr. Prateek, as a machine learning and computer
vision expert, led the technical implementation of a fruit disease detection system. He
applied machine learning algorithms and computer vision techniques to analyse fruit
images, designed an ANN for accurate disease classification, and enhanced the model’s
performance and participated in real-world testing and validation, ensuring the system’s
scalability and adaptability. To ensure comprehensive documentation and knowledge
transfer. His role is crucial in the successful development of the system, contributing to
the overall success in addressing agricultural challenges.

Deliverables

1 User interface prototype: A working prototype that demonstrates the use of ANN
technology, classification of local data, make a secure and compatible user interface
and the MERN stack for web applications development.

2 Technical document: An extensive detailed documentation that demonstrates the
technical specification, including algorithm for colour and texture analysis. Neural
network architecture and image processing.

3 Research paper: A research paper through which the details the project’s aims,
methodology, findings, and consequences.

4 User guides and manuals: These guides and manuals should be designed to be clear,
concise, and accessible to their respective audiences, providing comprehensive
support for users, administrators, and developers interacting with the fruit disease
detection system.

Stakeholders

e Farmers: Early disease detection can protect crops and increase yield, benefiting
users who provide feedback on its practicality and effectiveness in real-world
farming scenarios.
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e Health authorities: The task involves providing guidelines and regulations for the
effective detection of diseases in fruits, ensuring they comply with health and safety
standards for consumer protection.

e End users (general public/consumers): The system indirectly benefits from the
quality of fruits available for consumption, ensuring access to safe and disease-free
options in the market.

e Educational institutions.: Contributing to research, development, and education in
agriculture and technology, with involvement in collaborations, expertise, and
training programs.

Gantt chart

The Gantt chart is a visual tool that shows the project timeline, illustrating tasks
completed over a ten-week period, enabling effective planning and coordination among
team members, ensuring timely and systematic completion of milestones.

Figure 1 Gantt chart of fruit disease detection (see online version for colours)

2 Literature reviews

The literature survey conducted for this research study ‘title’ includes a wide range of
current articles, research papers, and scientific publications. The purpose of the literature
review is to analyse the current understanding of fruit diseases and its effect on the
human life. Through this literature review, we get a deeper knowledge of the relationship
between fruit disease and human health, laying the groundwork for the analysis work.
Reddy et al. (2023) in their collaborative research effort, the team introduced the
concept for detecting and classifying fruit diseases using colour texture analysis and
artificial neural network (ANN) classification. The system uses OpenCV library and
K-means clustering for image segmentation. The system was evaluated on various fruits
with different diseases, potentially preventing crop for losses and detecting diseases early
before it causes more loss. The paper discusses the use of ANNs in fruit disease
detection, highlighting its potential in preventing crop losses and improving crop yield
and quality. The study outlines the methodology used to train and test the ANN model,
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including image data pre-processing, feature selection, and training algorithms. The
results show the ANN model outperforms other algorithms in classification accuracy,
providing valuable insights into fruit disease detection.

The methodology that they used to build their system are: data acquisition, data
pre-processing, and features extraction.

The result of their work is that the ANN algorithm is used for early detection of fruit
diseases, preventing potential human life-threatening issues. Datasets are trained and
tested using Kaggle, with pre-processing and feature extraction stages. The ANN is then
trained, with accuracy achieved over 35 epochs using PyCharm Integrated Development
Environment. In this paper it have an solid foundation for the development of a fruit
disease detection system using colour and texture analysis, ANN and image processing
techniques in which an image processing given out a solution that is proposed for
detection of grape, apple and pomegranate fruit disease which cause infection as well as
it significantly increasing as an spreading which a speed and accuracy that why they also
it also tell us about the details of a fruit diseases.

In conclusion, the paper presents a fruit disease detection system using colour and
texture analysis, ANNs, and image processing techniques. It identifies and classifies
diseases in grape, apple, and pomegranate fruits, recommending appropriate treatments.
The system’s accuracy and speed could reduce crop losses and enhance food security
(Reddy et al., 2023).

Naziya and Sivaraj (2022) in their collaborative research effort, this paper proposes a
solution for detecting and classifying fruit disease by using CNNs and convolutional
block attention modules (CBAMs) that help in classifying the data and processing it
image analysis.

