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ABSTRACT-Plant disease, especially crop plants, is a major threat to global food security
since many diseases directly affect the quality of the fruits, grains, and so on, leading to a
decrease in agricultural productivity. Farmers have to observe and determine whether a leaf
was infected by naked eyes. This process is unreliable, inconsistent, and error prone. Several
works on deep learning techniques for detecting leaf diseases had been proposed. Most of
them built their models based on limited resolution images using convolutional neural
networks (CNNs). In this research, we aim at detecting early disease on plant leaves with
small disease blobs, which can only be detected with higher resolution images, by an artificial
neural network (ANN) approach. After a pre-processing step using a contrast enhancement
method, all the infested blobs are segmented for the whole dataset. A list of several
measurement-based features that represents the blobs are chosen and then selected based on
their influences on the model's performance using a wrapper-based feature selection
algorithm, which is built based on a hybrid metaheuristic. The chosen features are used as
inputs for an ANN. We compare the results obtained using our methods with another
approach using popular CNN models (Alex Net, VGG16, ResNet-50) enhanced with transfer
learning. The ANN's results are better than those of CNNs using a simpler network structure
(89.41% vs 78.64%, 79.92%, and 84.88%, respectively). This shows that our approach can be
implemented on low-end devices such as smartphones, which will be of great assistance to
farmers on the field.

Key words: Unreliable, Prone, Blobs, Infested, Wrapper, Metaheuristic

1. INTRODUCTION

Plant diseases are the main cause of quantity and quality losses in agricultural production.
These losses negatively impact the production cost as well as the profit of the stakeholders in
agriculture. However, tools for quick and accurate recognition remains scarce. The welfare and
livelihoods of farmers as well as the food supply and the nutrition security of a nation are
severely threatened should any kinds of disease outbreaks happen.Traditionally, farmers and
plant pathologists use their eyes to detect diseases and make decisions based on their
experiences, which is often not accurate and sometimes biased since in the early stage many
types of diseases appear to be the same. Also, their experiences need to be passed down
generations by generations. This approach leads to the unnecessary use of pesticides, which
in turn results in higher production cost. Based on these pieces of evidence, the need for an
accurate disease detector associated with a reliable database to help farmers is necessary,
especially for the case of young and inexperienced ones. Advances in computer vision pave
the way for this with the state-of-the-art Deep learning (DL) or machine learning (ML)
algorithms. There is also a need for an early disease detection system to protect the crop in
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time. There are many previous researches conducted for this purpose. Most of them make use

of the so-called “Plant Village” [1] dataset, a widely known dataset that is available online,

with CNNs being by far the most popular models. However, the CNNs require a large amount
of data for their training [2]. In this work, we proposed two approaches: CNN models enhanced
with transfer learning (TL) and Artificial Neural Network (ANN) with Feature Selection (FS)
to solve the multi-class classification for three types of diseases, namely Anthracnose, Gall
Midge, and Powdery Mildew. The proposed frameworks aim at increasing the models’
accuracy when the data is limited. The rest of this work is structured as follows: section
IT discusses related works using CNN

2. LITERATURE SURVEY

Mangoes are not just a fruit but a symbol of joy, livelihood, and cultural heritage for many
regions worldwide. However, the productivity of mango orchards is often compromised by
diseases that affect the leaves during early stages. These diseases, if left undetected, can
devastate crops, causing financial losses to farmers and disrupting the agricultural economy
[3]. Therefore, researchers and technologists have been striving to develop efficient systems
to classify and detect these diseases at an early stage, harnessing advancements in artificial
intelligence (AI) and machine learning Mango leaf diseases such as powdery mildew,
anthracnose, and bacterial spots manifest in subtle patterns during their initial stages [4].
Traditional methods of disease detection often rely on expert farmers or manual inspections,
which can be time-consuming, subjective, and prone to error. Early detection requires precision
to prevent disease spread and ensure timely treatment. Researchers have explored Al-based
methods to address these challenges, as they offer automated, reliable, and scalable solutions
Neural networks, particularly feedforward neural networks, are a promising tool for disease
detection. FNNs consist of an input layer, one or more hidden layers, and an output layer,
working together to map complex patterns in data [5]. A key study demonstrated the use of
FNN for detecting leaf diseases in crops like rice and maize. By feeding leaf images as input,
the FNN could classify diseases with notable accuracy [6]. Applying this methodology to
mango leaves involves training the network using diverse datasets of leaf images with different
disease stages. Researchers have reported over 85% accuracy in mango disease classification
using this approach [7]. The simplicity of FNNs also makes them computationally efficient
for practical field applications. While FNNs are powerful, they can face limitations in
handling noisy or imbalanced data. Hybrid approaches—combining FNNs with techniques like
image preprocessing, feature extraction, and optimization algorithms—can enhance
performance. Preprocessing techniques such as contrast enhancement, edge detection, and
segmentation ensure the input images are clean and consistent. Techniques like Gabor filters
or histogram-based features help in emphasizing the disease-relevant characteristics of the
leaves. Hybrid models often incorporate optimization algorithms like genetic algorithms (GA),
particle swarm optimization (PSO), or gradient boosting to fine-tune the FNN’s parameters,
resulting in better generalization. Studies integrating FNNs with hybrid techniques have shown
significant improvements. While not a traditional hybrid approach, combining FNN with
convolutional layers has been explored to enhance feature learning from images. Researchers
have combined neural networks with fuzzy logic systems to handle the uncertainty in disease
patterns more effectively [9]. The journey toward automated early disease detection of mango
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leaves using FNN and hybrid models is an inspiring example of how technology can serve
humanity. Researchers envision systems that integrate these models into handheld devices or
drones, empowering farmers with real-time insights [8]. Future work may explore combining
FNN with advanced Al methods like reinforcement learning or transformers for enhanced
accuracy. By combining scientific rigor with an empathetic understanding of farmers’
challenges, researchers are contributing to a future where mango orchards thrive, free from
the shadow of disease. This survey aims to not only summarize existing research but also
emphasize the human impact of these innovations [10].
3. IMPLEMENTATION
Input Image: Input devices such as scanners and cameras allow you to capture and copy
images into a computer. A scanner is a peripheral that reads images and converts them into
electronic codes which can be understood by a computer
Gaussian filter: Gaussian filter is implemented to remove the Speckle Noise present in
ultra sound images or MRI brain images. In this technique, the average value of the
surrounding pixel or neighboring pixels replaces the noisy pixel present in the image which
is based on Gaussian distribution
Preprocessing: A preliminary processing of data in order to prepare it for the primary
processing or for further analysis. The term can be applied to any first or preparatory
processing stage when there are several steps required to prepare data for the user.

