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ABSTRACT 

Late deliveries are a major challenge in supply chain management, leading to customer 

dissatisfaction and increased operational costs. This project proposes a machine learning-based 

system to predict the risk of late deliveries using order and shipment operational features. The 

system analyzes historical logistics data, including order details, shipping modes, processing 

time, and external factors such as weather and traffic conditions. 

By applying classification algorithms, the system identifies patterns associated with delayed 

deliveries and generates risk predictions in advance. This enables logistics managers to take 

proactive measures such as route optimization, priority handling, and better resource allocation. 

The proposed system improves delivery efficiency, enhances customer satisfaction, and reduces 

financial losses. It provides a scalable and data-driven solution for modern logistics operations. 

 

Timely delivery is a critical factor in modern logistics and supply chain systems. However, 

uncertainties in operations often lead to delays, affecting customer satisfaction and business 

performance. This project presents a predictive model for identifying late delivery risks using 

order and shipment operational features. The system leverages historical data, including order 

processing time, shipping methods, distance, and carrier efficiency. 

Machine learning algorithms are applied to classify deliveries as on-time or delayed. The model 

is trained and evaluated using performance metrics such as accuracy and recall to ensure 

reliability. The system provides real-time risk predictions, enabling logistics managers to take 

preventive actions. This approach enhances operational efficiency, reduces delays, and supports 

data-driven decision-making in logistics management. 

In the growing field of e-commerce and transportation, late deliveries remain a significant 

challenge. This project proposes a machine learning-based approach to predict delivery delays 
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using shipment and order-related data. The system integrates multiple operational features such 

as order priority, shipment mode, warehouse handling time, and external conditions.
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I INTRODUCTION 

In today’s fast-paced e-commerce and logistics environment, timely delivery plays a crucial 

role in customer satisfaction and business success. However, late deliveries are common due 

to various operational and environmental factors. Traditional logistics systems lack predictive 

capabilities and rely heavily on manual monitoring. 

With the advancement of machine learning, it is now possible to analyze large volumes of 

logistics data and predict delivery outcomes. This project focuses on developing a predictive 

model that uses order and shipment features to identify potential delays before they occur. By 

leveraging data-driven insights, the system transforms traditional logistics into an intelligent 

and proactive system. 

In recent years, the rapid growth of e-commerce and global supply chains has made timely 

delivery a key performance indicator for businesses. Customers expect fast and reliable 

shipping, and even minor delays can lead to dissatisfaction and loss of trust. However, 

delivery operations are influenced by various unpredictable factors such as traffic congestion, 

weather conditions, and warehouse inefficiencies. 

Traditional logistics systems mainly focus on tracking shipments rather than predicting 

potential delays. This limitation results in reactive decision-making, where actions are taken 

only after delays occur. To overcome this challenge, there is a need for intelligent systems 

that can forecast delivery risks in advance. 

This project aims to develop a machine learning-based system that predicts late delivery risks 

using order and shipment operational features. By analyzing historical data and identifying 

patterns, the system enables proactive logistics management and improves overall delivery 

performance. 

Efficient delivery management is a critical component of modern supply chain systems. With 

increasing demand for same-day and next-day delivery services, logistics companies face 

significant challenges in maintaining timely operations. Delays can occur due to multiple 

reasons, including poor route planning, inefficient inventory handling, and external 

disruptions. 

 

II LITERATURE SURVEY 

The problem of late delivery prediction has gained significant attention in the fields of 

logistics and supply chain management due to its impact on customer satisfaction and 

operational efficiency. With the growth of e-commerce platforms, researchers have explored 

various data-driven and machine learning approaches to address delivery delays. 

Early studies focused on traditional statistical methods such as linear regression and time-

series analysis to estimate delivery times. These approaches provided basic insights but 

lacked the ability to capture complex nonlinear relationships between multiple operational 
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factors. As a result, their prediction accuracy was limited, especially in dynamic 

environments. 

Recent research has shifted towards machine learning techniques for more accurate and 

scalable predictions. Algorithms such as Decision Trees, Random Forest, Support Vector 

Machines, and Gradient Boosting have been widely used to classify deliveries as on-time or 

delayed. These models can handle large datasets and identify hidden patterns in shipment and 

order data. Studies show that ensemble methods like Random Forest provide higher accuracy 

due to their ability to reduce overfitting and improve generalization. 

Several researchers have emphasized the importance of feature engineering in improving 

prediction performance. Key features identified include shipment mode, delivery distance, 

warehouse processing time, order priority, and carrier performance. Incorporating external 

factors such as weather conditions, traffic congestion, and seasonal demand has also been 

shown to significantly enhance model accuracy. 

In addition to prediction models, some studies have proposed real-time analytics systems that 

integrate Internet of Things (IoT) devices and GPS tracking. These systems provide 

continuous monitoring of shipments and enable dynamic route optimization. However, such 

systems often require high infrastructure costs and complex implementation. 

Another area of research focuses on big data technologies and cloud-based platforms for 

handling large-scale logistics data. Tools such as distributed databases and parallel processing 

frameworks are used to process and analyze massive datasets efficiently. This allows 

organizations to deploy predictive models in real-time environments. 

