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                                                            ABSTRACT  

 Accurately predicting flight delays is fundamental to building a more efficient airline business. An airline's 

core business is customer satisfaction. Our forecasts are critically important in the decision-making 

process of all civil aviation stakeholders. Bad weather, mechanical reasons and delayed arrival of the 

aircraft at the point of origin cause flight delays and customer dissatisfaction. Using flight data and weather data, 

we propose a prediction model for on-time arrival flights. This project uses machine learning models such as 

decision tree regression, Bayesian Ridge, random forest regression, and gradient boosting regression to predict 

whether a particular flight will arrive late. 

                                                                 INTRODUCTION  

A flight delay occurs when an airline lands or takes off later than the scheduled arrival or departure time. Air 

pollution has been increasing rapidly in recent years. The global airline industry suffers huge losses due to many 

factors including flight delays. Flight delays are usually covered by all companies involved. H. Airports, airlines, 

passengers, troubles. Predicting flight delays accurately and thoroughly using factors that play a surprising role is 

key to minimizing losses and increasing customer satisfaction. 

In the United States, the FAA considers a flight delayed if there is a difference of 15 minutes or more between 

the scheduled time and the actual arrival time. This is a serious problem in the United States, so research is 

currently underway to analyze and predict flight delays in order to significantly reduce costs. The main reasons 

for delays on scheduled commercial flights are bad weather, air congestion, delays of aircraft used for flights from 

previous flights, maintenance and safety issues. 

In this, we have used several machine learning algorithms to comparatively study the accuracy of each algorithm. 

Predict whether a particular flight will be delayed using machine learning models such as decision tree regression, 

Bayesian ridge, random forest regression, and gradient boosting regression.  
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LITERATURE REVIEW 

[1] Chakrabarty, Navoneel. (2019). A Data Mining Approach to Flight Arrival Delay Prediction for 

American Airlines. 

The current US domestic scenario has resulted in many flight delays and cancellations. American Airlines is one 

of the most trusted airlines in the United States and the largest airline in the world by number of destinations. 

However, on domestic flights, AA does not live up to expectations in terms of punctuality or punctuality. Flight 

delays also cost commercial airlines a lot. They will therefore do their best to prevent flight delays or cancellations 

or prevent them by taking certain measures. Please allow for possible delays. A gradient boosting classifier model 

is used to achieve a maximum accuracy of 85.73% through hyperparameter training and tuning. Such intelligent 

systems are very important for predicting flight accuracy. 

[2] G. Gui, F. Liu, J. Sun, J. Yang, Z. Zhou and D. Zhao, "Flight Delay Prediction Based on Aviation Big 

Data and Machine Learning," IEEE Transactions on Vehicular Technology, vol. 69, No. 1, pp. 140-150, 

January 2020. 

Accurately predicting flight delays is critical to building a more efficient airline business. Recent research has 

focused on the application of machine learning techniques to predict flight delays. Most of the previous 

forecasting methods are performed on a single route or airport. This white paper examines the various factors that 

can affect flight delays and compares several machine learning-based models for common designed flight delay 

prediction tasks. Automatic Dependent Surveillance Broadcast (ADS-B) messages are received, pre-processed 

and integrated with other information such as weather conditions, flight schedules and airport information to 

create the dataset for the proposed scheme. The proposed prediction tasks include various classification and 

regression tasks. Experimental results show that long-short-term memory (LSTM) can process captured aerial 

sequence data, but suffers from overfitting problems for limited datasets. Compared with previous schemes, the 

proposed random forest-based model can achieve higher prediction accuracy (90.2% for binary classification) and 

overcome the overfitting problem. 

 [3] Sharma, Himani & Kumar, Sunil. (2016). A Survey on Decision Tree Algorithms of Classification in 

Data Mining. International Journal of Science and Research (IJSR). 5. 

With the development of computer technology and computer network technology, the amount of data in the 

information industry is increasing. We need to analyze this huge amount of data and gain useful knowledge. The 

process of extracting useful knowledge from large amounts of incomplete, noisy, ambiguous and random data is 

called data mining. The decision tree classification technique is one of the most popular data mining techniques. 

Decision trees use divide and rule as their basic learning strategy. A decision tree is a structure that contains a 

root node, branches, and leaf nodes. Each internal node provides a test for an attribute, each branch provides a 

test result, and each leaf node contains a class specification. The top node of the tree is the root node. This white 
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paper focuses on various decision tree algorithms (ID3, C4.5, CART), their characteristics, challenges, strengths 

and weaknesses.  

[4] Friedman, Jerome. (2002). Stochastic Gradient Boosting. Computational Statistics & Data Analysis. 38. 

367-378. 10.1016/S0167-9473(01)00065-2. 

