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 ABSTRACT  

Agriculture plays a crucial role in India’s economy, and crop diseases remain a major challenge affecting productivity 

and farmers’ income. Traditional disease detection methods rely heavily on manual observation, which is time-

consuming, subjective, and ineffective for large-scale farming. This project presents an IoT based crop disease detection 

system that integrates environmental sensor data with image-based analysis to enable early and accurate identification 

of crop diseases. IoT sensors are deployed in agricultural fields to continuously monitor key parameters such as 

temperature, humidity, soil moisture, and soil pH, which significantly influence crop health and disease development. 

In addition, images of crop leaves are captured and processed using image processing techniques including 

preprocessing, segmentation, and feature extraction. Machine learning and deep learning algorithms such as Support 

Vector Machine, K-Nearest Neighbour, Random Forest, and Convolutional Neural Networks are utilized for disease 

classification, with CNN models demonstrating higher accuracy in identifying complex disease patterns. The proposed 

system supports real-time monitoring and early diagnosis, allowing farmers to take timely preventive measures. By 

reducing dependency on manual inspection and minimizing excessive pesticide usage, the system promotes smart and 

sustainable agricultural practices. The study highlights the potential of integrating IoT and machine learning 

technologies to improve crop yield, reduce losses, and enhance decision making in modern agriculture.  
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1.INTRODUCTION  

Farming remains the backbone of food production, yet plant health issues continue to pose serious challenges to 

agricultural sustainability. Diseases affecting crops often spread rapidly and remain unnoticed until visible damage 

occurs, leading to reduced output and economic loss for farmers. Conventional approaches for identifying such problems 

largely depend on visual inspection and expert knowledge, which are not always practical or accurate, especially across 

large cultivation areas. Recent advancements in digital technologies have opened new possibilities for improving 

agricultural monitoring systems. With the rapid development of Internet of Things (IoT) technology, agriculture is 

transforming into smart farming. IoT enables continuous monitoring of environmental conditions, while image 

processing techniques help in identifying disease symptoms from crop images. Integrating these technologies provides 

an efficient and automated solution for crop disease detection. This paper explores a technology-driven approach that 

brings together sensing devices and intelligent data analysis to support healthier crop management. The proposed 

framework aims to assist farmers with timely insights, improve overall farm productivity, and encourage resource-

efficient practices in modern agriculture.  

2.LITERATURE REVIEW  

Crop disease detection using advanced technologies has gained significant attention in recent years due to its potential 

to improve agricultural productivity. Mohanty et al. [1] demonstrated that deep learning techniques, particularly 

convolutional neural networks (CNNs), can accurately identify plant diseases using leaf images. Their study proved that 

automated image-based diagnosis outperforms traditional visual inspection methods.  

Kamilaris and Prenafeta-Boldú [2] presented a comprehensive survey on the application of deep learning in agriculture. 

The authors highlighted that CNN based models are widely used for plant disease identification, yield estimation, and 
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smart farming, showing strong performance across various crops. Barbedo [3] discussed the major challenges in plant 

disease detection using digital images and emphasized the importance of preprocessing steps such as segmentation and 

background removal to improve classification accuracy.  

Prasad et al. [4] developed an IoT-based smart agriculture system that monitors environmental parameters like 

temperature, humidity, and soil moisture. Their work showed that sensor-based monitoring helps farmers make informed 

decisions related to crop health. Singh and Misra [5] compared machine learning techniques such as Support Vector 

Machine and K-Nearest Neighbour and concluded that effective feature extraction significantly enhances disease 

detection accuracy.  

Ferentinos [6] demonstrated the effectiveness of deep learning models across multiple crops and disease categories, 

achieving high classification accuracy. Picon et al. [7] proposed a real-time CNN-based disease detection system 

suitable for mobile devices, making disease diagnosis more accessible to farmers. Too et al. [8] evaluated various deep 

learning architectures, including VGG, ResNet, and DenseNet, and reported superior performance of deep CNN models.  

Patil and Kumar [9] focused on image processing advancements for plant disease detection and emphasized the role of 

feature extraction and classification techniques. Ramesh et al. [10] presented an IoT-enabled framework integrating 

cloud computing and machine learning for real-time crop disease monitoring. Sladojevic et al. [11] showed that deep 

neural networks can effectively classify plant diseases using leaf images. Jain and Saini [12] proposed an intelligent 

crop monitoring system using IoT and machine learning to enhance decision-making and farm management.  

