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Abstract: Agriculture remains vital for food security 

and economic stability, yet farmers face challenges like 

unpredictable weather, soil degradation, and plant 

diseases. This project introduces an intelligent system 

leveraging Machine Learning (ML) to enhance 

decision-making in crop selection and disease 

detection. By collecting real-time data on temperature, 

humidity, soil pH, and moisture, ML algorithms 

predict optimal crops for specific regions and seasons, 

promoting sustainable practices and resource 

optimization. For disease management, the system 

employs an ESP32CAM module to capture plant 

images, which are analyzed using a Convolutional 

Neural Network (CNN) trained on extensive datasets 

to accurately identify diseases and recommend 

treatments. This dual approach empowers farmers 

with timely, data-driven insights, reducing manual 

efforts and minimizing crop losses. Integrating these 

technologies fosters sustainable agriculture, enhances 

productivity, and supports rural livelihoods by 

providing accessible tools for informed decision-

making. 

 

I. INTRODUCTION 

 

Agriculture has long served as the foundation of 

human society, underpinning the development of 

civilizations, supplying essential resources for 

survival and economic growth. Despite 

technological advancements, farmers still confront 

challenges like unpredictable weather, soil 

degradation, water scarcity, pest infestations, and 

plant diseases. These issues hinder productivity and 

sustainability, especially for smallholder farmers 

who often lack access to advanced tools and 

technologies. 

 

Smallholder farmers, constituting a significant 

portion of the global agricultural workforce, face 

difficulties in crop selection and disease 

management due to limited access to modern 

technologies. This situation is exacerbated by the 

increasing global population, projected to surpass 9 

billion by 2050, necessitating a substantial rise in 

food production to ensure global food security. 

Climate change intensifies agricultural challenges 

by increasing weather unpredictability and the risk 

of disease outbreaks. Traditional reliance on 

historical knowledge is insufficient to maintain high 

productivity levels under these evolving threats. 

Moreover, conventional methods for identifying 

plant-related issues are often manual, time-

consuming, and reactive, leading to delayed 

interventions and significant crop losses. The advent 

of the Internet of Things (IoT) and Machine 

Learning (ML) offers transformative solutions to 

these challenges. IoT sensors enable real-time 

monitoring of environmental factors like 

temperature, humidity, soil pH, and moisture. 

Concurrently, ML algorithms analyze vast datasets 

to identify patterns and predict outcomes, 

facilitating informed decision-making in agriculture. 

 

Integrating real-time sensor data with predictive 

modeling allows for optimal crop recommendations 

tailored to specific seasons and regions. This 

approach ensures decisions are informed by both 

historical trends and current data. Additionally, 

Computer Vision technologies, particularly 

Convolutional Neural Networks (CNNs), enhance 

disease detection by accurately classifying plant 

diseases from images, enabling immediate diagnosis 

and treatment suggestions. Combining ML-based 

crop prediction with CNN-driven disease detection 

creates a comprehensive system addressing multiple 

agricultural challenges. This integration enhances 

efficiency and accuracy in farming operations, 

providing resilience against climate variability and 

environmental threats. Ultimately, such 

technological advancements empower farmers, 

improve productivity, and contribute to sustainable 

agricultural practices. 

 

II. LITERATURE SURVEY 

 

Mohanty, Hughes, and Salathé (2016) developed a 

deep learning model utilizing Convolutional Neural 

Networks (CNNs) to detect plant diseases from leaf 
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images. They trained the model on a dataset 

comprising over 50,000 labeled images of healthy 

and diseased leaves across various plant species. 

The model achieved a high classification accuracy 

of 99.35%, demonstrating its potential for scalable 

and reliable automated disease detection in 

agriculture. 

 

Nandhini, Senthilkumar, and Kaviya (2019) 

proposed an IoT-enabled agricultural monitoring 

system that collects real-time environmental 

parameters such as soil moisture, temperature, and 

humidity. The collected data is processed using 

supervised machine learning algorithms to predict 

suitable crops for the measured conditions. 