Fruit cultivation in tropical regions, particularly in Brazil’s coastal areas, is crucial for
crop diversification and socioeconomic advancement. Papaya, cultivated in over 60
countries, is the world’s second-largest producer, with an annual output exceeding 1.5
million tons. Commercialisation of papaya fruit is essential due to its high added value.
Early detection and classification of diseases are critical for quality control measures.
However, manual quality control remains labour-intensive, time-consuming, and
expensive, often unaffordable for farmers in remote regions or small processing facilities.
The study aims to overcome limitations in detecting diseases in papaya fruits by creating
a new image database with over 23,000 examples of eight types of lesions and healthy
fruit samples. The proposed method uses a combination of CBAMs and a YOLOv7
network, demonstrating high accuracy and robustness in identifying injuries. The main
contributions include developing a new method for detecting diseases in papaya fruits,
providing a new version of the Sisfrutos Papaya image dataset, implementing and testing
four additional state-of-the-art detectors, public availability of pre-trained weights for the
proposed detector, and providing image annotations in two different formats (TXT and
JSON).

The methodology that we used to design our system is: image acquisition, image
annotations, the new extended Sofrito’s Papaya dataset, and CBAM.

In conclusion, the paper presents that poor-harvest of papaya which caused by the
fruit disease significantly challenge for the other sector, necessitates efficiently quality
control to multi-wages losses and to ensure that high-quality, healthy fruits for
consumers. This study proposes a publicly available image database with multi-class
annotations for papaya cultivation, focusing on disease detection. The database contains
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23,158 samples divided into nine classes, including diseases and healthy fruit. The
proposed detector outperforms state-of-the-art detectors in object detection tasks,
achieving an average map of 86.2%. The detector maintains a stable number of
parameters and inference times, setting itself as a benchmark for future research. So, the
work focuses on improving fruit quality control, industrial automation, precision
agriculture, and small rural producers. It proposes techniques for developing embedded
systems for fruit processing, enabling autonomous or semi-autonomous disease detection.
The system could reduce costs and improve fruit quality. It also suggests that disease
detection systems embedded in harvesting robots could improve selective fruit
harvesting. The technology could also help rural producers who lack specialised labour to
inform their crops about diseases (Naziya and Sivaraj, 2022).

Reddy et al. (2022) in their collaborative research effort, this paper proposes that the
fruit disease detection is nothing but analysing the type of disease fruit is suffering from
and recommending the pesticide that allow to prevent it. Fruit disease detection is very
useful as compared by the manual monitoring by the farmers in agricultural field. The
utilisation of CNN calculation clears a simple method for recognising the illness of the
products of the soil to separate its disease from healthy fruits. The proposed CNN model
is to extract various forms of features by integrating multiple layers.

The key terms that they used in this system are: fruit disease identification, CNNs,
and deep learning.

Fruit disease detection is a research field that focuses on identifying diseases
automatically, particularly in citrus fruits. These plants are vulnerable to diseases like
blackspot, cankers, scabs, greening, and melanoses. Many natural products are rejected
due to these diseases, making it crucial to identify them quickly and efficiently. Advances
in technology and deep learning have made it easier to identify plant diseases, manage
weeds, and reveal important seeds. This study introduces a deep learning model for
computerised fruit disease identification, based on CNN-based image grouping. The
proposed model classifies fruit disease using computer vision and image processing
techniques, suggesting appropriate pesticides for a specific fruit type. It can monitor fruit
statues in real-time, enhancing farmers control strategies. The system can be extended to
real-world application where it detects the infection or illness of fruits and also providing
the reliable disease management solutions.

The methodology that we used to design our system are K-means clustering and
ANN.

In conclusion, the CNN model is trained to differentiate between healthy and diseased
fruits, identify disease types, and suggest pesticides based on image classification. Data
collection, pre-processing, and CNN model application are used to improve disease
detection and classification in India’s agriculture, contributing to global economic
growth. The objective is to boast fruit disease detection system compatibility (Reddy
et al., 2022).

Naziya and Sivaraj (2022) in their collaborative research effort, this paper proposes in
the field of agriculture fruits are easily get affected by the different-different climatic
conditions. For farmers point of view, it is very hard to identify that whether the fruits is
disease or not and this also affect the global economy by manual testing of fruits does not
give an accurate output as well is take a lot of time to check all the fruits one by one. This
method identifies diseases in banana, apple, and orange fruits using colour, shape, and
size. It uses a trained system to analyse the input image, extract features like colour,
shape, and size, and identify clusters using k-means clustering algorithm. CNN is then
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used to determine if the fruit is infected or not. The proposed approach is effective and
95% accurate in identifying diseases in these fruits. India’s agriculture is crucial for 58%
of the population, but changing climates and diseases are affecting crop yield. As India
ranks second in highly populated countries, food consumption is increasing, leading to
increased food production. Classifying fruits manually is often inefficient, leading to
errors in exporting. Researchers propose an image detection method using CNN to
improve classification quality.

