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ABSTRACT 

Agriculture plays a crucial role in global food security, and accurate crop yield prediction is essential 

for effective planning and resource management. This study proposes an AI-powered crop yield 

prediction and optimization system that leverages machine learning and deep learning techniques to 

analyze diverse agricultural datasets, including soil properties, weather conditions, crop type, 

irrigation patterns, and historical yield data. The model processes large-scale heterogeneous data to 

identify hidden patterns and predict crop productivity with high accuracy. Additionally, the system 

provides optimization strategies by recommending suitable crops, fertilizer usage, and irrigation 

schedules to maximize yield and minimize resource wastage. Advanced algorithms such as 

regression models, neural networks, and ensemble learning methods are utilized to enhance 

prediction performance. The proposed approach supports farmers and agricultural stakeholders in 

making data-driven decisions, improving productivity, and ensuring sustainable farming practices. 

By integrating AI technologies into agriculture, the system aims to reduce uncertainty, increase 

profitability, and contribute to smart farming initiatives. 

Keywords: Crop Yield Prediction, Artificial Intelligence, Machine Learning, Deep Learning, Smart 

Agriculture, Data Analytics, Optimization, Precision Farming, Sustainable Agriculture, Decision 

Support System 

 

I. INTRODUCTION 

mailto:ijesatj@gmail.com
http://www.ijesat.com/


International Journal of Engineering Science and Advanced Technology (IJESAT) 

Vol 26 Issue 05 (May) 2026 
Received: 10-3-2026                                            Accepted: 21-4-2026                                Published: 07-5-2026 

  

 
   

Pg. 908 

2250-3676   

Agriculture is the backbone of many 

developing economies and plays a vital role in 

ensuring food security for the growing global 

population. However, crop production is 

highly dependent on several uncertain factors 

such as weather conditions, soil fertility, 

irrigation availability, pest attacks, and 

farming practices. These uncertainties often 

lead to fluctuations in crop yield, making it 

difficult for farmers to plan effectively and 

maximize productivity. In recent years, 

advancements in Artificial Intelligence (AI) 

and data-driven technologies have opened new 

possibilities for improving agricultural 

efficiency. 

AI-powered crop yield prediction systems 

utilize machine learning and deep learning 

techniques to analyze large volumes of 

agricultural data, including historical yield 

records, meteorological data, soil 

characteristics, and crop management 

practices. By identifying hidden patterns 

within this data, these systems can accurately 

predict future crop yields and provide valuable 

insights for decision-making. 

II. LITERATURE REVIEW 

Recent research in crop yield prediction has 

increasingly focused on the application of 

Artificial Intelligence (AI), Machine Learning 

(ML), and Deep Learning (DL) techniques to 

improve agricultural productivity and 

decision-making. Traditional statistical 

methods have been found insufficient for 

handling the complex and nonlinear 

relationships between agricultural factors such 

as soil properties, weather conditions, 

irrigation patterns, and crop management 

practices. Therefore, data-driven models have 

become the preferred approach in modern 

agriculture. 

According to Klompenburg et al. [1], machine 

learning models are widely used as decision 

support tools for predicting crop yield by 

analyzing environmental and agronomic 

variables such as rainfall, temperature, soil 

type, and fertilizer usage. Their study 

highlights that neural networks and ensemble 

learning methods provide higher prediction 

accuracy compared to conventional regression 

techniques. Similarly, Shah et al. [2] 

emphasize that deep learning models, 

particularly Convolutional Neural Networks 

(CNN) and Recurrent Neural Networks 

(RNN), are effective in capturing spatial and 

temporal patterns in agricultural data. 

Further, Morshed et al. [3] conducted a 

systematic review and found that Random 

Forest (RF), Support Vector Machine (SVM), 

and Gradient Boosting algorithms are 

commonly used due to their robustness and 

ability to handle large datasets. These models 

perform well in predicting yield variations 

across different crops and geographical 
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regions. In addition, Jabed et al. [4] discuss 

that integrating satellite imagery and remote 

sensing data with machine learning 

significantly improves prediction accuracy by 

providing real-time vegetation and 

environmental insights. 

Recent studies by Pathak et al. [5] show that 

hybrid models combining multiple ML 

algorithms outperform single models in terms 

of accuracy and reliability. The integration of 

weather forecasting systems and IoT-based 

sensor data further enhances predictive 

capabilities. Moreover, Zahra et al. [6] 

highlight that AI-based agricultural systems 

contribute to sustainable farming by 

optimizing resource usage and minimizing 

environmental impact. 

III. EXISTING SYSTEM 

The existing systems for crop yield prediction 

mainly rely on traditional statistical methods 

and basic machine learning techniques that use 

historical agricultural data. These approaches 

typically include linear regression, multiple 

regression analysis, and simple time-series 

forecasting models. While these methods are 

easy to implement, they are limited in their 

ability to handle complex, non-linear 

relationships between various agricultural 

factors such as weather conditions, soil 

nutrients, irrigation patterns, and pest 

occurrences. 

