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Abstract:
The main objective of the research is to diagnose cotton Disease through Image Analysis Using Deep learning. Where it is traditional diagnosis method relies on manual inspection, which is labor-intensive and prone to human mistakes. To overcome this problem, has been proposed Image Analysis Using deep learning technologies, particularly (CNNs), cotton pictures can be diagnosed with high precision to enable faster and more accurate disease detection. The main parts of the affected sheets are also highlighted by the type of disease in the database. This allows for early detection of the disease, reducing agricultural losses, increasing productivity, and improving the sustainability of cotton farming.
Approximately 80-90% of cotton diseases affect leaves, causing up to 16% budget loss and potentially 30-50% crop loss without control. This research explores AI techniques from cotton leaves images.
[bookmark: _Toc192380728][bookmark: _Toc195390700]
Introduction
Artificial intelligence plays an important role in various fields, including: the agricultural field, as artificial intelligence has provided unprecedented capabilities to analyze large amounts of crop data, which has contributed to discovering patterns and risk factors, predicting epidemics, and enhancing the allocation of resources during agricultural crises [1].
Thanks to these technologies, agricultural workers have more advanced tools to detect and prevent diseases. The roles of artificial intelligence in the agricultural field, especially in the cotton crop, vary between data analysis and pattern recognition, and providing predictive models to prevent the spread of cotton crop diseases, and others [2].
The ability of artificial intelligence to analyze large data sets accurately and quickly is one of its most prominent advantages that has made it one of the important technologies in the agricultural field. Thanks to machine learning algorithms, complex data can be analyzed, such as: components and characteristics of the cotton crop, and genetic information to detect patterns that may indicate the beginning of the spread of a specific disease or the emergence of a new disease. Artificial intelligence systems are used in the field of agricultural diagnosis of agricultural crops [3].
AI helps analyze large amounts of genetic data on crops to identify mutations that may indicate the likelihood of developing certain agricultural diseases. These technologies are used to detect agricultural risks and develop appropriate treatments. AI contributes to infectious disease surveillance by analyzing data from various sources, such as news reports and agricultural records, to identify early signs of disease spread among cotton crops [4].
Recently, new and refined techniques have attracted many researchers in the field of cotton sheet disease and pest detection and classification. In particular, the identification of potential diseases or parasites in cotton is based on traditional methods. There is a large farm suitable for cotton planting, but only limited attention is paid to the production of cotton crops [5]. Traditionally, experts detect and identify these diseases of plants and pests on bare eyes. Eye shadow determination is considered a loss of low levels of accuracy for detecting disease. Among the various advanced technologies, advanced technologies, they have helped structure the system to support non-automatic recognition of diseases and plant pests, and to increase the accuracy of corrective actions. With the help of advanced technologies, plant diseases have been reduced, which has increased performance that has contributed to increasing the economy by increasing production [6].
Of the various diseases and parasites, approximately 80-90% were found in cotton leaves. It has been observed that there could be about 16% of budget destruction due to plant syndrome. However, without control measures, it can cause 30%–50% of loss [6]. Owing to the importance of using deep learning techniques in detecting the different crops diseases topic, this research is conducted.

[bookmark: _Toc192380729][bookmark: _Toc195390701]Problem Statement
The cotton plant is susceptible to several disorder attacks due to temperature fluctuation, diseases, and pests. Indeed, the whole world produced nearly 576 kg per hectare of cotton crops, where only 10% of production loss occurred due to different cotton diseases and this results in the downfall of the economy of both the farmer and the country.
Deep learning captures interest to enhance performance in classifying various tasks, which aids in optimizing data for human intervention. In recent applications, deep learning demonstrates significant potential for interpreting the different data related to crops. The core research problem lies in the challenges associated with traditional diagnostic methods for cotton diseases, which primarily rely on visual inspection. These methods are characterized by time-consumption, human intervention, and error, leading to delays in treatment and exacerbation of crop losses. Consequently, there is an urgent need to develop faster and more accurate diagnostic approaches. Also, I have chosen this topic, because Image analysis using deep learning enables quicker and more accurate interpretation of medical images, resulting in better patient outcomes, tailored treatment planning, and streamlined healthcare processes
In addition, I have chosen this topic owing to the importance of the cotton crop in the world economy and because of the many diseases that affect cotton and which lead to the downfall of the economy. This leads to the main research question: How can cotton diseases be diagnosed through image analysis using deep learning?

[bookmark: _Toc192380730][bookmark: _Toc195390702]Research Gap    
There is a research gap owing to the lack of studies regarding Cotton Disease through Image Analysis Using Deep learning. Also, Deep learning method is one of the latest methods that can be used to identify the crops diseases. 

