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Abstract

Travelling through flights has become an integral part of today’s lifestyle as more and more people are
opting for faster travelling options. The flight ticket prices increase or decrease every now and then
depending on various factors like timing of the flights, destination, duration of flights. various occasions
such as vacations or festive season. Therefore, having some basic idea of the flight fares before planning
the trip will surely help many people save money and time. In the proposed system a predictive model
will be created by applying machine learning algorithms to the collected historical data of flights. This
system will give people the idea about the trends that prices follow and also provide a predicted price
value which they can refer to before booking their flight tickets to save money. This kind of system or
service can be provided to the customers by flight booking companies which will help the customers to
book their tickets accordingly.
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CHAPTER 1: PROJECT OVERVIEW

1.1 Introduction

Airline companies use complex algorithms to calculate flight prices given various conditions present at
that particular time. These methods take financial, marketing, and various social factors into account to
predict flight prices.

Nowadays, the number of people using flights has increased significantly. It is difficult for airlines
to maintain prices since prices change dynamically due to different conditions. That’s why we will try
to use machine learning to solve this problem. This can help airlines by predicting what prices they can
maintain. It can also help customers to predict future flight prices and plan their journey accordingly.

1.2 Aim

The aim is to predict flight prices given the various parameters. Data used in this is publicly available
at Kaggle. This will be a regression problem since

the target or dependent variable is the price (continuous numeric value).

1.3 Data Used

Data was used from Kaggle which is a freely available platform for data scientists and machine learning
enthusiasts.

Reference: ref. 1 in reference table

1.4 System Requirements

Windows Based Requirements:

Computers running Microsoft Windows must meet the following minimum hardware and software
requirements.

Microsoft Windows: 7/8/10/11

4 GB RAM minimum, 8 GB RAM recommended

1GB of available disk space minimum

1280 * 800 minimum screen resolution

Software Requirement: Python 3.10.4

Hardware Requirement: Laptop/Computer

Internet Connectivity

l1|Page



CHAPTER 2: TOOLS AND TECHNOLOGY
2.1Python

Python is a high-level, interpreted, interactive, and object-oriented scripting language. Python is
designed to be highly readable. It uses English keywords frequently whereas other languages use

punctuation, and it has fewer syntactical constructions than other languages.

2.2Machine Learning
Machine learning is a method of data analysis that automates analytical model building. It is a branch
of artificial intelligence based on the idea that systems can learn from data, identify patterns and make

decisions with minimal human intervention

2.3Jupyter Notebook

Jupyter Notebook is a web-based interactive computational environment for creating

notebook documents. A Jupyter Notebook document is a browser-based REPL containing an ordered
list of input/output cells which can contain code, text, mathematics, plots and rich media. Underneath
the interface, a notebook is a JSON document, following a versioned schema, usually ending with the

".ipynb" extension.

2.4Visual Studio Code

Visual Studio Code is a source-code editor made by Microsoft for Windows, Linux and macOS.
Features include support for debugging, syntax highlighting, intelligent code completion, snippets,
code refactoring, and embedded Git. Users can change the theme, keyboard shortcuts, preferences,

and install extensions that add additional functionality.

2.5Anaconda

Anaconda is a distribution of the Python and R programming languages for scientific computing that
aims to simplify package management and deployment. The distribution includes data-science
packages suitable for Windows, Linux, and macOS. We used anaconda to get access to Anaconda

Navigator and Anaconda Prompt.

2|Page



2.6 Numpy
NumPy is a library for the Python programming language, adding support for large, multi-
dimensional arrays and matrices, along with a large collection of high-level mathematical functions to

operate on these arrays. NumPy is open-source software and has many contributors.

2.7Pandas

Pandas is a software library written for the Python programming language for data manipulation and
analysis. In particular, it offers data structures and operations for manipulating numerical tables and

time series. It is free software released under the three-clause BSD license. The name is derived from
the term "panel data", an econometrics term for data sets that include observations over multiple time

periods for the same individuals.

2.8Seaborn

Seaborn is a data visualization library built on top of matplotlib and closely integrated with Pandas
data structures in Python. Visualization is the central part of Seaborn which helps in exploration and

understanding of data.

2.9Matplotlib
Matplotlib is a plotting library for the Python programming language and its numerical mathematics
extension NumPy. It provides an object-oriented API for embedding plots into applications using

general-purpose GUI toolkits like Tkinter, wxPython, Qt, or GTK.