In conclusion, fruit disease detection and classification can be tedious due to the
difficulty in recognising fruit characteristics. A feature vector model is used to handle this
issue. The model undergoes pre-processing, feature generation, and classifier learning
stages. The input image is processed using a CNN, extracting features like colour, shape,
and size. The output is then mapped to different clusters, indicating whether the fruit is
fresh or rotten (Naziya and Sivaraj, 2022).

Dahikarr et al. (2022) in their collaborative research effort, this paper proposes is that
fruit crops are crucial for India’s economy, nutritional value, and food security. Trees
provide shelter, absorb harmful gases, and provide oxygen. Fruits are healthier than junk
food, but they can cause diseases. This paper reviews image processing methods for
detecting diseases in fruits based on symptoms and highlights research gaps. The goal is
to help researchers understand and improve methods for fruit disease detection.

Fruit harvesting is an ancient occupation that relies on farmers for livelihood,
employment, energy, and shelter. It contributes to economic growth, health, and low
cholesterol, and can help overcome poverty. However, early disease treatment is crucial
to prevent fruit extinction and maintain the benefits of the trade. India, the largest fruit
promoter, is also known as the fruit crate of the globe. However, due to lack of
workforce, poor storage, and wasteful post-harvest administration, India only contributes
1% to the fruit industry. Fruit quality is significantly affected by various diseases. Early
detection of fruit contamination can prevent losses and maintain strategic distance from
disease spread. Various image processing applications have been developed for the
agricultural industry, but disease recognition imaging systems remain challenges. Fruit
disease recognition is difficult through manual inspection due to the regular changeability
of fruit skin and the presence of different types of diseases. Therefore, it is essential to
examine fruit health and disease detection for disease control measures.

The proposed methodology is to developed recommendation system features are
image pre-processing, feature extraction, CNN, canny edge detection and the
performance analysis of convolution neural network for classification and prediction of
pesticides for fruits disease that we depict in the dataset of apple fruit.

In conclusion, this study uses a CNN to classify fruit disease images into blotch, rot,
and scab classes. The method is experimentally verified and approved, demonstrating
significant support for automatic disease identification and classification (Dahikarr et al.,
2022).

Badar and Naaz (2022) in their collaborative research effort, this paper proposes for
fruit crops are crucial for India’s economy, nutritional value, and human health. Trees
provide shelter, absorb harmful gases, and provide oxygen. Fruits are better than junk
food, which causes diseases. To prevent early disease infection, this paper reviews image
processing methods for detecting diseases in fruits based on symptoms. It highlights
research gaps and aims to help other researchers understand fruit disease detection
methods. Fruit harvesting, an ancient occupation, relies on farmers’ livelihoods,
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employment opportunities, energy, and shelter. It can help overcome poverty and
contribute to economic growth. Fruits are healthy, low in cholesterol, and provide
numerous benefits at a low cost. However, if diseases are not treated early, the trade may
lose its benefits and potentially lead to fruit extinction, leaving future generations
unaware of its existence.

The key terms of this research paper are image processing, k-means clustering, object
tracking, deep learning, and diseases.

Basically, this whole research paper is just a review of all the research paper that are
made for the detection of fruit using image processing techniques in which here they take
a literature review of 17 research paper through which they create a research gap table in
which they analysis the pros and cons of every individual paper and their system design
and through which we can predict that the system which we want to design is having this
type methodology or algorithm in it. It is very useful to know the current updates and the
gap of their research by which we can advanced to a new system design that is easy to
handy and give an accurate, precisely, save time and available in affordable prices.

In conclusion, this paper discusses the use of digital techniques like neural networks,
object tracking, and K-means clustering to detect infected fruits early on, reducing losses
for agriculture, economy, and environment. It provides guidance for researchers
interested in this area, aiming to help reduce the burden on farmers (Badar and Naaz,
2022).

Modi et al. (2019) in their collaborative research effort, this paper proposes that to
implementation of the algorithm that help us to detect the disease in fruit using image
processing more accurately and precisely that why we used MATLAB to perform some
operation on image, in order to enhanced image or to extract more useful data.
Historically, fruit infections were detected using naked eyes, which was inefficient and
costly. MATLAB techniques offer a faster and more accurate method. Symptoms of
infections can be seen on various parts of the fruit, including leaves and lesions. The
article aims to detect and identify diseases accurately using image segmentation,
pre-processing, feature extraction, and identification. The disease can be viral, fungal,
bacterial, or insect-related. Fruit features like axis can be extracted from the image, and
classification techniques can be used to identify the infection.