[bookmark: _Toc192380731][bookmark: _Toc195390703]Research Questions
1. What is the importance of Cotton?
2. What are the most common diseases for the cotton?
3. [bookmark: _Hlk192338944]What are the features of deep learning method?
4. What are the challenges for effective Cotton Disease through Image Analysis Using Deep learning?
5. What are the requirements for effective Cotton Disease through Image Analysis Using Deep?

[bookmark: _Toc192380732][bookmark: _Toc195390704]Research objectives 
1. Clarifying the importance of Cotton.
2. Identifying the most common diseases for the cotton.
3. Clarifying the features of deep learning method.
4. Determining the challenges for effective Cotton Disease through Image Analysis Using Deep learning.
5. Determining the requirements for effective Cotton Disease through Image Analysis Using Deep.
[bookmark: _Toc192380733]
[bookmark: _Toc195390705]Research Methodology
In this research, we will use a cotton disease detection framework using several fine-tuned deep-learning models. The performance of the model will be assessed through several indicators like accuracy and recall [15]. 
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Dataset
	Limitations
	Size & Samples
	Biomarker
	Link
	Dataset Name

	Difficulty in image extraction, features extracted as scalograms more accurately detect each plant condition using DL models
	2432 images
	approach combines DL with feature extraction methods such as continuous wavelet transform (CWT) and fast Fourier transform (FFT).
	https://www.researchgate.net/publication/382251164_An_ensemble_deep_learning_models_approach_using_image_analysis_for_cotton_crop_classification_in_AI-enabled_smart_agriculture
	[bookmark: _Toc192380735]An ensemble deep learning models approach using image analysis for cotton crop classification in AI-enabled smart agriculture [7]

	Large number of images, and the difficulty in image extraction 2170 image
	2170 images
	Deep learning method is used to solve the issue because it will perform exceptionally well in image processing and classification problems. The network was built using a combination of the benefits of both the ResNet pre-trained on ImageNet and the Xception component, and this technique outperforms other state-of-the-art techniques
	https://iarjset.com/papers/cotton-plant-disease-prediction-using-image-processing-and-transfer-learning/
	Cotton plant disease-prediction using Image processing and Transfer learning [8]

	Large number of images, and the difficulty in image extraction  1124 mage
	1124 images
	Using a digital camera, I took images of a cotton field for this assignment. In the preprocessing stage, the backdrop is removed from the image using a background removal technique
	https://www.researchgate.net/publication/378156934_Cotton_Leaf_Disease_Detection_Using_Image_Processing
	Cotton Disease Detection Using Image Processing [10]



[bookmark: _Toc192380736][bookmark: _Toc195390707]
Related Work
According to [1], it was stated that with the advancement of artificial intelligence technologies, it has become possible to develop effective systems for automatic detection and classification of plant diseases with high accuracy, which reduces losses. These systems rely on sensors to capture images of plants and analyze them using machine learning algorithms for early detection of diseases in crops such as tomatoes, peppers, potatoes, and cucumbers. 
On the one hand, [4], stated that there are several AI-based techniques for early detection of plant pests, such as image processing and computer vision techniques that use advanced algorithms to analyze images and extract information about the condition of the plant. Specialized cameras are used to enhance images and capture changes in color and texture, which helps in detecting pests. Computer vision contributes to detecting diseases more quickly and accurately than traditional methods, while machine learning is used to distinguish between disease and healthy symptoms. This technique is also effective in detecting fungal diseases such as Fusarium, which causes wilting of plants. Deep learning is also used to analyze spectral or regular images to detect diseases such as spotting or poisoning, allowing diseases to be accurately classified even in their early stages.
On the other hand, [7] clarified that Artificial intelligence is characterized by its ability to achieve accuracy and speed in detecting plant diseases, as deep learning algorithms rely on analyzing agricultural images to quickly identify diseases, saving valuable time for farmers. It also helps reduce costs by reducing reliance on human experts. It provides smart management solutions, which helps farmers make quick and informed decisions based on accurate analysis, which enhances disease control strategies and ensures crop sustainability. The combination of artificial intelligence and agricultural technologies can improve crop productivity, as diseases can be detected early and losses can be reduced, as well as quality and yield increases, which supports food security.
[bookmark: _Toc192380737][bookmark: _Toc195390708]
Literature review
The research conducted by Sharma et al. (2022) is significant for its thorough evaluation of machine learning and deep learning methods in different application areas. Their examination of common methods in these areas may offer important perspectives to enhance our own techniques[10].  
Similarly, Aggarwal et al. (2023) introduced an effective system employing various deep-learning methods to forecast diseases in rice leaves. Utilizing pre-trained models for feature extraction and implementing different machine learning classifiers, the suggested method exceeds existing techniques, reaching as high as 94% accuracy in identifying rice diseases[11]. 
For instance, Kalpana et al. (2023) suggested utilizing deep learning for detecting cotton diseases through various transfer learning models such as VGG-16 and Inception-V3, achieving an accuracy rate of 96%[13]. 
Reddy et al. (2023) created a deep-learning model based on CNN to identify cotton diseases. In their tests involving 720 images, the authors achieved an accuracy rate of 89%[14]. 
[bookmark: _GoBack]Chander and Upendra Kumar (2022) employ various models. The dataset, made up of images of cotton plants and leaves, is gathered manually. These pictures are subsequently utilized for the training and evaluation of the models. The suggested approach shows an improved classification accuracy and decreases the processing time. The writers noted that the efficiency achieved was as high as 96%[12]. 

