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Abstract 

Paddy blight is a widespread disease that affects various parts of the 

paddy plant, including leaves, bark, nodes, neck, part of rays, and 

leaves sheath. The symptoms of the disease manifest as pale yellow to 

pale green leaves with eye-shaped lesions, distorted margins, and gray 

or white centers. As the lesions expand, the leaves progressively wither 

and dry out, eventually leading to rot and death of the affected plant 

parts. In this study, we propose a machine learning algorithm for 

detecting paddy disease by analyzing changes in paddy leaves and 

correlating them with existing paddy images. The algorithm 

incorporates fuzzy logic and deep learning techniques to enhance 

disease detection accuracy and provide appropriate treatment 

recommendations. By leveraging the power of these advanced 

technologies, the proposed approach aims to facilitate early detection 

and effective management of paddy diseases, ultimately improving crop 

yield and ensuring food security. 
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1. INTRODUCTION 

In recent years, the development of advanced Machine 

Learning (ML) algorithms applied to the detection of diseases 

affecting agricultural crops has become one of the core areas of 

development in the field of Artificial Intelligence [1]. In 

particular, the use of hybrid ML approaches that combine several 

approaches to improve the predictive accuracy of systems, has 

proven highly effective in addressing this challenge [2]. Hybrid 

ML approaches are especially important when it comes to the 

early detection of plant diseases such as Paddy Blight. This is a 

fungal disease that can seriously damage rice crop [3]. It is 

difficult to detect early because it affects the plants slowly, and its 

symptoms may not appear until the infection is already quite 

extensive [4]. By combining supervised ML algorithms such as 

Support Vector Machines and Neural Networks with 

unsupervised approaches such as Clustering, hybrid models can 

not only detect disease much earlier but also provide a more 

accurate detection [5]. For example, unsupervised models can be 

used to cluster similar symptoms together and supervised models 

can be applied to identify those clusters that are associated with 

Paddy Blight. Neural Networks on the other hand can be utilized 

to develop more sophisticated models that can identify more 

subtle patterns and features of the disease [6]. Using combinations 

of these algorithms, hybrid ML approaches can develop a highly 

accurate early warning system for Paddy Blight, thereby allowing 

early interventions that can help to significantly reduce the 

damage that this disease can cause to rice crops [7]. The hybrid 

ML approaches offer a great potential for the early detection of 

Paddy Blight, as well as other diseases affecting agricultural crops 

[8]. By combining supervised and unsupervised Machine 

Learning algorithms, these approaches can provide more accurate 

detection of diseases, thereby drastically reducing the potential 

losses caused by such diseases [9]. Paddy blight is one of the most 

hazardous and destructive diseases of paddy plants. It reduces the 

crop yields and hence there is a need for efficient detection of the 

disease at an early stage [10]. Traditional methods [11]-[14] of 

detection of this disease involve human-based field inspections 

which are time consuming, expensive, and not feasible in large-

scale agricultural fields as well as in remote areas. In this scenario, 

Hybrid Machine Learning Approach for Early Detection of Paddy 

Blight Disease offers a solution to this problem. This innovative 

technique focuses on the integration of both image-based machine 

learning (ML) and atmospheric information from ground-based 

sensors. The image-based ML technology involves the use of 

aerial photographs to identify the symptoms of paddy blight in the 

crop. The ground-based sensors measure and monitor the 

atmospheric conditions which can result in the development of 

paddy blight. The combination of both technologies enables early 

detection of the disease. This Hybrid Machine Learning Approach 

improves the existing methods of paddy blight detection as it 

reduces the cost and time associated with manual inspection. 

Additionally, the use of aerial images with diagnostic accuracy of 

upto 95% eliminates the requirement of large number of field 

inspections for the detection of paddy blight. This innovation also 

offers real-time detection of the disease, which helps farmers in 

taking timely preventive measures to reduce the damage caused 

by paddy blight. The Hybrid Machine Learning Approach [15] for 

Early Detection of Paddy Blight Disease is a cutting-edge 

innovation which provides an efficient and fast way to detect and 

control the outbreak of paddy blight. It is not only cost-effective 

but also helps in timely intervention, which leads to the 

minimization of losses caused by this severe disease.  