Gradient boosting creates an additive regression model by fitting a simple parameterized function (the base 

learner) to the current "pseudo" residuals sequentially with least-squares at each iteration. The pseudo residual is 

the slope of the loss function minimized with respect to the model values at each training data point evaluated at 

the current step. Integrating randomization into the method has been shown to significantly improve both the 

approximation accuracy and execution speed of the gradient increase. Specifically, at each iteration, a subsample 

of the training data is randomly (without permutation) drawn from the full training data set. This random 

subsample is used instead of the full sample to fit the base learner and compute the model update for the current 

iteration. This randomized approach will also be more robust against elementary school overcrowding.                                                               

                                                             EXPERMENTAL  

PyCharm:  

PyCharm is a purpose-built Python integrated development environment (IDE) that provides a wide range of 

essential tools for Python developers, tightly coupled to create a working environment for productive Python, 

web, and data science development. 

 

Scikit-Learn:       

Scikit Learn comes with a clean and concise API. It also provides very useful documentation for beginners. There 

are various algorithms for classification, clustering, regression, etc. It also supports random forests, k-Means, 

gradient boosting, DBSCAN and more. 

Matplotlib:     

Matplotlib can produce high quality illustrations suitable for publication. Figures created with Matplotlib are 

available in paper form on various interactive platforms. MatPlotlib can be used in a variety of toolkits, including 

Python scripting, IPython shell, Jupyter Notebook, and many other four graphical user interfaces.  

Flask:   

 Flask is used to develop web applications using Python implemented in Werkzeug and Jinja 2. 

  

PROPOSED SYSTEM   

  

Accurately predicting flight delays is fundamental to building a more efficient airline business. An airline's core 

business is customer satisfaction. Existing methods are expensive to implement and require highly skilled 

personnel and manual prediction feature selection. In this post, we use machine learning models such as decision 
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tree regression, Bayesian Ridge, random forest regression, and gradient boosting regression to predict whether a 

particular flight will arrive late. 

          ADVANTAGES:   

• Higher Accuracy.   

• Low variance.   

• Does not require highly trained staff to operate.   

• Cheaper to implement.   

     SYSTEM ARCHITECTURE:   

  

  

  

  

                                                       IMPLEMENTATION   

MODULES 

• System 

• User 

1. System: 

1.1 Takes Dataset: 

The system retrieves the .csv data uploaded by the user. 
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1.2 Preprocessing: 

Data preprocessing is a technique used to transform raw data into a clean dataset. Cleaning data means removing 

null values,filling null values with meaningful values, removing duplicate values, removing 

outliers, and removing unwanted attributes. If your data set contains categorical data sets, this means converting 

these categorical variables to numeric values. 

Here we remove rows with null values and select features. 

1.3 Encoding Dataset: 

The dataset is divided into predictor variables and target variables. Perform ordinal encoding on the predictors 

and scale with StandardScaler. 

1.4 Model Training: 

When the user selects a model, the data is split into two parts, a test data set and a training data set. 

The models: 

 Decision Tree:  

Decision trees are a non-parametric supervised learning method used for classification and regression. The goal 

is to build a model that predicts the value of the target variable by learning simple decision rules derived from 

data properties. 

 Bayesian Ridge Regression:  

By formulating linear regression using probability distributions instead of point estimates, Bayesian regression 

allows the natural mechanism to tolerate bad or improperly distributed data. One of the most useful types of 

Bayesian regression is Bayesian ridge regression, which estimates probabilistic models for regression problems. 

 Random Forest Regression:  

Random Forest or Random Decision Forest performs classification, regression, and other tasks that work by 

building different decision trees during training and outputting bins or mean/median prediction modes. It's 

targeted. Ensemble learning method of individual trees. The random decision forest fixes the habit of the decision 

tree to overfill the training set. Random forests are generally better than decision trees, but not as accurate as 

gradient-enhanced trees. However, data properties can affect performance. 

 Gradient Boosting Regression:  

Gradient boosting is a machine learning technique for regression and classification problems that generates a 

predictive model in the form of a set of weak predictive models. As with other boosting methods, we build the 

model step by step and generalize the model by allowing us to optimize the differentiable loss function. 
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1.5 Tabulation: 

The system takes input from the user about a target variable and displays all five-scoring metrics for all 

algorithms for that target variable. 

1.6 Visualization: 

The system takes a specific evaluation metric as user input and generates an aggregated bar chart of all different 

models with two different target variables. 

2. User 

2.1 Upload Data: 

A user uploads a .csv record from a web application containing FAA flight records. 

2.2 View Data: 

The user checks the data in the web application after the data is cleaned. 

2.3 Model Testing: 

The user tests all possible models trained by the system using the test data set and displays all five-evaluation 

metrics in a table. 

2.4 Visualization: 

Users can select a specific metric to view a comparison chart of all algorithms in a clustered bar chart using both 

target variables. 

INPUT:  
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 OUTPUT: 

The performance for all the models are shown below: 

 

 For Departure Delay as Target variable:  
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For Arrival Delay as Target variable:  

  

  

  

 

VISUALIZATION: 
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                                                             CONCLUSION 

In this application, we removed null values, coded all variables, and preprocessed the data. We also scaled 

all predictors. We used decision trees, Bayesian ridge, random forest, and gradient-boosted regression. The best 
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model was a random forest model with hyperparameter tuning (low margin). The dataset used was the 2015 FAA 

Flight dataset. 
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