[bookmark: _Toc195390709][bookmark: _Toc192380738]Related Work Summary
Traditional cotton disease diagnosis is challenged by limitations in accuracy and time-efficiency. Deep Learning (DL), particularly Convolutional Neural Networks (CNNs), has emerged as a promising solution for efficient and rapid image-based plant disease detection, supported by recent studies and available datasets. However, these datasets remain limited, especially in covering the diversity of cotton and its local conditions. This research aims to develop an effective DL-based diagnostic system tailored to meet specific agricultural needs and address current research gaps in this domain.

[bookmark: _Toc192380739][bookmark: _Toc195390710]Research Plan
· [bookmark: _Toc192380740]Data Collection: dataset for Cotton Disease through Image Analysis Using Deep learning, providing a range of data types and information to advance research in these neurodegenerative conditions. Those datasets are available online which makes it easy to use. The first step of our proposal is the collection of data that is necessary to train any deep learning model. In this research, we collect images from well-known data sources.
· [bookmark: _Toc192380741]Data Preprocessing: normalization and dimensionality reduction, are used to prepare the data for classification algorithms, ensuring it is in a suitable format for analysis. This step includes many tasks like image rotating, sharpening, and augmentation. This is necessary to train any deep learning model for classification tasks.
· [bookmark: _Toc192380742]Feature Extraction: extracting relevant features from data sources like AI imaging, and clinical records. 
· [bookmark: _Toc192380743]Validation and Testing: The trained models are validated and tested using separate datasets to assess their accuracy and generalization capabilities. This step ensures the model's reliability in early detection.
· [bookmark: _Toc192380744]Predictive Biomarkers: Classification models can identify predictive biomarkers or patterns in the data that are indicative of cotton diseases. These biomarkers aid in the early identification of plants at risk.
· [bookmark: _Toc192380745]Continuous Monitoring: Classification techniques can be applied to monitor changes in cotton lants, allowing for continuous assessment and early intervention as necessary.





[bookmark: _Toc192380746][bookmark: _Toc195390711]Challenges and Opportunities
· [bookmark: _Toc192380747][bookmark: _Toc195390712]Challenges
1. [bookmark: _Toc192380748]The lack of studies regarding the research topic.
2. [bookmark: _Toc192380749]The complexity of the research methodology.
3. Lack of Available Data
4. Variability in Agricultural Conditions
5. Difficulty in Classifying Similar Symptoms
6. High Computational Requirements
7. Challenges in Practical Adoption
· [bookmark: _Toc192380750][bookmark: _Toc195390713]Opportunities
1. [bookmark: _Toc192380751]Getting the best use of AI technologies
2. [bookmark: _Toc192380752]Adding new data with new topics in the scientific field.
3. Improving Model Performance with Advanced Techniques
4. Creating Larger Databases Through Research Collaboration
5. Integrating Deep Learning with IoT for Smart Farming
6. Supporting Farmers with Smart and Accessible Systems

[bookmark: _Toc192380753][bookmark: _Toc195390714]Expected results
· [bookmark: _Toc192380754]Various experiments will be conducted in this research study to develop an effective model by adjusting parameters like dataset color, epoch count, augmentation, and regularization techniques. 
· [bookmark: _Toc192380755]Advancements in these automated systems are utilized to help farmers and specialists recognize cotton diseases and pests through visual symptoms on leaves. 
· [bookmark: _Toc192380756]The roles of artificial intelligence in the in the cotton crop, vary between data analysis and pattern recognition, and providing predictive models to prevent the spread of cotton crop diseases, and others. 
· [bookmark: _Toc192380757][bookmark: _Toc192380758]Color is the primary and most important characteristic in the identification and categorization of cotton.
· [bookmark: _Toc192380759]Recently, new and refined techniques have attracted many researchers in the field of cotton sheet disease and pest detection and classification. In particular, the identification of potential diseases or parasites in cotton is based on traditional methods. 
· [bookmark: _Toc192380760]With the help of advanced technologies, plant diseases have been reduced, which has increased performance that has contributed to increasing the economy by increasing production.
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