2.10 Scikit-Learn

Scikit-learn is a free software machine learning library for the Python programming language. It
features various classification, regression and clustering algorithms including support vector
machines, random forests, gradient boosting, k-means and DBSCAN, and is designed to interoperate

with the Python numerical and scientific libraries NumPy and SciPy.

2.11 Pickle

Pickle module is used for serializing and de-serializing a Python object structure. Any object in
Python can be pickled so that it can be saved on disk. What pickle does is that it “serializes” the object

first before writing it to file. Pickling is a way to convert a python object into a character stream.
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CHAPTER 3: DATA ANALYSIS
3.1 Data Importing

The procedure of extracting information from given raw data is called data analysis

We can import data for data training

import numpy as np

import pandas as pd

import matplotlib.pyplot as plt
import seaborn as sns

sns.set()

Importing dataset
1.Since data is in form of excel file we have to use pandas read_excel to load the data

2.After loading it is important to check the complete information of data as it can indication many of the hidden infomation such as null values in a column or a
ow

3.Check whether any null values are there or not. if it is present then following can be done, A.Imputing data using Imputation method in skieam B.Filling NaN
values with mean, median and mode using fillna() method

4.Describe data --> which can give statistical analysis
4]: train_datazpd.read_excel(r"C://Users/PRATEEX/Desktop/minor_2/Data_Train.xlsx™)
5]: pd.set_option(‘'display.max_columns',None) #display o

| Ir ]: train_data.head()

Fig 3.1 Data Importing
3.2 Dataset variable

1. Airline: So this column will have all the types of airlines like Indigo, Jet Airways, Air India, and
many more.

2. Date_of_Journey: This column will let us know about the date on which the passenger’s journey
will start.

3. Source: This column holds the name of the place from where the passenger’s journey will start.
4. Destination: This column holds the name of the place to where passengers wanted to travel.

5. Route: Here we can know about that what is the route through which passengers have opted to
travel from his/her source to their destination.

6. Arrival_Time: Arrival time is when the passenger will reach his/her destination.

7. Duration: Duration is the whole period that a flight will take to complete its journey from source
to destination.

8. Total_Stops: This will let us know in how many places flights will stop there for the flight in the
whole journey.

9. Additional_Info: In this column, we will get information about food, kind of food, and other
amenities.

10. Price: Price of the flight for a complete journey including all the expenses before onboarding.
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3.3 Reading Training Data

train_data = pd.read_excel("Data_Train.xIsx")

train_data.head(10)

Output:

Airline Date_of_Journey Source Destination Route Dep_Time Arrival_Time Duration Total_Stops Additional_Info Price
0 IndiGo 24/03/2019 Banglore  New Delhi BLR — DEL 22:20 01:1022Mar  2h 50m non-stop Noinfo 3897
1 Air India 1/05/2019 Kolkata  Banglore ~ CCU—~XR— B%'LE 05:50 1315 7h25m 2 stops Noinfo 7662
2 JetAiways 9/06/2019  Delhi Cochin DEL—LKO— Bog‘oT( 09:25 04:2510 Jun 19h 2 stops Noinfo 13882
3 IndiGo 12/05/2019 Kolkata Banglore CCU — NAG — BLR 18:05 23:30 5h 25m 1 stop Noinfo 6218
4 IndiGo 01/03/2019 Banglore New Delhi BLR — NAG — DEL 16:50 21:35  4h 45m 1 stop Noinfo 13302
5 SpiceJet 24/06/2019  Kolkata Banglore CCU —BLR 09:00 11:25  2h 25m non-stop Noinfo 3873
6 JetAinways 12/03/2019 Banglore  New Delhi BLR — BOM — DEL 18:55 10:2513 Mar 15h 30m 1 stop In-fiight miﬁ" oy 11087
7 Jet Airways 01/03/2019 Banglore New Delhi BLR — BOM — DEL 08:00 05:0502Mar 21h 5m 1 stop Noinfo 22270
8 JetAiways 12/03/2019 Banglore  New Delhi BLR — BOM — DEL 08:55 10:2513Mar 25h 30m 1 stop IERFA eIt Hoor
9 hultipte 27/052019  Delhi Cochin  DEL— BOM — COK 11:25 1915 7h50m 1stop Noinfo 8625

carriers

Fig. 3.3 Reading Data

3.4 Exploratory Data Analysis

Now here we will be looking at the kind of columns our dataset has.