India is a developing nation with a significant contribution to the agricultural field.
Keen cultivation involves engaging current ranchers with choice instruments and
automation advances that coordinate products, learning, and administration for better
efficiency, quality, and benefit, where field conditions are controlled and checked using
self-working frameworks instead of traditional methods like image processing.
Innovations like MRI and X-ray imaging are used to check the quality and defects of
fruits, but they are expensive, space-consuming, and require scientific knowledge to
analysed results. The established method for detecting and identifying fruit diseases
depends on the naked eye perception of specialists, which is costly and difficult to use in
developing countries.

Programmed recognition of fruit diseases is crucial to distinguish the indication of
diseases as soon as they appear on developing fruits, preventing lost yield, time, creation,
and money. Image processing techniques can be used for more accuracy, less time
required, and better execution.
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Literature summary charts (continued)

Table 1
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Literature summary charts (continued)

Table 1

“JUSWIUOIIAUD

pue ‘Awouoss ‘drnymnoLide
10J S9ss0[ Suronpar ‘Apres
SHNIJ PIOYUI J0319P

01 SULI2ISN]D SUBIW-]
pue ‘Furyoen 302(qo
“SII0MIOU [RINAU OYI]
sanbruyo9) [e331p Jo asn
Ay sarordxo soded sy,

‘UOTJEOTJISSB]D
PUE UOTILIIITIUIPT OSLASIP
onewone 10§y 11oddns
Juedyrudis Sunensuowap
‘$911039180 qeOS pue

)01 ‘y030[q ojuI ST ew!
9seaSIp JIny AJIsse[o
A[[eonewoine o3 yIompou
[eINOU [EUOTINJOATIOD

e sKojdwo Apnys oy,

"oso) Ul
sisA[eue ded ou st 1oy,

*9)BINOOR
QI0W J1 OYBW 0 WJSAS
1oy ut sarSojopoyiow
J010] B paonpoxnur

Koy Aym st jey) og

ue paLmq s sIsA[eue oy}
Jo oSew Ay} USAD J[NSaI
a3 10 JAI A30211p
woIsAS SunsIxo oy,

-91qe) ded yoreasar

Jo djoy o ySnoxyy
SW)SAS o[qeplojje

pue ‘Furaes-owry
‘as10a1d ‘oreImnode

a1our o juswdofoaap
oy Surjqeud ‘swypiode
pue sar3ojopoyjouwt
TeILIS [im

swoysAs axmny 301paid 0y
SI [20S O} PUB /| SMOIADI
1oded yoreasax siy

‘Kouarorjord pue uonnoIxd

S)1 SUISSNOSIp ‘sjaseiep
91dde uo uonorpard
puE UOTIEIJISSE[O
opronsad 10y yr0M)U
[BINOU [EUOIIN[OAUOD

& Jo 2oueuriojrd

ay sasK[eue Apnys ay [,

‘wd)sAs sanbruyday
Surssaooad oFewr

Ay [[& JO maIAdl & st 1oded
[OIBOSAI ST} ASNLIq SIY)
ur 9dods aInyny ou sI AIY,

“J1 UT UOT)BOIJISSB]d
puE UONEIYIUSPT

10J UOIN[OS UOTJELIOINE
j10ddns ® soyugis

pue sjuowLIodxd umo
119} UO JIOM 0} ST WR)ISAS
2101 Jo odoos armny oy

"9seasIp
JINI JO9)OP Jey) SWA)SAS
paudisap-jsed Jo maradx
e ysnf s s1y) 91 ur pasn
am Je)) sa13ojopoyout
ou dIe 219y,

“UOTIBOIJISSE[O 10] JI0MIAU
[BINAU UOIN[OAUOD

Jo sisATeue ooueurioyrod
9y} puE UONIAIP

33pa Auued ‘yromjou
[BINOU [RUOTIN[OATUOD
‘uonoeNXd dINedJ dIe
WoISAS UOIIEPUAILIOIT
1no ugdisep 0} pasn

am jey) ASojoporowr oy ],

*OSBISIP JINY "SU0D
pue soxd 119y} pue Swo)sAs
pauSisop-jsed oy pask[eue
wed) YoIeasal Mo Aym

S Jey], "UoISIoA pajepdn

UB 918910 0) PAsn am Jey)
spoow pue sanbruydd)
) $10919P 1By} SWANSAS
paudisap-ised Jo maraal