Overall, the reviewed studies indicate that integrating IoT sensor data with image processing and machine learning 

techniques significantly improves the accuracy, reliability, and efficiency of crop disease detection systems.  

3.RESEARCH DESIGN  

The proposed IoT-based crop disease detection system is designed by integrating sensor-based environmental 

monitoring with image-based disease identification. The research design focuses on developing an automated, reliable, 

and scalable framework that supports real-time monitoring and early detection of crop diseases. The system architecture 

is divided into two main modules: sensor-based monitoring and image-based disease detection.  

3.1 Sensor Module  

Sensors used in the system include:  

• Temperature sensor  

• Humidity sensor  

• Soil moisture sensor  

• Soil pH sensor  

These sensors continuously collect environmental data from the field.  

3.2 Image Acquisition Module  

The image acquisition module focuses on capturing visual information related to crop health. Images of crop leaves are 

collected using cameras or mobile devices and uploaded to the system for further analysis. These images serve as the 

primary input for disease identification. Proper image acquisition ensures that visible symptoms such as discoloration, 

spots, or texture changes are accurately captured for effective analysis.  
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3.3 Data Transmission and Cloud Storage  

The collected sensor data and leaf images are transmitted to a cloud-based platform using wireless communication 

technologies such as Wi-Fi or GSM. The cloud platform provides secure storage and enables centralized data 

management. Storing data in the cloud allows scalability, remote access, and efficient processing of large datasets and 

accessed through a web or mobile application for farmers.  

3.4 Data Processing and Analysis  

The data processing module analyses both sensor readings and image data. Sensor data is evaluated to identify 

environmental conditions that may contribute to disease development. Image data undergoes preprocessing, 

segmentation, and feature extraction, followed by classification using machine learning and deep learning algorithms. 

This combined analysis improves the reliability and accuracy of disease detection.  

3.5 User Interface and Alert System  

A user-friendly web or mobile application is provided to farmers for monitoring crop conditions. The interface displays 

real-time sensor values, disease detection results, and warning alerts. Early notifications help farmers take timely 

preventive or corrective actions, thereby reducing crop loss and improving yield.  

4. IMAGE PROCESSING AND MACHINE LEARNING  

Image processing and machine learning techniques play a key role in identifying crop diseases by analysing visual 

symptoms present on plant leaves. These techniques enable automated detection and classification of diseases with 

higher accuracy compared to manual observation. The proposed system applies a series of image processing steps 

followed by machine learning–based classification to identify diseased crops effectively  

4.1 Image Processing Steps  

• Image acquisition  

• Preprocessing (noise removal, resizing)  

• Segmentation  

• Feature extraction  

4.2 Image Processing Techniques  

Let the input leaf image be represented as:  

                                              I(x,y)  

where x and y denote the spatial coordinates of the image.  

Preprocessing is performed to remove noise and normalize the image. A filtered image If(x,y) can be expressed as:  

                                             If (x,y)=I(x,y) H(x,y)  

where H(x,y) represents a smoothing filter such as a Gaussian filter.  

Segmentation separates the leaf region or infected area from the background. Using thresholding, segmentation can be 

defined as:  

                                                S(x,y)= {1, if If (x,y) ≥T  
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                                                              {0, Otherwise    

where T is the threshold value.  

Feature extraction involves computing features such as color, texture, and shape. A feature vector is defined as:  

                                          F={f1,f2,f3,…,fn}  

where each fi represents an extracted feature.  

4.3 Machine Learning Techniques  

The following algorithms are used for disease classification:  

• Support Vector Machine (SVM)  

• K-Nearest Neighbor (KNN)  

• Random Forest  

• Convolutional Neural Networks (CNN)  

CNN models provide higher accuracy for complex disease patterns.  

4.4 Machine Learning and Deep Learning Methods  

The extracted feature vector FFF is given as input to machine learning classifiers. The classifier function can be 

represented as:  

                                                      C=g(F)  

where C denotes the predicted disease class and ggg is the classification model such as SVM, KNN, or Random Forest.  

For deep learning, Convolutional Neural Networks (CNN) learn features automatically from images. The convolution 

operation is given by:  

                                                          Y=I∗K+b  

where KKK is the convolution kernel and b is the bias term.  