 

Singh and Chawla (2020) focused on integrating 

environmental data collected from sensors with 

machine learning algorithms for precision 

agriculture. They employed Decision Tree-based 

models to predict crops suited to real-time 

temperature, rainfall, and soil health values. 

Additionally, the system monitored irrigation 

requirements, optimizing water usage for 

sustainable farming. 

 

John and Delphine (2018) presented a hybrid 

ensemble framework that integrates Gradient 

Boosting Machines, Random Forest, and k-Nearest 

Neighbors to predict pest infestations and plant 

diseases. This ensemble approach outperformed 

individual classifiers in precision and recall, offering 

actionable pesticide recommendations and 

promoting sustainable crop management practices. 

 

III. METHODOLOGY 

 

Existing System: 

Traditional agricultural practices, still prevalent in 

many regions, are increasingly inadequate in 

addressing modern challenges such as climate 

change, erratic weather patterns, soil degradation, 

and the rising incidence of plant diseases. Farmers 

often rely on age-old experience and manual 

inspections, which are insufficient for adapting to 

rapidly changing environmental conditions. This 

reliance leads to suboptimal crop selection and 

delayed disease detection, ultimately reducing yields 

and sustainability. 

 

Moreover, existing systems lack integration of 

predictive analytics and real-time data, leaving 

farmers to interpret fragmented information from 

basic tools like soil pH kits and thermometers. The 

absence of automated solutions and advanced 

technologies such as Machine Learning and 

Computer Vision further hampers efficient decision-

making and disease management. Consequently, 

agricultural productivity and sustainability are 

compromised. 

 

Proposed System: 

The proposed system addresses inefficiencies in 

agriculture by integrating Machine Learning (ML), 

real-time sensor technologies, and advanced 

Computer Vision. It utilizes environmental sensors 

to monitor parameters like temperature, humidity, 

soil pH, and moisture. This data feeds into ML 

models that predict optimal crop types and expected 

yields, offering farmers actionable recommendations 

tailored to current conditions. For disease detection, 

an ESP32-CAM module captures plant images, 

which are analyzed by a Convolutional Neural 

Network (CNN) trained on agricultural datasets. 

This setup enables early disease diagnosis and 

treatment suggestions, enhancing crop health 

management.  

 

The system's integration of ML-driven yield 

prediction and CNN-based disease detection 

provides a unified platform for precision agriculture. 

Its use of affordable components like the ESP32-

CAM ensures accessibility for rural communities. 

The user-friendly interface presents insights in a 

digestible format, aiding farmers with limited 

technical knowledge. By continuously adapting to 

environmental data, the system promotes sustainable 

farming practices, optimizing resource use and 

contributing to food security and economic stability. 

 

System Components: 

Hardware: 

 PH Sensor 

 DHT11 Sensor 

 MQ1135 Gas Sensor 

 NODE MCU (ESP 32) 

 LCD Display 

Software: 

 Python 

 

Algorithm: 

1: Initialize sensors and the ESP32CAM module.   

2: Collect data: Capture environmental parameters. 

    Take photo graphs of plants.   
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3: Preprocess data for ML and CNN models.   

4: Feed sensor data into the ML model for crop           

prediction.   

5: Predict the best crop and yield based on sensor 

data.   

6: Send plant images to the CNN model for disease        

classification.   

7: Return results to the farmer:   

Crop suitability recommendations.   

Disease diagnosis and treatment suggestions.   

8: Continuously monitor in real time to update 

recommendations. 

 

Workflow: 

The workflow is illustrated below:   

1. Sensors and ESP32CAM modules collect data.   

2. Collected data is sent to a central server or 

intelligent edge system.   

3. Preprocessed data is analyzed by specialized ML 

models (crop prediction) and CNNs (disease 

detection).   