& Jsnl ST ST 91 Ul pasn

om Jey) sar3ojopoyiout

OU dI€ 2191} SNOSIP

JToded sty ZZOg oy uf

‘sded yoreasar urkynuopt
pue soseasIp Funoajop
10§ spoyjawr Surssaooid
a3ewr uo Jursnooy
£)11n29s pooj pue ‘onjea
[eUONLIINU ‘AWOU0II

s erpuy ur sdoo Jiniy jo
doueyodur o sasSNOSIP
JToded s1y) ZzOT o uf

MIIAJI B
:sonbruyoe) Surssesord
93ew Jursn soseasip
Iy Jo UonoRg

WoISAS UONEPUIWIION]
sapronsad pue
U0NO)IP dSLASIP JNI]

uo1SNIOU0)

sisdppuy dpo

1nsay

2doos aanin,g

A3ojopoyrapy

uononpo.juy

doyinp puv apn s2dvg




R. Rastogi and P. Singh

78

Literature summary charts (continued)

Table 1
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Literature summary charts (continued)

Table 1
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In conclusion, the paper discusses the study of diseases in fruits using a software
approach that saves time compared to manual methods. The de-noising process removes
distortion in images, primarily affecting bacterial blight. The system uses blurred images
for early detection using techniques like pre-processing, extraction, and single-valued
analysis. Future work will focus on the SVD approach for cost-effective analysis of fruit
diseases in the prior stage (Modi et al., 2019).

Mundokar et al. (2017) in their collaborative research effort, the team introduced the
concept of using e-nose, an innovative approach that enable to overcome the deterioration
of image processing analysis. Their work primarily focuses on addressing the challenge
to detect the disease and provides preventive measure of in this decentralised setting.

Key contributions of the research include:

1 System averaging: The team proposed a technique known as e-nose which basically
work on the sense of odour/aroma. This approach involves in our system helps the
model to give an accurate output, reducing the loss of fruits and save time.

2 Local updates: To enhance scalability, we allow multiple inputs in while processing
the data to the central server. This strategy effectively reduces consume of pixels in
an image.

3 Model compression: The research explores various techniques that used in pixels for
the intensity, thereby improving the efficiency of thresholding methodologies in it.
The algorithm that we used in it are canny edge detection algorithm, noise reduction,
and find intensity gradient of the image, non-maximum suppression, and hysteresis
thresholding. And the methodologies are: image acquisition, image processing, grey
scale image, edge detection, morphological operations, thresholding, segmentation,
extracting AOI, and e-nose.

4  Differentially new technologies introduced: The paper highlights the importance of
e-nose which overcome the deterioration of image processing in the refereed old
system and due to which we can able to produce large amount of good product in a
required time.

In conclusion, based on the information available, this research paper they introduced a
new technology in their system e-nose which helps in for providing better output even if
sometimes image processing result is not accurate. The e-nose sense the odour/aroma of
the fruit to detect whether it is infected or not. It also gives the preventative means for
infected fruit and indirectly it turns out a good results (as per Table 1) production of
fruits. The major objective is this paper is to detect the disease and provide preventive
measure (Mundokar et al., 2017).

Gaikwad et al. (2017) in their collaborative research effort, this paper proposes a
solution for detecting and classifying fruit disease using an image processing approach.
The method uses K-means clustering for segmentation, extraction features, and uses a
SVM our experimental result expressed a way to propose a solution that can significantly
support accurate detection and automatic classification of the fruit diseases which help us
to detect the disease accurately and precisely.

Fruit diseases can cause significant losses in the yield and its quality during
harvesting. Automatic detection is crucial to identify symptoms early. Common diseases
include apple scab, apple rot, and apple blotch. Machine vision can automate visual
inspection, but detection remains problematic due to skin colour variability, defect types,
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and stem/calyx presence. Monitoring health and detecting diseases within a fruit is
critical. Proper management actions, such as pesticides, fungicides, and chemical
applications, can promote disease control and improve quality. This work proposes a
solution for detecting and classifying fruit diseases using spectroscopic and imaging
technology. As commercialisation increases, agricultural farms aim to reduce manpower
without affecting productivity. Fruit detection systems are primarily used in robotic
harvesting but can be customised for other applications. Precision agriculture helps
farmers provide economic information and control technology, aiming for agricultural
input systemisation, profit hike, and environmental damage reduction. The technique
helps farmers identify infected or non-infected fruits.

Existing system is classifying three normal apple fruit infections: apple scab, apple
rot, and apple blotch, using only image processing and random forest classifier to detect a
disease in classification.