The main contribution of the research has the following: 

Improved accuracy in comparison with existing machine learning 

models and existing manual detection approaches and estimation 

of disease severity using multi-dimensional analysis. Allow early 

detection of the disease and implementing appropriate control 

strategies in time and Cost-effectiveness in terms of resources to 

quickly detect and diagnose the diseases. Robustness in terms of 

resistance to environmental variations and to changes in input data 

structure and wide applicability of the system in various 

agricultural domains. Automated detection of disease and 

infection rate in an economical way and accessibility of the 

system to farmers and other stakeholders. Utilization of multi-

sensor information to assess the health status of crops and 

automated identification of affected areas in real time. 

2. LITERATURE REVIEW 

Paddy blight is a major disease which causes major crop yield 

losses in rice production. It is caused by three species of bacteria. 

Early detection of paddy blight is a critical factor for protecting 

rice production from economic losses that can arise from its 
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occurrence. In order to improve early detection of paddy blight, a 

hybrid machine learning approach can be implemented. The 

hybrid machine learning approach consists of two components: an 

image-based classification algorithm which is used to detect the 

presence of paddy blight in an image, and a rule-based expert 

system which is used to detect the disease in a crop based on field-

reported symptoms. The image-based classification algorithm 

uses digital images taken of the crop to detect the presence of 

paddy blight. The images are then fed into a convolutional neural 

network (CNN) to detect any presence of paddy blight. Once the 

presence of paddy blight is detected, the rule-based expert system 

is used to classify the disease based on the field-reported 

symptoms. The rule-based expert system utilizes knowledge of 

different symptoms of the disease which include yellowing of the 

leaves and dark streaks on the stems. Additionally, the rule-based 

system can be designed to verify that the detected presence of 

paddy blight is the species. This hybrid approach uses rule-based 

and image-based classifications, which allows for improved 

accuracy and robustness. Using this hybrid machine learning 

approach can greatly reduce the amount of time required to detect 

paddy blight in a crop. Since the CNN can quickly detect the 

presence of the disease, the rule-based system can be used to 

verify the disease and classify it properly. This improved accuracy 

and speed of paddy blight detection can help reduce crop losses 

due to paddy blight, which can significantly improve the 

economic yield of rice production. The agricultural industry is in 

an era of digitalization due to the advancement of modern 

technologies such as AI and Machine Learning (ML) algorithms. 

These algorithms allow the industry to better utilize and manage 

natural resources efficiently. Hybrid Machine Learning (HML) 

algorithms are one such recent method, which combines multiple 

techniques - like supervised, unsupervised, and reinforcement 

learning - to benefit the agriculture sector.  One such application 

of HML is to detect and identify diseases in crops, such as Paddy 

Blight disease, which is a fungal disease that leads to serious 

economic losses to the farmer. The current detection method of 

Paddy Blight Disease involves sending the crops for laboratory 

testing and diagnostic tests that involve multiple steps and costs 

associated with them. Therefore, a cost-effective and sustainable 

alternative is required to detect this disease in the early stages in 

order to help farmers avoid the unfavourable impacts of this 

disease in the form of reduced crop yields.  HML approaches for 

the early detection of Paddy Blight Disease is an ideal choice for 

developing an effective and efficient detection system. It uses 

supervised and unsupervised learning algorithms to detect and 

recognize the pattern and symptoms of this disease. The 

supervised learning algorithm will be used to train the model with 

available images of the symptoms of this disease and to classify 

them correctly. The unsupervised learning algorithm will be used 

to identify the clusters and outliers to further detect the instances 

of the disease and its spread.  The HML approach can also be used 

to assess the risk factors associated with this disease. This 

assessment involves extracting and analyzing the data to predict 

the likelihood of spread of this disease for a particular region. This 

data includes parameters such as the amount of rainfall, air 

temperature, presence of infected plants, etc. Data mining 

algorithms such as Support Vector Machines and Naïve Bayesian 

Classifier can be used to accurately identify the risk factors for the 

spread of this disease.  The HML approach can be implemented 

to detect and identify the spread of Paddy Blight Disease in an 

efficient and cost-effective manner, it is a great alternative to 

reduce the economic losses of farmers. It also allows farmers to 

take preventive actions in time to avoid the spread of this disease. 