train_data.columns

Output:

Index(['Airline', Date_of Journey', 'Source', 'Destination’, Route',
'Dep_Time', 'Arrival_Time', 'Duration’, 'Total_Stops',
'Additional_Info', 'Price'],

dtype='object’)

Here we can get more information about our dataset

train_data.info()
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Output:

<class 'pandas.core.frame.DataFrame'>
RangeIndex: 10683 entries, @ to 10682
Data columns (total 11 columns):

#  Column Non-Null Count Dtype

@ Airline 10683 non-null object
1 Date_of_Journey 10683 non-null object
2 Source 10683 non-null object
3 Destination 10683 non-null object
4  Route 10682 non-null object
5 Dep_Time 10683 non-null object
6 Arrival_Time 10683 non-null object
7  Duration 10683 non-null object
8 Total Stops 10682 non-null object
9 Additional Info 10683 non-null object
10 Price 10683 non-null inte4

dtypes: int64(1), object(10)
memory usage: 918.2+ KB

Fig. 3.4.1 Information Of Dataset

To know more about the dataset

train_data.describe()

Output:

Price

count 10683.000000
mean  9087.064121
std  4611.359167
min  1759.000000
25%  5277.000000
50%  8372.000000
75% 12373.000000
max 79512.000000
Fig. 3.4.2 Statistics Of Dataset

Now while using the IsNull function we will gonna see the number of null values in our dataset

train_data.isnull().head()
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Output:

Airline Source Destination Route Duration Total_Stops Additional_Info Price Journey_day Journey_month Dep_hour Dep_min Arrival_hour Arrival_min

False False False False False False False False False False False False False False
False False False False False False False False False False False False False False
False False False False False False False False False False False False False False
False False False False False False False False False False False False False False
False False False False False False False False False False False False False False

Fig. 3.4.3 NAN Values

Now while using the IsNull function and sum function we will gonna see the number of null values in our

dataset

train_data.isnull().sum()

Output:

Airline 0
Date_of_Journey 0
Source 0
Destination
Route

Dep_Time 0
Arrival_Time 0
Duration 0
Total_Stops 1
Additional_Info 0
Price 0
dtype: int64

Dropping NAN values

train_data.dropna(inplace = True)

Checking the Additional_info column and having the count of unique types of values.
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train_data["Additional_Info"].value_counts()

Output:

No info 8182
In-flight meal not included 1926
No check-in baggage included 318
1 Long layover 19
Change airports 7
Business class

No Info

1 Short layover

2 Long layover

Red-eye flight 1

Name: Additional_Info, dtype: int64

Now let’s look at our testing dataset

test_data = pd.read_excel("Test_set.xIsx")

test_data.head(10)

Output:

Airline Date_of_Journey Source Destination Route Dep_Time Arrival_Time Duration Total_Stops Additional_Info
0 Jet Airways 6/06/2019 Delhi Cochin DEL — BOM — COK 17:30 04:2507 Jun 10h 55m 1 stop No info
1 IndiGo 12/05/2019  Kolkata Banglore CCU — MAA— BLR 06:20 10:20 4h 1 stop No info
2 Jet Airways 21/05/2019 Delhi Cochin DEL — BOM — COK 19:15 19:00 22 May 23h 45m 1stop In-flight meal not included
3 Multiple carriers 21/05/2019 Delhi Cochin DEL — BOM — COK 08:00 21:00 13h 1 stop No info
4 Air Asia 24/06/2019 Banglore Delhi BLR — DEL 23:55 02:45 25 Jun 2h 50m non-stop No info
5 Jet Airways 12/06/2019 Delhi Cochin DEL — BOM — COK 18:15 12:3513Jun  18h 20m 1 stop In-flight meal not included
6 Air India 12/03/2019 Banglore New Delhi BLR — TRV — DEL 07:30 22:35 15h 5m 1 stop No info
y IndiGo 1/05/2019  Kolkata Banglore CCU — HYD — BLR 15:15 20:30  5h 15m 1 stop No info
8 IndiGo 15/03/2019  Kolkata Banglore CCU —BLR 10:10 12:55  2h 45m non-stop No info
9 Jet Airways 18/05/2019  Kolkata Banglore CCU — BOM — BLR 16:30 22:35 6h 5m 1 stop No info