Proposed system is that the classification of fruit disease problem requires a precise
image segmentation, using K-means-based segmentation and features are extracted, and
training the classification by using a SVM classifiers.

1 It would promote Indian Farmers to use smart farming methods so it can save time as
well as reduces the loss of fruit that caused due to diseases.

2 The leading objective of their paper is to enhance the value of fruit disease detection.

In conclusion, the paper presents a fruit disease detection and classification this paper
proposes an image processing-based solution for detecting and classifying fruit diseases
using K-means clustering, extracting features, and training on SVM. The approach
promotes smart farming, saving time and reducing fruit loss, aiming to enhance the value
of fruit disease detection (Gaikwad et al., 2017).

3 Methodology

3.1 Use case diagram

The use case flow diagram outlines the sequential interactions within the system
involving two primary actors: user and server. The diagram captures the key
functionalities and interactions that facilitate a seamless flow of actions in the system (as
per Figure 6).
1 User:

e Upload image: The user can upload an image of fruit for disease detection.

®  Request analysis: The user can request the system to analyse the uploading for

disease detection.

2 Server:

e Pre-process image: The server pre-processes the upload image, extracting
relevant features like colour and texture.

e Apply colour analysis: The system analysis the texture features of the fruit
image.
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e Use ANN for detection: The system uses an ANN to perform disease detection
based on the extracted features.

e Generate report: The server generates a report indicating the detected disease
and its severity.

The flow of interaction between the ‘user’ and ‘server’ is represented by arrows, with the
‘user’ uploading an image, requesting analysis, and the ‘server’ processing, applying, and
generating reports.

Figure 6 Use case diagram (see online version for colours)

. PREPROCESSING
) A SEGMENTATION
’\
FEATURE EXTRACTION s
rd
,/; / 4

USER

3.2 ER diagram

In an entity-relationship diagram that represents the system, the entities ‘user’, ‘image’,
‘analysis request’, and ‘report’ are likely key components of the database schema. Each
entity is associated with specific attributes that define the characteristics or properties of
that entity (as per Figure7).

Entities (user, image, analysis request, and report) are represented as classes.
e External entities (user and fruit disease detection system) are represented as actors.
e Data stores (UploadedImage and AnalysisResult) are represented as data classes.

e Processes (ImageUpload, ImageAnalysis, and ReportGeneration) are represented as
processes.

This is a simplified representation and may need further details based on your specific
system requirements. You can customise and expand this example according to your
needs.
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Figure 7 Entity relation diagram (see online version for colours)
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Figure 8 Data flow diagram (see online version for colours)
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Figure 9 Flowchart
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3.3 Data flow diagram

The data flow diagram depicts data transit and transformation inside the pre-processing of
the fruit disease detection system, which integrates by uploading images that go for
training on the CNN model. Despite testing, it uploads images and the data flows
between the user interface and the backend components of the program, allowing for
texture analysis, colour analysis, and classification of disease. The data flow diagram
vividly displays the various data channels, emphasising the system’s safe, transparent,

and simplified administration.
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3.4 Flowchart

The flowchart starts with the ‘start’ point and covers various processes like dataset
upload, pre-processing, CNN model training, disease detection, report generation, and
user notification. It also has a branch for uploading single images for classification.
Customise the flowchart based on specific steps and decision points.

4 Result and discussion

The landing page of our website presents a clean and user-friendly interface, which invite
user and show what it is used for and we make it so simple even a kid can check whether
the pictured is a fruit or vegetable and it also used for reorganisations it. We provide a
powerful solution for early and accurate detection of diseases in fruit crops (as per
Figure 10).

Figure 10 Homepage (see online version for colours)
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ey

This page show about the project dataset which a user can check the configuration at a
time. The project’s models are fine-tuned for accuracy, adaptability, and ethical data
handling. It is a community of farmers, researcher, and agricultural enthusiasts working
towards a sustainable future for agriculture (as per Figure 11).

Here we can predict the browsing image is a fruits/vegetable and here we can input
maximum of 200 MB file which we can browse through our file and upload it and also
we can see the image which we uploaded on it and prediction button here click and then
show the name of the fruits/vegetables (as per Figure 12).