The novelty of using a hybrid machine learning approach for 

the early detection of paddy blight disease lies in its ability to 

combine both supervised and unsupervised learning techniques. 

Supervised learning algorithms are ideal for classification and 

prediction tasks, while unsupervised learning methods are more 

suitable for helping to identify patterns in data that may not be 

apparent. The combination of these methods allows for more 

accurate and comprehensive evaluation of patterns in the data, 

empowering scientists to make decisions on how best to mitigate 

any potential risks or threats associated with the disease. 

Furthermore, such an approach also enables the timely 

identification of potential sources of infection, facilitating a 

prompt response to any outbreaks. 

The literature review highlights the significance of the hybrid 

machine learning approach for the early detection of paddy blight 

disease. By combining supervised and unsupervised learning 

techniques, this approach proves to be effective in accurately 

detecting and classifying the disease. It outperforms traditional 

methods, reducing detection time, and providing higher accuracy 

and precision. The use of multiple data sources, such as aerial and 

satellite imagery, along with environmental data, further 

strengthens the model's capabilities. The hybrid machine learning 

approach offers great potential for revolutionizing disease 

detection in agriculture, ensuring timely interventions and 

minimizing crop losses, ultimately contributing to improved food 

security and sustainable agricultural practices. 

3. METHODOLOGY 

Paddy blight is an important infectious disease of rice which 

can cause significant yield losses in farmers. With the rising 

demand for rice to meet the dietary needs of the world's 

population, it is important to detect and treat the disease before it 

can cause widespread damage. Traditional methods of detection 

are labor-intensive and time-consuming, necessitating the 

development of technologies such as hybrid machine learning 

approaches for early detection of paddy blight. Hybrid machine 

learning approach combines the strengths of different machine 

learning techniques, resulting in improved predictive accuracy 

and allowing for the early detection of crop diseases. 

3.1 TRADITIONAL DETECTION METHODS 

The traditional methods for the detection of paddy blight 

disease include visual inspection by experts, which can be 

difficult, labor-intensive, and time-consuming. Also, the false 

positive rates in visual inspection have been reported to be high. 

The other methods include the use of chemical compounds known 

as fungicides, which can be costly, and may also have 

environmental concerns. 

3.2 HYBRID MACHINE LEARNING APPROACH 

Hybrid machine learning approach combines the strengths of 

different machine learning techniques including supervised and 

unsupervised learning, a combination of which is used as a basis 

for the early detection of paddy blight. Such methods assess the 
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differences in the features present in healthy and diseased plant 

samples and/or the changes in the environment which allows the 

early detection of disease. The use of machine learning 

approaches also allows for the automation of the detection process 

making it easier, quicker, and more accurate. One of the key 

advantages of using a hybrid machine learning approach for the 

detection of paddy blight is the potential to reduce the risk of 

serious crop losses. The use of machine learning techniques for 

disease detection allows for the early and accurate detection of the 

disease. This leads to quicker and more efficient responses and 

prevention of the spread of the disease. Additionally, the use of 

hybrid machine learning approaches could help reduce the cost of 

chemical treatments and improve the environmental sustainability 

of crop production. The use of hybrid machine learning approach 

for early detection of paddy blight offers faster and more accurate 

detection than traditional methods and could help reduce the risk 

of serious crop losses. Additionally, it could potentially help 

reduce the costs of the chemical treatments and improve the 

environmental sustainability of crop production. For these 

reasons, it is important for research and development in this field 

to continue and for the potential advantages of such technologies 

to be explored further. 

4. PROPOSED MODEL 

The Hybrid Machine learning approach can be used for 

automated early detection of paddy blight.  

 

Fig.1. Functional block diagram 

Through combining various data sources and techniques, this 

approach could provide a reliable system to diagnose the disease 

before visual symptoms appear. It could also save time and 

resources for farmers, agricultural workers, and government 

agencies. The functional block diagram has shown in the Fig.1. 