Fig. 3.4.4 Test_set Dataset Information
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Now here we will be looking at the kind of columns our testing data has.

test_data.columns

Output:

Index(['Airline', 'Date_of Journey', 'Source', 'Destination’, 'Route’,
'Dep_Time', 'Arrival_Time', 'Duration’, 'Total_Stops',

'Additional_Info'],

dtype='object’)

Information about the dataset

test_data.info()

Output:

<class 'pandas.core.frame.DataFrame’>
RangeIndex: 2671 entries, © to 2670
Data columns (total 18 columns):

#  Column Non-Null Count Dtype

@ Alrline 2671 non-null object
1 Date of Journey 2671 non-null object
2  Source 2671 non-null  object
3  Destination 2671 non-null object
4  Route 2671 non-null object
5 Dep Time 2671 non-null object
6 Arrival Time 2671 non-null  object
7 Duration 2671 non-null object
8 Total Stops 2671 non-null object
9  Additional Info 2671 non-null object

dtypes: object(1e)
memory usage: 208.8+ KB

Fig. 3.4.5 Test_data Information
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To know more about the testing dataset

test_data.describe()

Output:
Airline Date_of_Journey Source Destination Route Dep_Time Arrival_Time Duration Total_Stops Additional_Info
count 2671 2671 2671 2671 2671 2671 2671 2671 2671 2671
unique 1 44 5 6 100 199 704 320 5 6
top JetAirways 9/05/2019 Delhi Cochin DEL — BOM — COK 10:00 19:00 2h 50m 1 stop No info
freq 897 144 1145 1145 624 62 113 122 1431 2148

Fig. 3.4.6 Statistic Information of Test_data
Now while using the IsNull function and sum function we will gonna see the number of null values in our

testing data

test_data.isnull().sum()

Output:

Airline 0
Date_of_Journey 0
Source 0
Destination

Route

Dep_Time 0
Arrival_Time 0
Duration 0
Total_Stops 0
Additional_Info 0

dtype: int64
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CHAPTER 4: DATA VISUALIZATION
4.1 Plotting Price vs Airline Plot:

catplot(y = "Price", x = "Airline", data = train_data.sort_values("Price", ascending = False), kind="boxen",
height = 6, aspect = 3)

plt.show()

Output:

80000 .
70000
60000
‘
50000
3
é 40000

30000

S e ild i

0

Jet Airways Business  Jet Airways Multiple carriers Air India SpiceJet GoAir IndiGo VistaraMultiple carriers Premium economyir Asia  Vistara Premium economy  Trujet
Airline

Fig. 4.1.1 Plotting Price vs Airline Plot

Inference: Here with the help of the cat plot we are trying to plot the boxplot between the price of the flight

and airline and we can conclude that Jet Airways has the most outliers in terms of price.

Let’s see our processed data first

train_data.head()

Output:
Airline Date_of_Journey Source Destination Route Dep_Time Arrival_Time Duration Total_Stops Additional_Info Price
0 IndiGo 24/03/2019 Banglore New Delhi BLR — DEL 22:20 01:1022Mar  2h 50m non-stop Noinfo 3897
1 Air India 1/05/2019  Kolkata Banglore CCU — IXR — BBl — BLR 05:50 13:15  7h 25m 2 stops Noinfo 7662
2 JetAirways 9/06/2019 Delhi Cochin DEL — LKO — BOM — COK 09:25 04:25 10 Jun 19h 2 stops Noinfo 13882
3 IndiGo 12/05/2019  Kolkata Banglore CCU — NAG — BLR 18:05 23:30 5h 25m 1 stop Noinfo 6218
4 IndiGo 01/03/2019 Banglore New Delhi BLR — NAG — DEL 16:50 21:35  4h 45m 1 stop Noinfo 13302

Fig. 4.1.2 Updated Test_data Head
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4.2 Time & Date Setting:

Here first we are dividing the features and labels and then converting the hours in minutes.