In this figure as you can see how we can easily browse our image to the website (as
per Figure 13).
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Figure 11 About project

X

Dashboard About Project
select Page

About Dataset

About Project -

This dataset contains images of the following food items:

LY
fruits- banana, apple, pear, grapes, orange, kiwi, watermelon, pomegranate, pineap
vegetables- cucumber, carrot, capsicum, onion, potato, lemon, tomato, raddish, bee

Content

This dataset contains three folders:

. train (100 images each)

. test (10 images each)

. validation (10 images each)

Figure 12 Model prediction
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file h
Drag and drop file here Browse files

Show Image

Predict

In this figure as you can see it show the result/name of the given fruit and vegetable
which that image from our browsing file contains (as per Figure 14).

In Figure 15, we can see that it shows the name of fruits and vegetables, and through
its texture and fruit image classifications in ANN, it’s shown whether the given image of
an object is defective or not. Our project is designed to not only identify various fruits
and vegetables through their distinctive textures but also to revolutionise the way we
detect defects or diseases in these crops using advanced ANNs (as per Figure 15).
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Figure 13 Browsing image (see online version for colours)
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Figure 14 Prediction (see online version for colours)
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Browse files

Visualising a fruit disease detection system’s training and validation graph involves
plotting metrics over time to assess performance and generalisation. Common
components include epochs on the X-axis, metrics on the Y-axis, training and validation
loss, training and validation accuracy, training and validation loss curves, early stopping
points, and learning rate schedules. The goal is to see a decreasing trend in both curves,
indicating effective learning, but be cautious of overfitting. Early stopping points should
be marked to prevent degradation in performance on the validation set (as per Figure 16).
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Figure 15 Texture and colour analysis (see online version for colours)
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Figure 16 Visualise train result (see online version for colours)
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To visualise a fruit disease detection system’s validation accuracy graph, use a line plot
with a horizontal axis representing training epochs and a vertical axis representing
validation accuracy. Include markers at each epoch for better visibility. Provide a title for
the graph, label the x-axis and y-axis, and include a grid and legends for easy reading and
comparison of models or configurations (as per Figure 17).

The KNN accuracy graph for the fruit disease detection system uses colour, texture,
and ANNSs to display the system’s performance across different K values. The graph
demonstrates how the system’s accuracy changes as K values vary, allowing for trend
analysis and optimal K selection. The graph helps in decision-making by highlighting the
sensitivity of the system to the choice of K, allowing for better performance without
overfitting. It can also be used for experimentation and further analysis, such as assessing
the system’s stability and robustness (as per Figure 18).

Figure 18 KNN accuracy graph (see online version for colours)
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Comparative analysis of presented approach with current state of art

Table 2
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Comparative analysis of presented approach with current state of art (continued)

Table 2
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Comparative analysis of presented approach with current state of art (continued)

Table 2
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There is not a single algorithm that is universally used for fruit disease detection relies on
various algorithms and techniques, including CNNs, SVMs, random forest, K-nearest
neighbours (KNNs), deep learning architectures (VGG, ResNet, and inception), decision
trees, Gaussian mixture models (GMMs), and transfer learning. These algorithms are
used for image-based tasks, classification, regression, clustering, and classification tasks.
The choice of algorithm depends on the specific requirements, dataset characteristics, and
preferences of researchers or practitioners. Factors such as interpretability, computational
resources, and the trade-off between accuracy and training time also play a role in the
selection process (as per Figure 19).

5 Novelties

o Self-supervised learning: Where the model learns from the inherent structure of the
data without relying on external labels. This approach could be beneficial when the
labelled datasets are limited.

e Privacy and security: Measures into the design and deployment of fruit disease
detection systems, developers can build trust among the users and stakeholders,
ensuring the responsible and secure use of agricultural data.

o Explainable Al with interactive features: It incorporate the interactive features like
visualisations. Heatmaps, and interfaces to improve exploitability and provide users
with insights into the model’s decision-making process.

e Real-time feedback: Where the model continuously learns from newly captured
images and updates its knowledge base. This is a dynamic learning approach that
ensures the model remains adaptive to changing environmental and disease
conditions.

6 Recommendations

To improve the fruit disease detection system, several recommendations are suggested.
This includes data augmentation and diversity, balancing the class distribution and model
evolution. Our system provides a user-friendly interface which is make it more
comfortable for user to use it, and the previous data history can also be deleted or saved.
It’s user choice, and to use it there is no limitation. This system also contains the theory
about the different diseases that can be detected and also show the way to resolved them.