4. Results and actionable recommendations are sent 

back to the user via a user interface.   

This closedloop, automated system ensures farmers 

receive timely and relevant advice to maximize 

yield and reduce losses while minimizing effort. 

 
Figure 1: Block Diagram 

 

IV. SYSTEM ARCHITECTURE AND WORKING 

 

The proposed intelligent agricultural system 

integrates hardware and software components to 

facilitate crop selection and plant disease detection. 

It leverages real-time environmental data from IoT 

sensors and plant imagery analyzed through 

Convolutional Neural Networks (CNNs). The 

architecture comprises the following components: 

1. IoT Sensors for Environmental Data Collection: 

Sensors measure temperature, humidity, soil pH, 

and soil moisture, providing real-time data for crop 

prediction. An Arduino or similar microcontroller 

manages data collection, transmitting it via Wi-Fi to 

an ML model hosted on a cloud server or local 

computer. 

2. ESP32-CAM Module for Image Capture: The 

ESP32-CAM module captures high-resolution plant 

images in the field. These images are wirelessly sent 

to a processing unit for disease detection. 

3. Machine Learning Model for Crop Prediction: A 

predictive ML model, such as Random Forest or 

XGBoost, is trained on historical soil, weather, and 

crop yield data to recommend suitable crops based 

on current environmental inputs.  

4. Convolutional Neural Network (CNN) for 

Disease Detection: A pre trained CNN model (e.g., 

VGG16, ResNet, or a custom architecture) is fine-

tuned with labeled datasets of plant images. It 

processes images from the ESP32-CAM to identify 

and classify plant diseases, providing detailed 

treatment suggestions. 

5. User Interface and Notification System: A web-

based dashboard or mobile application displays real-

time crop recommendations and disease diagnostics. 

Farmers receive actionable insights and treatment 

options, with alerts (via SMS or app notifications) 

for critical actions like irrigation needs or disease 

outbreaks. 

 

Working Mechanism 

1. Data Acquisition: IoT sensors measure 

environmental parameters in real-time and send 

the data to a microcontroller (e.g., Arduino or 

ESP32 MCU). Simultaneously, the ESP32-

CAM captures images of crops in the field, 

transferring them via Wi-Fi to a server or 

computer for processing. 

2. Data Preprocessing: Environmental sensor data 

undergoes preprocessing to handle missing 

values, normalize readings, and prepare it as 

input for the ML model. 

3. Crop Prediction Process: Preprocessed 

environmental data is fed into the ML-based 

crop prediction model. 

4. Disease Detection Process: Captured images are 

processed by the CNN model, which extracts 

critical features and classifies them into 

predefined disease categories or as "Healthy." 

The system retrieves treatment options mapped 

to the identified disease and provides actionable 

recommendations to the farmer. 

5. Result Display: Results from both components 

(crop prediction and disease detection) are 

displayed on an interactive dashboard or mobile 

app interface. Farmers can view optimal crops 
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to plant based on environmental conditions and 

receive instant notifications about detected 

diseases and treatment suggestions. 

6. Feedback Loop and Continuous Learning: The 

system integrates a feedback mechanism where 

farmers can validate predictions and 

corrections, further improving the ML and 

CNN models over time. 

 
Figure 2: Live ThingSpeak Data 

 

V.  CONCLUSION AND FUTURE WORK 

 

The proposed Machine Learning based system for 

crop prediction and plant disease detection is an 

innovative solution designed to address the pressing 

challenges of modern agriculture. By combining IoT 

sensors, real time environmental data analysis, and 

advanced machine learning techniques, the system 

empowers farmers to make more informed 

decisions, significantly mitigating risks associated 

with uncertainties in weather, soil health, and 

disease outbreaks. The integration of the 

ESP32CAM module extends the solution to include 

automated disease detection using CNNs, providing 

instant diagnosis and treatment recommendations 

with minimal manual intervention.  

 

The intelligent agricultural system described above 

has tremendous potential for further enhancement. 