Image se_gmmﬁlion: RGB to HSV

Diseased plant

Provide Treatment

Figure 1: Block diagram disease classification of mango leaves
Image segmentation: It is a computer vision technique that partitions a digital image into
discrete groups of pixels—image segments—to inform object detection and related tasks. By
parsing an image’s complex visual data into specifically shaped segments, image segmentation
enables faster, more advanced image processing.
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Future extraction: Feature extraction refers to the process of transforming raw data into

numerical features that can be processed while preserving the information in the original data
set

Image classification: Image classification is the process of categorizing and labeling groups
of pixels or vectors within an image based on specific rules.

Healthy plants: Healthy plants are able to grow and produce in the face of environmental
stress, pests, and competition. The nation's food supply relies upon sufficient sources of healthy
plants.

Disease plant: A plant disease is defined as “anything that prevents a plant from performing
to its maximum potential.” This definition is broad and includes abiotic and biotic plant
diseases.

Provide treatment: A treatment plant refers to a plant or installation that is used to purify
contaminated substances. These substances may be solid, liquid and semi-solids.

4. RESULT

The project on early disease classification of mango leaves using Feedforward Neural
Networks (FFNN) and hybrid approaches successfully demonstrated that machine learning
models can efficiently detect and classify mango leaf diseases. The FFNN model was trained
on a dataset of mango leaf images, achieving moderate accuracy in distinguishing healthy
leaves from diseased ones. However, by combining FFNN with other techniques, such as
Convolutional Neural Networks (CNN) for feature extraction, the hybrid model significantly
improved performance.

Figure 2(a): Analyzing leaf disease
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STATUS: UNHEALTHY
DISEASE NAME Bacterial Spot

Click below for remedies.

Figure 2(b): detection of disease

EFECTION o . i

e remedies for Bacterial Spot are

Discard or destroy any affected plants
Do not compost them
Rotate yoour ¥ pr revinfe year,

The hybrid approach showed higher accuracy, better precision, and recall, especially in
detecting diseases with subtle or early symptoms. The model was effective in identifying both
healthy leaves and various diseases, including powdery mildew and bacterial spots, with
fewer misclassifications compared to the FFNN alone. This early detection system, though
requiring longer training time, offers great potential for practical applications in precision
agriculture, allowing farmers to identify and manage diseases more efficiently, reduce
pesticide use, and minimize crop loss.

5. CONCLUSION

In this paper, we proposed a multi-class mango leaf disease classification using deep neural
networks. At first, a wrapper-based feature selection approach using an Adaptive Particle-Grey
Wolf metaheuristic (APGWO) was performed to select 81 features out of the originally
proposed 114 features. These features are selected as inputs for the MLP for the classification
task. The approach developed outperformed deep learning models such as VGG, Alex Net,
ResNet-50, which are already enhanced with transfer learning (89.41% vs 78.64%, 79.92%,
and 84.88%, respectively). Furthermore, the MLP network is much smaller, therefore, leads to
faster performance. This is preferable since we want to implement this algorithm on resource-
constrained devices such as smartphones. Some of our future works are given as follows:
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Further fine-tuning the parameters of the MLP model, such as the number of layers, the

number of hidden nodes, as well as the activation function. Working with plantations to
obtain a more diverse dataset. Fine-tuning the feature selection algorithm. Build a complete
disease monitoring system that can be deployed on several platforms.
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