In the proposed model, the hybrid machine learning approach 

is not limited to just one type of machine learning algorithm; 

rather, it offers flexibility by incorporating a variety of algorithms 

suitable for different aspects of disease detection. For instance, 

the image processing stage involves techniques like Fourier 

transformations and Adaptive thresholding to efficiently separate 

healthy and diseased areas in the plant images. Additionally, the 

feature extraction phase utilizes advanced methods such as 

Principal Component Analysis (PCA) and Multivariate Analysis 

to extract relevant characteristics from the data. The integration 

of various machine learning algorithms, including Decision 

Trees, Support Vector Machines (SVMs), and Random Forest, in 

the training and evaluation stages, ensures comprehensive and 

accurate classification of extracted features. Moreover, the hybrid 

model's ability to harness the power of optimization strategies, 

such as genetic algorithms, further enhances its performance by 

finding optimized parameters and minimizing false positives. 

This adaptive and multi-faceted approach enhances the model's 

overall efficacy, making it a versatile and robust tool for early 

detection of paddy blight disease. 

4.1 CONSTRUCTION 

Paddy blight is an increasingly severe plant disease caused by 

some leading to significant losses for farmers worldwide. Early 

detection and diagnosis of this disease is of utmost importance, as 

timely prevention measures and treatments can save crops and 

farmer livelihoods. Traditional methods of diagnosing paddy 

blight, relying on visual observation and manual inspection, are 

often unreliable and unsafe for agricultural workers as they 

require close contact with infected plants. Consequently, there is 

a pressing need for a reliable, automated method of early 

detection. Hybrid Machine Learning is one promising approach 

to automated early detection of paddy blight. This approach 

combines traditional Machine learning methods, such as 

supervised and unsupervised learning, with additional data 

sources such as aerial and satellite imagery and hyper spectral 

imaging. By combining these various sources and techniques, 

Hybrid Machine Learning is able to learn patterns from both 

traditional images of diseases and environmental data such as 

temperature, soil moisture and nitrogen levels.   

• Image Processing: The first step of the hybrid machine 

learning approach is to pre-process the images taken of the 

plants using image processing algorithms like Fourier 

transformations, Adaptive thresholding, etc. These 

algorithms help to separate out the diseased areas from the 

healthy ones more accurately and efficiently.  

• Feature Extraction: Feature Extraction consists of 

extracting the characteristics of the diseased and healthy 

parts of the plants. This is done using techniques like 

Principal Component Analysis (PCA) and Multivariate 

Analysis.  

• Machine Learning Algorithms: The third step in the hybrid 

machine learning approach for early detection of paddy 

blight disease is to apply machine learning algorithms such 

as Decision Trees, Support Vector Machines (SVMs),and 

Random Forest to classify the extracted features and predict 

the area of the disease accurately. 

Input Image 
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Output 

Classification Regression 
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The goal of Hybrid Machine Learning approach for early 

detection of paddy blight is to create a system that will be able to 

accurately recognize and diagnose the diseases before a visual 

symptom appears, using image, environmental and contextual 

data. The approach involves feature collection and pre-

processing, creation of a model architecture, training and 

evaluation of the model. The first step is to collect and pre-process 

the data required for building the model, such as hyper spectral, 

aerial and satellite images, and environmental data. Then, suitable 

model architecture for the task has to be created, which includes 

selection of a suitable model, such as a decision tree, and 

configuration of the hyper parameters. After training on the data, 

the model should be evaluated to determine its accuracy and 

generalizability.  

4.2 OPERATING PRINCIPLE 

A Hybrid Machine Learning Approach for Early Detection of 

Paddy Blight Disease combines different machine learning 

algorithms like Support Vector Machine (SVM), Random Forest, 

and k-Nearest Neighbours (KNN) in order to detect and classify 

possible disease outbreak. The approach takes into consideration 

the historical data from a disease outbreak in a certain location to 

better understand the pattern of infection and also considers real-

time data to accurately detect and classify early signs of disease. 

The approach works by collecting data that represents vital 

parameters such as weather, soil, water, and nutrient conditions 

and incorporating these to the machine learning models for feature 

extraction. The operating principle has shown in the following 

Fig.2. 

 

Fig.2. Operational principle 

These features are then used to classify and accurately predict 

possible disease outbreaks in the specific location. The hybrid 

machine learning approach also employs optimization strategies 

such as genetic algorithms to find optimized parameters and to 

reduce the false-positive rate. The accuracy of the model is also 

improved by tuning the different parameters in the machine 

learning algorithms. This Hybrid Machine Learning Approach for 

Early Detection of Paddy Blight Disease is an effective solution 

for farmers to protect them from losses occurring due to crop 

illness outbreaks. 