 

III SYSTEM ANALYSIS 

System analysis focuses on understanding and evaluating the current logistics and delivery 

process to identify inefficiencies and risks that lead to late deliveries. In traditional supply 

chain systems, delays occur due to multiple factors such as poor demand forecasting, 

inefficient routing, warehouse delays, and unexpected operational disruptions. These issues 

directly impact customer satisfaction and operational costs. 

The proposed system analyzes historical order and shipment data to identify patterns 

associated with late deliveries. Key features such as order date, shipment mode, distance, 

warehouse processing time, carrier performance, and weather conditions are studied. By 

applying machine learning techniques, the system predicts the probability of delay before 

shipment execution. 

Existing system 

The existing delivery systems rely mainly on rule-based tracking and manual monitoring. 

Delays are identified only after they occur, making the system reactive rather than proactive. 

Logistics managers depend on historical averages and static scheduling, which do not account 
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for dynamic factors like traffic or weather. There is limited integration between order 

processing and shipment tracking systems. Data is often siloed, reducing visibility across the 

supply chain. As a result, predicting late deliveries accurately is difficult. 

 

DisAdavantages of Existing system 

 No predictive capability for delays  

 Reactive approach (issues identified after occurrence)  

 Poor data integration across systems  

 Inefficient resource utilization  

 Limited scalability with large datasets 

Proposed system 

The proposed system introduces a machine learning-based predictive model to forecast late 

delivery risks using operational features. It integrates data from order management, shipment 

tracking, and external sources such as weather and traffic. The system preprocesses data, 

extracts meaningful features, and applies classification algorithms to predict delays. It 

provides real-time risk scores for each shipment. This allows logistics managers to take 

preventive actions like route optimization or priority handling. The system improves 

efficiency, reduces delays, and enhances customer satisfaction. 

Advantages of Proposed System  

 Early prediction of delivery delays  

 Proactive decision-making capability  

 Improved logistics planning and optimization  

 Better customer satisfaction  

 Real-time monitoring and alerts 

IV METHODOLOGY 

The methodology of the proposed system involves several structured steps to ensure accurate 

prediction of late deliveries. Initially, data is collected from multiple sources, including order 

records, shipment logs, and external datasets such as weather or traffic conditions. This raw 

data is then preprocessed to handle missing values, remove inconsistencies, and normalize 

features. 

Next, feature engineering is performed to identify the most relevant attributes influencing 

delivery delays. These may include shipment mode, order priority, processing time, delivery 

distance, and carrier performance. The dataset is then split into training and testing sets. 

Machine learning models such as Decision Trees, Random Forest, or Gradient Boosting are 

trained on the dataset to classify deliveries as “on-time” or “late.” Model evaluation is 

performed using metrics like accuracy, precision, recall, and F1-score to ensure reliability. 
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Once the model is optimized, it is deployed into the system for real-time prediction. Incoming 

shipment data is processed through the model to generate delay risk scores. These predictions 

are visualized on dashboards and trigger alerts for high-risk shipments. 

This methodology ensures a data-driven, scalable, and efficient system capable of improving 

logistics performance and minimizing delivery delays. 

System Architecture 

 

The system architecture consists of multiple layers that work together to process data and 

generate predictions. The data collection layer gathers information from order databases, 

shipment tracking systems, and external APIs. The preprocessing layer cleans and transforms 

raw data into structured formats suitable for analysis. 

The feature engineering layer extracts key variables such as delivery time, distance, shipping 

mode, and processing delays. The machine learning layer applies algorithms like Random 

Forest or Logistic Regression to classify whether a delivery will be late or on time. The 

prediction results are stored and visualized through a dashboard. 

V RESULTS &OUTPUT 

The proposed Late Delivery Risk Prediction System produces accurate and actionable results 

by applying machine learning models to logistics data. After training and testing the model 

using historical order and shipment features, the system generates predictions that classify 

deliveries as either “On-Time” or “Late”. 

The performance of the model is evaluated using standard metrics such as accuracy, 

precision, recall, and F1-score. A high accuracy value indicates that the model can correctly 

identify delivery outcomes, while precision and recall help measure how well the system 
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detects actual late deliveries without false alarms. These metrics ensure that the model is 

reliable for real-world logistics applications. 

One of the key outputs of the system is the risk score, which represents the probability of a 

delivery being late. This score ranges from 0 to 1, where higher values indicate a greater 

likelihood of delay. Logistics managers can use this information to prioritize shipments, 

optimize routes, and allocate resources effectively. 
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VI CONCLUSION 

The Late Delivery Risk Prediction System provides an effective solution to identify and 

reduce delivery delays in logistics operations. By leveraging machine learning techniques and 

analyzing order and shipment operational features, the system can accurately predict the 

likelihood of late deliveries before they occur. 

Unlike traditional systems that react after delays happen, this approach enables proactive 

decision-making. Logistics managers can take preventive actions such as route optimization, 

priority scheduling, and better resource allocation based on predicted risk scores. This 

significantly improves delivery efficiency and reduces operational costs. 

The system also enhances customer satisfaction by ensuring timely deliveries and improving 

service reliability. The use of data-driven insights allows organizations to better understand 

the factors influencing delays and continuously improve their processes. 

In conclusion, the proposed system transforms conventional logistics into an intelligent and 

predictive framework. Future enhancements can include real-time data integration, IoT-based 

tracking, and advanced deep learning models to further improve accuracy and scalability. 
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