The final output is obtained using a softmax function:  

                                   𝑃(𝑐𝑖)= ∑ 𝑛𝑗=𝑒1𝑧𝑖
𝑒𝑧𝑗  

where P(ci ) represents the probability of class i.  

4.5 Pseudo Algorithm for Crop Disease Detection  

 Algorithm: IoT-Based Crop Disease Detection  

1. Start  

2. Collect environmental data using IoT sensors  
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3. Capture crop leaf image  

4. Perform image preprocessing (noise removal, resizing)  

5. Segment leaf and infected regions  

6. Extract image features  

7. Apply machine learning / CNN model  

8. Classify leaf as healthy or diseased  

9. Generate alert if disease is detected  

10. Display results on user interface  

11. Stop  

5. DATA COLLECTION  

The present study is based on secondary data collection, as it is a survey and review paper. Data has been collected 

from various reliable and authenticated sources to understand existing research on IoT-based crop disease detection 

using sensor and image data.   

                        

Figure:5.1 Flowchart representing the secondary data collection process 

The collected literature provides detailed information about sensor technologies, image processing techniques, machine 

learning algorithms, and system architectures used in crop disease detection systems. These secondary sources help in 

understanding current trends, challenges, and research gaps in the field.  
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6. DATA ANALYSIS  

The collected data from various research studies is analysed using qualitative and comparative analysis methods.  

            

Table 6.1 Types of Analysis 

Qualitative Analysis  

Qualitative analysis is used to study the concepts, methodologies, and frameworks proposed by different researchers. 

This includes analyzing:  

• Types of IoT sensors used for monitoring crop health  

• Image processing techniques applied for disease detection  

• Machine learning and deep learning models used for classification  

• Advantages and limitations of existing systems  

Comparative Analysis  

Comparative analysis is performed to compare different research approaches based on:  

• Accuracy of disease detection  

• Type of data used (sensor data, image data, or both)  

• Algorithms and tools implemented  

• System performance and scalability  

Content Analysis  

Content analysis is used to identify common patterns and trends across the reviewed studies. This method helps in:  

• Identifying frequently used technologies  

• Understanding best practices in smart agriculture  

• Highlighting gaps for future research  

Through these analysis methods, the study evaluates the effectiveness of IoT-based crop disease detection systems and 

highlights the benefits of integrating sensor and image data. 
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Table 6.2 Comparison of traditional and IOT based disease detection methods 

7.FINDINGS AND SUGGESTIONS  

The proposed system successfully detects crop diseases at an early stage. Sensor data helps identify environmental 

conditions favourable for disease growth, while image analysis confirms the presence of disease symptoms. The system 

reduces dependency on manual inspection and improves decision-making.  

  

    
Figure 7.1: IoT-Based Crop Disease Detection System Architecture 

  

            
Figure 7.2: Workflow of Crop Disease Detection 
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Table 7.3: Crop Diseases and Symptoms 

SUGGESTIONS  

  

Table 7.4: Sensors used in Crop Disease Detection 

8.FUTURE ENHANCEMENTS  

• Integration with drones for large farms  

• Multi-crop disease detection  

• Advanced deep learning models  

• Automated fertilizer and pesticide recommendation  

9.CONCLUSION  

This review paper examined various studies related to IoT-based crop disease detection using sensor and image data. 

Crop diseases continue to be a major challenge in agriculture, causing significant losses in yield and quality. Traditional 

disease detection methods are often time-consuming and ineffective, especially for large-scale farming. The study 

highlights that IoT sensors play an important role in continuously monitoring environmental parameters such as 

temperature, humidity, soil moisture, and pH, which directly influence crop health. Image processing and machine 

learning techniques, particularly deep learning models, enable accurate identification of disease symptoms from crop 

leaf images. The integration of sensor data with image-based analysis improves the reliability and accuracy of disease 

detection systems. The review also reveals that IoT-based crop disease detection systems support early diagnosis, real-
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time monitoring, and timely decision-making for farmers. Such systems help reduce crop loss, minimize excessive 

pesticide usage, and promote smart and sustainable agricultural practices. Overall, the study concludes that IoT-enabled 

disease detection systems have significant potential to transform traditional agriculture into intelligent farming, thereby 

improving productivity and ensuring food security.  
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