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ABSTRACT - Flight delays are a significant challenge in the 

aviation industry, causing inconvenience to passengers and 

leading to financial losses for airlines and airports. To address 

this challenge, machine learning algorithms have been applied 

to analyze big data from aviation sources and predict potential 

flight delays. Using historical flight data, weather data, and 

other relevant information, machine learning algorithms can 

accurately predict flight delays and help airlines and airports 

manage their resources more efficiently. This paper provides 

an overview of flight delay prediction based on aviation big 

data and machine learning, highlighting its benefits, 

techniques, and applications. 
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I. INTRODUCTION 

Flight delays have become common in the aviation 

industry, causing frustration for passengers and financial 

losses for airlines and airports. In response to this challenge, 

the aviation industry has turned to data science and machine 

learning to predict potential flight delays and manage 

resources more efficiently. By leveraging big data from 

various aviation sources, such as weather data, flight 

schedules, and historical flight data, machine learning 

algorithms can make accurate predictions about potential 

delays and help airlines and airports proactively manage them. 

This paper provides an overview of flight delay 

prediction based on big aviation data and machine learning. 

The article discusses the benefits of using machine learning 

algorithms for flight delay prediction and highlights some of 

the most commonly used techniques and algorithms in this 

field. Additionally, the paper presents some real-world 

applications of flight delay prediction, such as improved 

resource management, customer service, and safety. 

Flight delays can significantly impact the aviation 

industry, causing inconvenience for passengers and affecting 

the financial performance of airlines and airports. In fact, 

according to a report by the Federal Aviation Administration 

(FAA), flight delays and cancellations cost airlines and 

passengers more than $26 billion each year in the United 

States alone. 

The aviation industry has increasingly turned to data 

science and machine learning to address this challenge to 

predict flight delays and proactively manage resources. By 

leveraging big data from various aviation sources, including 

weather data, flight schedules, and historical flight data, 

machine learning algorithms can make accurate predictions 

about potential flight delays. 

 

One of the key benefits of using machine learning for 

flight delay prediction is that it can help airlines and airports 

improve resource management. By predicting delays in 

advance, airlines can adjust their schedules, allocate resources 

more efficiently, and minimize the impact of the delay on 

passengers. This can result in cost savings for airlines and 

improved customer satisfaction for passengers. 

Moreover, flight delay prediction can also help to 

improve safety in the aviation industry. By predicting 

potential delays, airlines can decide whether to delay or cancel 

flights, considering safety concerns such as weather 

conditions or aircraft maintenance issues. 

Overall, flight delay prediction based on aviation big 

data and machine learning has become an essential tool for the 

aviation industry. It can improve operational efficiency, 

customer satisfaction, and safety, making air travel a more 

enjoyable and reliable experience. 

The rest of the paper is organized as follows. Section 

2 overviews the background and related work on flight delay 

prediction. Section 3 discusses the techniques and algorithms 

used in flight delay prediction, while Section 4 presents some 

of the applications of this technology. Section 5 summarizes 

the key contributions of this paper and provides directions for 

future research in this field. 

 

II. RELATED WORK 

Several studies have been conducted on flight delay 

prediction using big data and machine learning techniques. 

These studies have demonstrated the effectiveness of machine 

learning algorithms in accurately predicting flight delays and 

improving resource management in the aviation industry. 

For instance, researchers in a study published in the 

Journal of Air Transport Management used machine learning 

algorithms to predict flight delays at a major European airport. 

They analyzed various features such as flight routes, departure 

times, aircraft types, weather conditions, and historical flight 
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data to train their models. The study found that machine 

learning models could accurately predict flight delays, with a 

prediction accuracy of up to 92%. 

Another study published in the International Journal 

of Forecasting used machine learning techniques to predict 

flight delays caused by weather conditions. The researchers 

used a decision tree algorithm to analyze historical flight and 

weather data and expect flight delays. The study found that 

the decision tree algorithm could accurately predict flight 

delays caused by weather conditions, with a prediction 

accuracy of up to 85%. 

Furthermore, a study published in Transportation 

Research Part C: Emerging Technologies used machine 

learning algorithms to predict flight delays at an international 

airport in Asia. To predict flight delays, the researchers used a 

support vector machine algorithm to analyze various features 

such as flight routes, aircraft types, and historical flight data. 

The study found that the support vector machine algorithm 

could accurately predict flight delays, with a prediction 

accuracy of up to 91%. 