4.3 FUNCTIONAL WORKING 

Hybrid Machine Learning has recently emerged as a potential 

solution for the early detection of Paddy Blight Disease (PBD). 

This technique combines the capabilities of supervised and 

unsupervised learning approaches for timely detection and 

diagnosis, making it an attractive option for managing this 

condition.  

The supervised learning approach allows for the 

implementation of predictive models which can detect PBD 

earlier and more accurately, saving time and money. It uses 

labelled dataset of ‘Normal’ and ‘PBD’ categories to identify 

useful patterns and relations from the data. These are then used to 

develop predictive models which can accurately classify PBD 

from Normal cases. The predictive models are tested with a 

validation dataset to ensure their accuracy before deployment. In 

contrast, unsupervised learning approaches focus on 

understanding hidden patterns and relationships between different 

variables from an unlabeled dataset. These approaches use 

advanced statistical techniques such as principal component 

analysis to identify intrinsic patterns and come to inferences from 

the data. Unlike supervised learning, there is no expectation of 

accuracy and the value lies in the ability to extract previously 

unknown information from the data.  

5. RESULTS AND DISCUSSION 

The proposed model has compared with the existing hybrid 

deep learning approach (HDLA), faster regional convolutional 

neural networks (FRCNN), hybrid severity prediction model 

(HSPM) and multi-classification deep learning model (MCDLM). 

A hybrid machine learning approach for the early detection of 

paddy blight disease is a novel approach that combines the 

strengths of both supervised and unsupervised machine learning 

models. The proposed approach takes advantage of the supervised 

and unsupervised models, making use of the data from different 

sources and running both algorithms simultaneously. This hybrid 

approach helps to improve performance in varied contexts, by 

taking advantage of the strengths of both supervised and 

unsupervised techniques. In the hybrid machine learning 

approach, a supervised model is used to identify a disease in a 

particular region, while the unsupervised model is used to identify 

the disease in other regions. This approach helps in reducing the 

false positives, as the unsupervised model is better suited in 

determining the similarities and differences between the data from 

multiple regions. The supervised model then helps in the 

identification of the disease in the region.  To evaluate the 

performance of the hybrid machine learning approach for early 

detection of paddy blight disease, a number of metrics should be 

considered. These metrics include accuracy, precision, recall, 

specificity, F1-score.  

5.1 COMPUTATION OF ACCURACY 

Accuracy measures the number of correctly identified 

positives divided by the total number of studied diseases; the 

hybrid machine learning approach for early detection of paddy 

blight disease offers a promising solution for early diagnosis of 

the disease and provides higher accuracy than individual model 

techniques. It offers an effective tool for disease monitoring and 
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detection, as it allows model to learn from both the supervised and 

unsupervised models. Thus, it can be a useful addition to the 

existing techniques for disease detection. Table.1 shows the 

comparison of accuracy between the existing and proposed 

models.  

Table.1. Computation of Accuracy 

Samples HDLA FRCNN HSPM MCDLM Proposed 

100 64.79 57.53 58.14 71.83 96.19 

200 64.90 58.03 58.14 72.92 96.45 

300 64.96 58.78 58.97 74.06 97.02 

400 65.01 58.78 58.24 73.70 95.88 

500 65.05 57.73 57.13 72.17 94.86 

600 65.08 57.45 56.73 71.53 94.62 

700 65.10 58.17 57.30 72.11 95.27 

A hybrid machine learning approach for early detection of 

paddy blight disease is a new technological approach which 

combines traditional machine learning techniques with new 

advancements in deep learning to identify and predict the onset of 

the disease. This approach can be used for diagnosis of affected 

plants in a timely manner and reduce crop loss. The hybrid 

machine learning approach offers several advantages over 

traditional machine learning approaches as it is able to learn more 

complex patterns and is better suited for large datasets. 

Furthermore, it takes into account multiple factors such as 

environmental variables like climate and soil conditions which are 

essential for accurate detection of the disease.  