Future work can focus on broadening its scope to 

handle additional parameters such as nutrient 

deficiency detection and weed management. 

Satellite imagery integration can provide macrolevel 

insights into pest/disease outbreaks, facilitating 

proactive measures. Moreover, advancements in 

NLP (Natural Language Processing) could enable 

multilingual voicecapable interfaces, improving 

accessibility for farmers in rural areas. By enabling 

AI powered autonomous farming (e.g., automated 

irrigation and fertilization via smart devices), this 

platform can become an integral part of precision 

agriculture, paving the way for a more intelligent 

and automated future in farming.  

 

REFERENCES 

[1] S. Sankaran, A. Mishra, R. Ehsani, and C. 

Davis, "A review of advanced techniques for 

detecting plant diseases," Computers and 

Electronics in Agriculture, vol. 72, no. 1, pp. 

1–13, Jun. 2010, doi: 

10.1016/j.compag.2010.02.007.  

[2] M. Kamilaris and F. X. PrenafetaBoldú, 

"Deep learning in agriculture: A survey," 

Computers and Electronics in Agriculture, 

vol. 147, pp. 70–90, Apr. 2018, doi: 

10.1016/j.compag.2018.02.016.  

[3] P. Revathi and M. Hemalatha, "Advance 

computing enrichment evaluation of cotton 

leaf spot disease detection using Image Edge 

detection," in 2012 Third International 

Conference on Computing Communication & 

Networking Technologies (ICCCNT), 

Coimbatore, India, 2012, pp. 1–5, doi: 

10.1109/ICCCNT.2012.6396004.  

[4] R. Pant and K. D. Ahirwar, "Recent trends in 

IoTbased agriculture: A survey," in 2018 

International Conference on Communication 

and Signal Processing (ICCSP), Chennai, 

India, 2018, pp. 0606–0610, doi: 

10.1109/ICCSP.2018.8524261.  

[5] I. Goodfellow, Y. Bengio, and A. Courville, 

Deep Learning. Cambridge, MA, USA: MIT 

Press, 2016. [Online].  

[6] M. G. Herin, V. H. Rajasekaran, A. A. 

Sujeeth, and A. Thangarajan, "A smart 

agricultural model using IoT and deep neural 

networks," in 2018 2nd International 

Conference on ISMAC (IoT in Social, 

Mobile, Analytics, and Cloud) (ISMAC), 

Palladam, India, 2018, pp. 228–232, doi: 

10.1109/ISMAC.2018.8653723.  

[7] R. D. Chaudhary, L. W. Jadhav, and P. L. 

More, "Plant disease detection using 

convolutional neural networks," in 2020 

International Conference on Emerging Trends 

in Communication, Control and 

Computing(ICONC3), 

10.1109/ICONC345789.2020.07347. 

Lakshmangarh, India, 2020, pp. 15, doi: 

[8] S. Abdul, H. Romlie, M. Danish, M. Korauš, 

and M. Behjati, "IoT based automation in 

smart agriculture," Smart Automation and 

Artificial Intelligence, vol. 5, no. 2, pp. 45–54, 

June 2021, doi: 10.1016/j.smarai.2021.03015. 

Data,"  

[9] T. Al Shebli, M. Krichen, and H. Ghazzai, 

"Role of AI and IoT in Crop Yield Prediction 



© April 2025 | IJIRT | Volume 11 Issue 11 | ISSN: 2349-6002 

IJIRT 176056   INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY      4784 

Using Sensor in IEEE Access, vol. 9, pp. 

142184142197, Nov. 2021, doi: 

10.1109/ACCESS.2021.3120558.  

[10] M. Mohanty, D. P. Hughes, and M. Salathé, 

"Using deep learning for imagebased plant 

disease detection," Frontiers in Plant Science, 

vol.7, p.1419, Sep. 2016, 

10.3389/fpls.2016.01419. 

 

 