7 Future research direction and limitation

7.1 Limitations

Fruit disease detection using colour texture and ANNs faces several limitations and
challenges. Data limitations, such as insufficient labelled data, class imbalances, and
generalisation across different environments, can hinder the performance of ANN
models. Interpretability is also a challenge due to the inherent complexity of neural
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networks. Computational resources are also a challenge, as training and deploying
complex ANN models can be computationally intensive. Overfitting and hyperparameter
tuning are also issues, especially when dealing with small datasets. Image quality, the
dynamic nature of diseases, and limited explain ability can also impact the model’s
performance. Ethical considerations, such as respecting privacy rights, are also important.
Addressing these limitations is crucial for responsible fruit disease detection systems, and
ongoing research and advancements in technology could lead to more modification and
widely applicable solutions.

7.2 Future directions

Fruit disease detection systems using colour, texture, and ANNSs are set to evolve in the
future. Key areas of research include advanced neural network architectures, explainable
Al, edge computing, loT integration, collaboration with agricultural experts, multi-sensor
fusion, mobile applications, crowdsourced data, citizen science, continuous dataset
expansion, sustainability, and ethical considerations. Increasing its accuracy and reducing
its mistakes that occur in the imputation of the same type of dataset, which show
different-different output. And make it more Al integrated, which makes it easy to use.

8 Conclusions

In conclusions, the integration of colour and texture analysis with ANNs for fruit disease
detection is a promising approach. This method uses ANN’s ability to learn intricate
patterns from complex data and the nuanced information provided by colour and texture
features. It offers comprehensive feature representation, adaptability to varied conditions,
effective learning, real-time application potential, and contributes to precision agriculture
by enabling targeted treatments. However, challenges such as substantial labelled data,
potential overfitting, and hyperparameter tuning need to be addressed. Future research
and collaboration with domain experts can refine the methodology and adapt it to specific
crops and diseases. Technological advancements in neural network architectures and
training strategies could further enhance fruit disease detection systems. In the fusion of
colour texture analysis with ANN-based models represents a significant step forward in
the realm of frit diseases detection.

The integration of colour and texture analysis with ANNs in fruit disease detection
offers a versatile and effective method for identifying and diagnosing plant diseases. The
combination of colour and texture features improves the model’s ability to distinguish
between healthy and diseased fruits. ANN’s robustness allows for effective learning and
adaptation to diverse imaging conditions, making them suitable for real-world
applications. They can efficiently learn complex patterns and relationships within the
data, facilitating effective disease detection. ANNs are scalable and computationally
efficient, making them suitable for deployment in resource-constrained environments.
Future research could explore the integration of advanced neural network architectures
and collaborations with agricultural experts to modify the model’s accuracy and
applicability to specific crops and diseases.
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Ethical committee and funding

The introduction lays the groundwork for understanding the critical function of fruit
disease detection system which helps to minimum the losses of the agricultural yielding
of crop. The research objectives for fruit disease detection using colour, texture, and
ANNSs are clearly stated. Ethical considerations are discussed, including the process of
submitting the proposal to an ethical committee and informed consent. Funding is crucial
for agricultural research and technology development, and potential sources are
identified. The grant proposal is provided, outlining the project’s objectives,
methodology, and expected outcomes.
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Appendix

Key terms and definitions

ANN : consist of input, hidden, and output layers with connected neurons (nodes) to
simulate the human brain. The existing nodes process and transmit input signals to
the next nodes.

Training data: is the data you use to train an algorithm or machine learning model to
predict the outcome you design your model to predict.

Learning algorithms: consists of a loss function and an optimisation technique.
Classification metric: the key features are: accuracy, recall, precision, and F1-score.

Precision agriculture: is an algorithm returns more relevant results than irrelevant
ones.

Python: is commonly used for developing websites and software, task automation,
data analysis, and data visualisation.

OpenCV: is a great tool for image processing and performing computer vision tasks.

TensorFlow: can be used to develop model for various tasks, including natural
language processing, image recognition, handwriting recognition, and different
computational-based simulations such as partial differential equations.

PyTorch: is a fully featured framework for building deep learning models, which is a
type of machine learning that’s commonly used in applications like image
recognition and language processing.

Data augmentation: is a technique of artificially increasing the training set by
creating modified copies of dataset using existing data.

Explainable AI (XAl): is a set of processes and methods that allows human users to
comprehend and trust the result and output created by machine learning algorithms.

HyperText Markup Language (HTML): is the code that is used to structure a web
page and its content.

CSS is the acronym of ‘Cascading Style Sheets’: CSS is a computer language for
laying out and structure web pages (HTML or XML).

JavaScript: is a scripting language that enables you to create dynamically updating
content, control multimedia, animate images, and pretty much everything else.

Streamlit: is a free and open-source framework to rapidly build and share beautiful
machine learning and data science web apps.



