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     ABSTRACT  

Efficient supply chain management is critical for 

improving the profitability and sustainability of 

agricultural produce in Punjab, India. 

Traditional systems often suffer from 

inefficiencies such as post-harvest losses, poor 

market linkages, and lack of real-time 

information flow. Artificial Intelligence (AI) and 

Internet of Things (IoT) technologies provide 

opportunities to optimize these processes by 

enabling predictive analytics, real-time 

monitoring, and smart decision-making. 

Keywords: Artificial Intelligence, Internet of 

Things, Agriculture, Supply Chain, Punjab, Smart 

Farming. 

 

    INTRODUCTION   

      Agriculture continues to be the backbone of Punjab’s 

economy, contributing significantly to food security 

and rural livelihoods. With over 80% of the state’s 

rural population engaged in farming, agricultural 

productivity directly influences both household 

income and regional economic growth [1]. However, 

Punjab’s agricultural sector faces mounting 

challenges, including unpredictable weather patterns, 

declining soil fertility, inefficient water usage, and 

fragmented supply chains. These issues have resulted 

in reduced crop yields, post-harvest losses, and supply-

demand mismatches that weaken both farmer 

profitability and food system resilience [2].  

      Recent advances in Artificial Intelligence (AI) and the 

Internet of Things (IoT) offer transformative 

opportunities to address these challenges. IoT-enabled 

devices such as soil sensors, weather stations, and 

satellite monitoring systems can generate real-time, 

granular datasets on soil health, climate conditions, 

and crop growth. At the same time, AI techniques, 

including machine learning and deep learning models, 

enable predictive analytics for crop yield forecasting, 

anomaly detection, and resource optimization [3]. 

When combined, AI and IoT can empower farmers and 

stakeholders with actionable insights to make 

evidence-based decisions, thereby reducing 

uncertainty and enhancing agricultural productivity 

[4].  

      Despite this potential, most existing studies and 

implementations in Punjab and similar regions have 

been fragmented—focusing either on yield prediction 

[5] or supply chain optimization [6]. Very few works 

have explored an integrated hybrid framework that 

simultaneously addresses predictive crop yield 

modelling and supply chain efficiency through AI-

IoT convergence. This gap often leads to siloed 

solutions that fail to capture the broader complexity of 

agricultural ecosystems, where yield forecasts must 

directly inform supply chain planning, procurement, 

distribution, and storage.  

       To address these limitations, this paper proposes a 

Hybrid AI-IoT Framework for Predictive Crop 

Yield Modelling and Supply Chain Optimization in 

Punjab. The framework integrates IoT-enabled data 

collection with machine learning models such as 

Random Forest, Linear Regression, and XGBoost 

for yield forecasting. Furthermore, it incorporates 

cloud based storage and computing (AWS S3) to 

ensure scalability, security, and accessibility for 

multiuser environments. A predictive dashboard 

system is also developed, providing stakeholders with 

interactive insights for real-time decision-making on 

crop management and supply chain operations.  

      The objectives of this research are as follows:  

i. To develop a predictive crop yield model leveraging 

IoT-enabled datasets and machine learning algorithms.  
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ii. To integrate cloud-based infrastructure for real-time, 

scalable, and secure agricultural data management.  

iii. To design predictive dashboards that enhance 

transparency and decision-making in the supply chain.  

iv. To demonstrate how the proposed hybrid framework 

reduces uncertainty, minimizes post-harvest losses, 

and strengthens the resilience of Punjab’s agricultural 

sector.  

      The remainder of this paper is organized as follows: 

Section 2 reviews related literature on AI and IoT 

applications in agriculture. Section 3 presents the 

proposed hybrid framework and methodology. Section 

4 details the experimental setup and dataset. Section 5 

discusses the results and findings. Finally, Section 6 

concludes the paper with insights and future 

directions.  

    PROPOSED METHODOLOGY   

      The proposed research introduces a Hybrid AI–IoT 

Framework for Predictive Crop Yield Modelling 

and Supply Chain Optimization in Punjab. The 

methodology is structured into four core components: 

IoT-enabled data collection, data preprocessing and 

integration, AI-driven predictive modelling, and 

cloudbased visualization and storage.  

IoT-Enabled Data Collection     IoT devices, 

including soil sensors, weather stations, and 

satellite imaging systems, generate real-time 

datasets on soil health, temperature, rainfall, and 

crop growth patterns. These granular datasets 

provide the foundational input for predictive 

analytics, ensuring that the system captures both 

synthetic and real agricultural conditions [7].  

Data  Preprocessing and Integration     

Raw datasets are prone to inconsistencies, missing 

values, and outliers. A preprocessing pipeline is 

designed to clean, normalize, and structure data for 

machine learning models. Synthetic datasets 

 (e.g., punjab_crop_data_synthetic.csv)were 

generated where real data was unavailable, 

ensuring sufficient volume for model training and 

validation [8].  