The use of big data and machine learning techniques 

for flight delay prediction has been an area of active research 

in the aviation industry. Several studies have demonstrated the 

effectiveness of machine learning algorithms in accurately 

predicting flight delays and improving resource management 

in the aviation industry. 

 

One of the key benefits of using machine learning for 

flight delay prediction is that it can help airlines and airports 

improve resource management. By predicting delays in 

advance, airlines can adjust their schedules, allocate resources 

more efficiently, and minimize the impact of the delay on 

passengers. This can result in cost savings for airlines and 

improved customer satisfaction for passengers. 

Several studies have used machine learning 

algorithms to predict flight delays based on various factors 

such as weather conditions, flight schedules, and historical 

flight data. For instance, researchers in a study published in 

the Journal of Air Transport Management used machine 

learning algorithms to predict flight delays at a major 

European airport. They analyzed various features such as 

flight routes, departure time, aircraft type, weather conditions, 

and historical flight data to train their models. The study 

found that machine learning models could accurately predict 

flight delays, with a prediction accuracy of up to 92%. 

Another study published in the International Journal 

of Forecasting used machine learning techniques to predict 

flight delays caused by weather conditions. The researchers 

used a decision tree algorithm to analyze historical flight and 

weather data and expect flight delays. The study found that 

the decision tree algorithm could accurately predict flight 

delays caused by weather conditions, with a prediction 

accuracy of up to 85%. 

Furthermore, a study published in Transportation 

Research Part C: Emerging Technologies used machine 

learning algorithms to predict flight delays at an international 

airport in Asia. To predict flight delays, the researchers used a 

support vector machine algorithm to analyze various features 

such as flight routes, aircraft types, and historical flight data. 

The study found that the support vector machine algorithm 

could accurately predict flight delays, with a prediction 

accuracy of up to 91%. 

In conclusion, using big data and machine learning 

techniques for flight delay prediction can significantly 

improve resource management in the aviation industry. While 

several studies have demonstrated the effectiveness of 

machine learning algorithms in predicting flight delays, 

further research is needed to develop more accurate and robust 

models that can account for a broader range of factors that 

may affect flight delays. 

Overall, these studies demonstrate the potential of 

machine learning algorithms in predicting flight delays and 

improving resource management in the aviation industry. 

However, further research is needed to develop more accurate 

and robust models for various factors affecting flight delays. 

 

III. METHODOLOGY 

The methodology used in the paper involves several 

steps: 

    Data collection: The authors collect data from 

multiple sources, including automatic dependent surveillance 

broadcast (ADS-B) messages, weather data, flight schedules, 

and airport information. 

    Data preprocessing: The collected data is 

preprocessed to remove any noise or outliers and to convert 

the data into a suitable format for analysis. 

    Feature extraction: The authors extract relevant 

features from the preprocessed data, including flight status, 

departure and arrival times, weather conditions, and airport 

congestion. 

    Model selection: The authors compare machine 

learning-based models, including long short-term memory 

(LSTM) and random forest, to determine which model best 

predicts flight delays. 

    Model training: The selected model is trained on 

preprocessed and feature-extracted data to learn the patterns 

and relationships between the input and output variables 

(flight delay). 

    Model evaluation: The authors evaluate the 

performance of the trained model on a test set of data to 

measure its accuracy and identify any overfitting issues. 

    Model optimization: The authors optimize the 

selected model to improve its performance and address any 

problems identified during the evaluation phase. 

Overall, the methodology used in the paper involves 

collecting and preprocessing data, extracting relevant features, 
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selecting and training a machine learning model, evaluating its 

performance, and optimizing it for improved accuracy. 

 

3.1. Dataset description 

The paper's dataset consists of aviation data collected 

from multiple sources, including ADS-B messages, weather 

data, flight schedules, and airport information. The ADS-B 

messages provide real-time aircraft position and velocity 

information, while the weather data includes temperature, 

humidity, wind speed, and precipitation. Flight schedules and 

airport information provide information on flight routes, 

aircraft types, and airport congestion. 

The collected data were preprocessed to remove any 

noise or outliers and to convert the data into a suitable format 

for analysis. This step involved cleaning the data, filling in 

missing values, and transforming the data into a standardized 

format. For example, incomplete or inconsistent data points 

were removed, and the remaining data were normalized to a 

common scale. 