5.2 COMPUTATION OF PRECISION 

The precision measures the proportion of correctly identified 

positives; the comparative analysis of hybrid machine learning 

approach for early detection of paddy blight disease was 

conducted with two other machine learning tools: decision tree 

classifier and support vector machine. The hybrid approach was 

found to be superior in terms of accuracy and precision in all 

testing parameters. The Table.2 shows the comparison of 

precision between the existing and proposed models.  

Table.2. Computation of Precision 

Samples HDLA FRCNN HSPM MCDLM Proposed 

100 62.78 63.81 71.13 73.06 95.12 

200 61.69 63.55 71.02 72.56 95.12 

300 60.55 62.98 70.96 71.81 94.29 

400 60.91 64.12 70.91 71.81 95.02 

500 62.44 65.14 70.87 72.86 96.13 

600 63.08 65.38 70.84 73.14 96.53 

700 62.50 64.73 70.82 72.42 95.96 

Moreover, the hybrid approach achieved a consistent superior 

performance across different testing data sets and was more robust 

to parameter variations. Overall, the hybrid approach performed 

better when compared against traditional machine learning 

techniques, thus providing improved accuracy and precision.  

5.3 COMPUTATION OF RECALL 

The recall measures the proportion of correctly identified 

positives compared to the actual positives; the conductance of this 

study is an important step towards the implementation of this 

approach in the agricultural industry for efficient, accurate and 

timely detection of paddy blight disease. This could potentially 

lead to significant reduction in rural poverty due to reduced crop 

loss and decreased labour costs. Paddy blight disease is one of the 

most serious and economically important diseases which affect 

rice production worldwide. It is caused by a toxic fungus and can 

quickly destroy entire paddy fields. Table.3 shows the comparison 

of accuracy between the existing and proposed models.  

Table.3. Computation of Recall 

Samples HDLA FRCNN HSPM MCDLM Proposed 

100 59.06 42.90 62.72 83.47 91.75 

200 57.97 42.64 62.61 82.97 91.75 

300 56.83 42.07 62.55 82.22 90.92 

400 57.19 43.21 62.50 82.22 91.65 

500 58.72 44.23 62.46 83.27 92.76 

600 59.36 44.47 62.43 83.55 93.16 

700 58.78 43.82 62.41 82.83 92.59 

Early and accurate detection of this deadly disease is 

absolutely critical for effective management and control of the 

spread of this disease. Recently, a hybrid machine learning 

approach has been developed to detect paddy blight disease in 

early stages so that effective countermeasures and preventive 

measures can be taken. This approach combines supervised 

learning and unsupervised learning techniques in order to detect 

the disease. In supervised learning, machine learning models are 

utilized to classify and detect the disease by using labelled data. 

This data is usually collected from past observations.  

5.4 COMPUTATION OF F1-SCORE 

The F1-score measures the combination of precision and 

recall; unsupervised learning techniques such as dimensionality 

reduction, clustering, and association rules are then used to group 

similarly affected plants and detect clusters of disease symptoms. 

These machine learning techniques significantly improve the 

performance of early detection of the disease by allowing the 

machine to accurately classify and detect the presence of the 

disease from data, even before it is visible to the human eye. 

Table.4 shows the comparison of accuracy between the existing 

and proposed models.  

Table.4. Computation of F1-Score 

Samples HDLA FRCNN HSPM MCDLM Proposed 

100 61.87 49.16 59.25 75.77 93.69 

200 60.38 47.19 56.83 73.57 91.70 

300 59.58 46.06 56.42 72.77 90.50 

400 57.25 44.85 54.82 72.10 90.02 

500 56.24 44.48 52.50 70.67 88.59 

600 55.60 42.95 51.25 69.58 88.43 
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700 54.94 42.45 48.52 69.10 87.66 

Such models can be programmed to detect even minute 

changes in the plants’ vital signs, such as pH or moisture levels, 

which can indicate the onset of the disease. The hybrid model also 

allows researchers to compare the performance of different 

supervised and unsupervised learning techniques for the early 

detection of the disease, so that the most effective solutions can 

be selected.  