 

AI-Driven Predictive Modelling  

The system leverages Random Forest, Linear 

Regression, and XGBoost algorithms to generate 

accurate crop yield forecasts. Each algorithm is 

trained on processed datasets and evaluated using 

performance metrics such as Mean Absolute Error 

(MAE) and Root Mean Square Error (RMSE). 

Random Forest ensures robustness against noisy 

data, Linear Regression provides interpretability, 

and XGBoost delivers high predictive accuracy on 

complex patterns [9].  

       

Cloud Integration via AWS S3    To ensure 

scalability, security, and accessibility, the 

framework integrates with Amazon Web Services 

(AWS) S3 cloud storage. Cleaned datasets, trained 

models, and prediction results are automatically 

uploaded to an S3 bucket (hybrid-iot-ai-supply-

chain). This cloud integration enables seamless 

collaboration among researchers, farmers, and  

policymakers [10].  

 

Predictive Dashboard for Decision Support   

A real-time interactive dashboard is developed to 

visualize IoT data streams, yield forecasts, and 

supply chain recommendations. Farmers and 

supply chain stakeholders can monitor 

environmental variables, predict crop outcomes, 

and plan procurement and distribution strategies 

accordingly. This enhances resilience against 

supplydemand mismatches and postharvest losses 

[11].  

     RESULTS AND DISCUSSIONS  

Model Perfomance 

The trained models were evaluated using 

Mean Absolute Error (MAE), Root Mean 

Square Error (RMSE), and R² Score. Table 

1 summarizes the performance of Random 

Forest, Linear Regression, and XGBoost on 

the processed Punjab crop dataset.  

 

Model MAE RSME R2 

Regression 7.42 9.18 0.81 

Random Forest 5.36 7.11 0.89 

XGBoost 4.98 6.73 0.91 

 

 

 

 

 

 

 

    

     Table 1. Model Performance Metrics  

      From the results, XGBoost outperformed other 

models, achieving the lowest MAE and RMSE 

values while maintaining the highest R² score. 

This highlights its ability to capture non-linear 

dependencies in agricultural datasets. 

       Predicted vs Actual Yield Trends  

To validate the predictive power of the 

framework, a comparative analysis between 

predicted and actual yields was conducted.  
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Figure 1 illustrates the alignment between 

observed yields and predictions across crop 

cycles.   

      Table 2 illustrates the performance of the 

proposed AI–IoT framework in predicting wheat 

yield in Punjab.  

 

The results show a strong alignment between 

actual and predicted values, with prediction errors 

consistently below 3%. Such performance 

highlights the robustness of the model in capturing 

the influence of temperature, humidity, and 

rainfall on crop productivity. The low error 

margins indicate that the framework can be 

effectively applied to realworld agricultural supply 

chains, where accurate yield forecasting directly 

supports better planning and resource allocation   

Impact on Supply Chain Optimization  

By integrating predictive analytics with IoT-

driven monitoring, the framework reduces 

uncertainty in procurement, storage, and 

distribution planning. For instance, early 

forecasts allow procurement agencies to allocate 

storage facilities efficiently, minimizing post-

harvest losses (up to 15%). Moreover, predictive 

dashboards enhance collaboration between 

farmers, cooperatives, and government agencies, 

ensuring a more resilient agricultural supply 

chain [12]. 

   CONCLUSION AND FUTURE    SCOPE  
       This study presented a hybrid IoT– AI framework 

for optimizing agricultural supply chain 

management in Punjab, with a focus on yield 

prediction and resource efficiency. By integrating 

IoT-enabled climatic data collection with 

advanced machine learning algorithms, the 

framework demonstrated improved predictive 

accuracy, enabling farmers and policymakers to 

make more informed decisions. The Random 

Forest and XGBoost models achieved superior 

performance compared to traditional linear 

approaches, highlighting the importance of 

ensemble learning in agricultural analytics.  

      The proposed system contributes to sustainable 

farming by minimizing input wastage, supporting 

real-time monitoring, and enhancing the resilience 

of supply chains. In particular, the ability to 

integrate continuous sensor data with predictive 

models ensures that the framework can adapt 

dynamically to climatic fluctuations, thereby 

reducing risks for smallholder farmers.  

 

      While the results are promising, future research can 

extend this framework in several directions. First, 

the integration of satellite imagery and remote 

sensing data could further enhance prediction 

accuracy. Second, coupling blockchain with IoT 

and AI would allow for greater transparency and 

traceability in supply chain transactions. Finally, 

pilot deployments in real-world farming clusters 

across Punjab would help validate the framework’s 

scalability and socio-economic benefits.  

 
      In summary, this research demonstrates that 

combining IoT driven sensing with AI-based 

analytics can play a transformative role in 

sustainable agricultural supply chains, offering a 

practical pathway to food security, economic 

resilience, and environmental sustainability.  
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