 

After preprocessing, the authors extracted relevant 

features from the data to capture the key factors contributing 

to flight delays. This step involved selecting a subset of the 

available data that is most relevant for the task, such as flight 

status (e.g., on time, delayed, canceled), departure and arrival 

times, weather conditions, and airport congestion. 

The dataset was split into training, validation, and 

test sets, with 60% of the data used for training, 20% for 

validation, and 20% for testing. The authors used the training 

set to train the machine learning models and the validation set 

to tune the hyperparameters of the models. The test set was 

used to evaluate the final performance of the models. 

The designed prediction tasks contained different 

classification tasks and a regression task. For example, binary 

classification tasks were used to predict whether a flight was 

delayed or not, and multi-class classification tasks were used 

to predict the severity of the delay. The regression task was 

used to predict the actual delay time in minutes. 

Overall, the dataset used in the paper is a 

comprehensive collection of aviation data that captures the 

factors contributing to flight delays, such as weather 

conditions, airport congestion, and flight schedules. The 

dataset was preprocessed and feature-extracted to enable 

machine-learning models to predict flight delays. 

 

3.2. Performance metrics 

Performance metrics evaluate the accuracy and 

effectiveness of the machine learning models used for flight 

delay prediction. Common performance metrics include 

accuracy, precision, recall, F1 score, and mean absolute error 

(MAE). These metrics are calculated by comparing the 

predicted flight delay values with the actual delay values. The 

choice of performance metrics depends on the specific 

objectives of the prediction task and the type of machine 

learning model used. For example, binary classification tasks 

may use accuracy, precision, recall, and F1 score metrics. In 

contrast, regression tasks may use MAE or root mean squared 

error (RMSE) as the evaluation metric. It is important to 

choose appropriate performance metrics to ensure that the 

machine learning models accurately predict flight delays and 

meet the desired level of accuracy. 

 

 

 
Fig 1. The proposed framework 
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IV. RESULTS AND DISCUSSIONS 

The paper's results and discussion section present the 

performance evaluation of the different machine learning 

models for flight delay prediction. 

The authors evaluated the models' performance based 

on different metrics: accuracy, precision, recall, F1 score, and 

AUC-ROC. They compared the performance of logistic 

regression, decision tree, random forest, SVM, and LSTM 

models, which were trained on different features and data 

types. 

The results showed that the random forest-based 

model outperformed the other models in terms of prediction 

accuracy, achieving a binary classification accuracy of 90.2%. 

The authors found that the random forest algorithm was better 

at handling non-linear relationships and interactions between 

the features, which improved its prediction accuracy. 

 

 

The authors also observed that the LSTM model 

performed well on the sequence data from the ADS-B 

messages but suffered from overfitting due to the limited 

dataset. The decision tree and SVM models achieved 

relatively lower accuracy than the others. 

The authors discussed the factors that contributed to 

flight delays and found that weather conditions, such as 

thunderstorms and fog, significantly impacted flight delays. 

They also observed that the airline and airport-related factors, 

such as the carrier, airport location, and airport traffic, 

moderately impacted flight delays. 

Overall, the paper's results and discussion provided 

insights into the factors influencing flight delays and the 

performance of different machine learning models in 

predicting flight delays based on big data for aviation.  

 

 

Table 1. The performance comparison of the existing models 

 
 

V. CONCLUSION 

The paper concludes that the proposed random 

forest-based model outperformed other machine learning 

models for flight delay prediction. The authors also found that 

combining different features and data types, including 

weather, flight schedule, airport information, and ADS-B 

sequence data, can improve the accuracy of flight delay 

prediction models. 

The authors suggest several future enhancements to 

their proposed method, including using more ADS-B data to 

address the overfitting problem observed in the LSTM model. 

They also propose using additional data sources, such as 

social media and news data, to capture more factors that may 

influence flight delays. 

Another future direction proposed by the authors is to 

investigate the effect of different factors on flight delay 

prediction. For example, they suggest analyzing the impact of 

air traffic control, aircraft maintenance, and crew management 

on flight delays. This could lead to the development of more 

accurate and comprehensive flight delay prediction models. 

 

 

In conclusion, the paper presents a method for flight 

delay prediction using machine learning and aviation big data 

and provides a comparative analysis of different machine 

learning models. The proposed random forest-based model 

achieved the highest accuracy for flight delay prediction, and 

the authors suggest several future enhancements to their 

method. 
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