In [19]: # Time taken by plane to reach destinatior alled Durat
the differnce betwwen Departure Time and Arr

duration = list(train_data[“Duration"])

for i in range(len(duration)):
if len(duration[i].split()) I= 2: # Check if duratior
if “h" 4in duration[i]:
duration[i] = duration[i].strip() +
else:
duration[i] = “0h " + duration[i] # Adds 0 hour
duration_hours = []
duration_mins = []
for i in range(len(duration)):
duration_hours.append(int(duration[i].split(sep = "h")[0])) # Extra fr
duration_mins.append(int(duration[i].split(sep = “m")[0].split()[-1]))

Fig. 4.2.1 Time Conversion

Date_of Journey: Here we are organizing the format of the date of journey in our dataset for better
preprocessing in the model stage.

train_data["Journey_day"] = pd.to_datetime(train_data.Date_of Journey, format="%d/%m/% Y").dt.day

train_data["Journey_month"] = pd.to_datetime(train_data["Date_of_Journey"], format

="%d/%m/%Y").dt.month

train_data.drop(["Date_of_Journey"], axis = 1, inplace = True)

Dep_Time: Here we are converting departure time into hours and minutes

train_data["Dep_hour"] = pd.to_datetime(train_data["Dep_Time"]).dt.hour
train_data["Dep_min"] = pd.to_datetime(train_data["Dep_Time"]).dt.minute

train_df.drop(["Dep_Time"], axis = 1, inplace = True)

Arrival_Time: Similarly we are converting the arrival time into hours and minute

train_data["Arrival_hour"] = pd.to_datetime(train_data.Arrival_Time).dt.hour

train_data["Arrival_min"] = pd.to_datetime(train_data.Arrival_Time).dt.minute

train_data.drop(["Arrival_Time"], axis = 1, inplace = True)

Now after final preprocessing let’s see our dataset

train_data.head()
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Output:

Airline

Source Destination Route Duration Total_Stops Additional_Info

Price Journey_day Journey_month Dep_hour Dep_min Arrival_hour Arrival_min

IndiGo

Air
India

Jet
Airways

IndiGo

IndiGo

Banglore

Kolkata

Delhi

Kolkata

Banglore

New Delhi

Banglore

Cochin

Banglore

New Delhi

BLR
DEL
ccu

-

IXR
o8
Bl
DEL
LKB
BOI_VI'
CO_}é
ccu
NAE
BLR
BLR
NAB

DEL

170

445

1140

325

285

non-stop

2 stops

2 stops

1 stop

1 stop

No info

No info

No info

No info

No info

Fig. 4.2.2 Updated train_data

3897

7662

13882

6218

13302

24

12

2

20

50

25

50

23

21
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4.3 Correlation Between All Features:

Plotting Correlation

plt.figure(figsize = (18,18))

sns.heatmap(train_data.corr(), annot = True, cmap = "RdY1Gn")

plt.show()

Output:

0.071

Price Duration

Journey day

Journey month

Dep_hour

0.063

Dep_min

Arival_hour

©0.071 0.086

Arival min

Duration Price Journey_day  Journey_month Dep_hour Dep_min Asrival_hour Asrival_min

Fig. 4.3 Correlation Between all Features
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4.4 Fitting Model Using Random Forest:

Fitting model using Random Forest

In [52]: from sklearn,model selection dmport train test split
K train, X test, y train, y test = train test split(h, y, test size = 0.2, randon state = 40)

In [53]: from sklearn,ensenble dnport Randonfores tRegressor
reg f = RandonForesthegressor)
reg . tit(X train, y_train)

Dut[53]: RandonForestRepressor()
In [5]: y.pred = reg rf predict(X test)

[0 [5]: reg rf.score(X train, y train)

DUR[55: 0 S54GBS

n [56]: reg rf.score(X test, y tost)

Jut[50]: 6. 794431113250008

In [37]: sns.distplot(y test-y pred)
plt . show()

Fig. 4.4 Fitting Model Using Random Forest

Dropping the Price column as it is of no use

data = train_data.drop(["Price"], axis=1
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CHAPTER 5: CONCLUSION

5.1 Conclusion:

In the proposed paper the overall survey for the dynamic price changes in the flight tickets is presented. this
gives the information about the highs and lows in the airfares according to the days, weekend and time of the
day that is morning, evening and night. also the machine learning models in the computational intelligence
feild that are evaluated before on different datasets are studied. their accuracy and performances are evaluated
and compared in order to get better result. For the prediction of the ticket prices perfectly differnt prediction
models are tested for the better prediction accuracy. As the pricing models of the company are developed in
order to maximize the revenue management. So to get result with maximum accuracy regression analysis is
used. From the studies , the feature that influences the prices of the ticket are to be considered. In future the

details about number of availble seats can improve the performance of the model.
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