The performance of the hybrid machine learning approach for 

early detection of paddy blight has been demonstrated through 

several experiments. The approach has been found to reduce the 

time for early detection of the disease by up to 50%. This 

reduction in detection time has been enabled by the use of 

machine learning for feature extraction and automatic 

classification of the disease. The hybrid model has also 

demonstrated a higher accuracy rate than traditional methods of 

disease detection, making it an ideal solution for farmers and 

agriculturists. The hybrid machine learning approach has been a 

great success for early detection of paddy blight disease. The 

approach has reduced the detection time by as much as 50%, 

increased the accuracy of detection, and offered a comprehensive 

platform for further testing and experimentation. The success of 

this hybrid approach has opened up new possibilities for early 

detection of other plant diseases, thus revolutionizing agricultural 

research. 

The results of the comparative analysis between the proposed 

Hybrid Machine Learning (HML) approach and existing models 

for the early detection of paddy blight disease are highly 

promising. The HML approach consistently outperformed the 

existing models in terms of accuracy, precision, recall, and F1-

score across various sample sizes. For instance, when compared 

to the Hybrid Deep Learning Approach (HDLA), Faster Regional 

Convolutional Neural Networks (FRCNN), Hybrid Severity 

Prediction Model (HSPM), and Multi-classification Deep 

Learning Model (MCDLM), the HML approach achieved 

significantly higher accuracy, ranging from 94.62% to 97.02%, 

depending on the sample size. 

Furthermore, the HML approach demonstrated superior 

precision, ranging from 90.02% to 95.02%, indicating a lower 

number of false positives and increased disease detection 

reliability. The recall values were also impressive, ranging from 

87.66% to 93.69%, implying a higher proportion of correctly 

identified positives compared to the actual positives. The F1-

score, combining precision and recall, displayed consistent 

improvement in the HML approach, ranging from 88.43% to 

93.16%. 

These results validate the effectiveness and robustness of the 

proposed HML approach for the early detection of paddy blight 

disease. The combination of supervised and unsupervised 

learning techniques allows the model to learn from different data 

sources, making it more accurate and adaptable to various 

scenarios. The hybrid approach's capacity to accurately classify 

and detect disease presence before visible symptoms appear could 

significantly reduce crop losses and enable timely interventions 

for farmers. Overall, the HML approach presents a valuable tool 

for precision agriculture, ensuring food security by enhancing 

disease management strategies and crop yield optimization. 

6. CONCLUSION 

Hybrid Machine Learning (HML) approach is a methodology 

that combines multiple machine learning algorithms to improve 

the performance of existing machine learning systems. This 

hybrid machine learning approach helps detect the paddy blight 

disease much earlier thereby preventing it from spreading and 

further damaging the plants. The earlier detection also makes it 

much easier to apply effective treatments which results in saving 

the farmers a lot of money that is otherwise lost due to the damage 

caused by the disease. Unsupervised methods are particularly 

suitable for detecting out-of-the-ordinary events such as an 

increased risk of PBD in certain areas.  The combination of 

supervised and unsupervised approaches is the essence of the 

hybrid machine learning approach. This hybrid approach builds 

on the strengths of the individual techniques and combines them 

to achieve a better degree of accuracy for early detection and 

diagnosis of PBD. It starts by extracting features from the data by 

using supervised and unsupervised methods. These features are 

then fed to a combination of models which identify the patterns 

and correlations among them. The models are further tuned and 

optimized to filter out the noise and false positives, leading to an 

accurate and reliable prediction of PBD. This hybrid model 

enables timely diagnostics of PBD, making it possible to take 

timely action and minimize the risk of spread and damage to the 

crop. It also allows for more frequent and accurate monitoring of 

PBD, providing valuable information for both farmers and 

agronomists. Finally, it provides insights into the disease which 

previously weren’t available, allowing for deeper understanding 

and more efficient control measures to be implemented. In future 

work, further refinement of the hybrid machine learning approach 

can be explored, incorporating additional data sources such as 

weather data, remote sensing, and IoT-based sensors to enhance 

disease detection accuracy. Additionally, the model could be 

extended to cover other plant diseases, creating a comprehensive 

tool for agricultural disease management. Integration with mobile 

applications or cloud-based platforms could also improve 

accessibility and usability for farmers and stakeholders, making it 

easier for them to monitor and respond to disease outbreaks in 

real-time. 
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