In many conventional systems, predictions are 

made based on a small set of parameters, often 

ignoring real-time environmental variations. 

As a result, the accuracy of crop yield 

estimation is relatively low, especially when 

dealing with large-scale or heterogeneous 

datasets. Farmers and agricultural planners 

often depend on manual observation and 

experience-based decision-making, which can 

lead to inconsistent and less reliable outcomes. 

Some existing systems have adopted basic 

machine learning algorithms such as Support 

Vector Machines (SVM), K-Nearest 

Neighbors (KNN), and Decision Trees. 

However, these models often require extensive 

feature engineering and may not perform well 

when applied to dynamic agricultural 

environments. Additionally, most traditional 

systems do not integrate real-time data sources 

such as weather forecasts, satellite imagery, or 

IoT sensor data, which limits their predictive 

capabilities. 

 

IV. PROPOSED SYSTEM 

The proposed system introduces an AI-

powered crop yield prediction and 

optimization framework that leverages 

advanced machine learning and deep learning 

techniques to improve agricultural 

productivity and decision-making. Unlike 

traditional approaches, the system integrates 

mailto:ijesatj@gmail.com
http://www.ijesat.com/


International Journal of Engineering Science and Advanced Technology (IJESAT) 

Vol 26 Issue 05 (May) 2026 
Received: 10-3-2026                                            Accepted: 21-4-2026                                Published: 07-5-2026 

  

 
   

Pg. 910 

2250-3676   

multiple data sources such as soil 

characteristics, weather data, historical yield 

records, irrigation details, and crop 

management practices to generate highly 

accurate predictions. 

The system employs advanced algorithms 

such as Random Forest, Gradient Boosting, 

and Deep Neural Networks to analyze 

complex and nonlinear relationships between 

agricultural variables. These models are 

trained on large-scale datasets to identify 

hidden patterns and provide precise yield 

predictions for different crops and regions. In 

addition, the system incorporates real-time 

data inputs from weather APIs and IoT-based 

sensors to enhance prediction accuracy and 

adaptability. 

A key feature of the proposed system is 

optimization, which goes beyond prediction. It 

provides intelligent recommendations to 

farmers regarding the most suitable crop 

selection, optimal fertilizer dosage, irrigation 

scheduling, and soil management practices. 

This helps in maximizing crop yield while 

minimizing resource wastage and 

environmental impact. 

V. METHODOLOGY 

The methodology of the proposed AI-powered 

crop yield prediction and optimization system 

involves a structured workflow that includes 

data collection, preprocessing, model 

development, training, prediction, and 

optimization. The system is designed to 

process heterogeneous agricultural datasets 

and generate accurate and meaningful outputs 

for decision-making. 

Initially, data is collected from multiple 

sources such as agricultural databases, weather 

APIs, soil testing reports, IoT sensors, and 

historical crop yield records. The dataset 

includes features like temperature, rainfall, 

humidity, soil type, pH level, fertilizer usage, 

and irrigation patterns. This diverse data helps 

in capturing the complex factors influencing 

crop productivity. 

In the data preprocessing stage, missing values 

are handled, noisy data is removed, and 

inconsistent records are corrected. Feature 

scaling and normalization techniques are 

applied to ensure uniformity in the dataset. 

Important features are selected using feature 

selection techniques to improve model 

efficiency and reduce computational 

complexity. 

Next, the processed data is split into training 

and testing sets. Machine learning models 

such as Random Forest, Support Vector 

Machine (SVM), and Gradient Boosting, 

along with deep learning models like Artificial 

Neural Networks (ANN), are trained using the 

training dataset. These models learn the 

relationship between input features and crop 

yield output. 
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VI. SYSTEM MODEL 

System Architecture 

 

VII. RESULTS AND DISCUSSIONS 

 

 

 

 

 

 

VIII. CONCLUSION 

The AI-powered crop yield prediction and 

optimization system provides an effective and 

intelligent approach to improving agricultural 

productivity through data-driven decision-

making. By integrating machine learning and 

deep learning techniques, the system is 

capable of accurately analyzing complex 

agricultural datasets and predicting crop yield 

with higher precision compared to traditional 

methods. The inclusion of multiple factors 

such as soil conditions, weather patterns, 

irrigation data, and historical yield records 

enhances the reliability of the predictions. 
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IX. FUTURE WORK: 

The future enhancement of the AI-powered 

crop yield prediction and optimization system 

can focus on improving accuracy, scalability, 

and real-time decision-making capabilities. 

One of the key improvements is the 

integration of advanced deep learning 

architectures such as Long Short-Term 

Memory (LSTM) networks and Transformer 

models to better capture temporal 

dependencies in weather and crop growth data. 

The system can also be extended by 

incorporating more real-time data sources, 

including drone-based imaging, satellite 

remote sensing, and advanced IoT sensor 

networks. This would enable continuous 

monitoring of crop health, soil conditions, and 

environmental changes, leading to more 

precise and dynamic predictions. 
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