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This report investigates the design and implementation of a more advanced automated system aimed at trans-

forming airport operations through advanced baggage drop-off and boarding pass generation for passengers. Es-

pecially on public holidays or any festival, it will be helpful in removing the queues in airports for check-in and

boarding-pass generation, which will save much time and make it faster; due to a straightforward interface, there

will be less interaction with airport staff and the luggage mishandling will be less. The fundamental objectives of

the project include creating a user-friendly and responsive self-check-in kiosk that integrates Internet of Things

(IoT) technology for a seamless baggage handling experience. An innovative function of the device is the inclusion

of a camera that captures pics of the luggage and saves it with the passenger’s data and prints a QR code on the

passenger’s boarding pass; by scanning the QR code, passengers can see the pictures of their baggage. The QR code

improves safety and guarantees the green tracking of baggage. Furthermore, this system is for general purposes,

which allows all the travelers of different airlines to use a single system for check-in and generating their boarding

passes. This method will optimize space utilization at airports and cut down operational fees. The reason for the

report is to feature the development of a 􀅫lexible, scalable, and steady kiosk machine appropriate for both vast

and small airports, accepting weighty luggage and catering to the desires of diverse airlines. Implementing an IoT

system ensures a streamlined check-in method, signi􀅫icantly improving the tour experience for passengers. The

record concludes that the generalized luggage drop-off system not only offers operational performance but also

sets a brand-new trend for automated airport offerings.

© 2024 The Author(s). Published by TAF Publishing.

I. INTRODUCTION

In this era of technology, airport self-check-in and luggage

drop-off systems are the primary choices for the different

airlines at the airports. With the combination of software

and the Internet of Things (IoT), this system is effective for

all big and small airports. The purpose of this generalized

system is to save time and ensure ef􀅫icient travel experi-

ence for passengers through all the airlines with a single

machine [1, 2]. The well-organized design of the modern

kiosks can be impactful for travelers to avoid the lines dur-

ing check-in and dropping their luggage. This systemallows

passengers to self-check in, weigh their luggage, print lug-

gage tags, drop their luggage at conveyor belts and print

their boarding passes [3, 4]. Travelers can weigh multi-

ple bags under certain conditions and print their luggage

tags many times [5, 6]. Passengers can also pay for the ex-

tra weight if they are willing to pay; otherwise, they are

allowed to reduce the weight of their luggage to meet the

minimum allowedweight capacity. Multi-ticket holders can

weigh their luggage at all, and the net weight will be calcu-
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lated [7]. To increase security and reduce the damage and

mismanagement of the luggage, this system takes a picture

of the luggage, prints it on the boarding pass, and saves it in

the database with the passenger’s details [8, 9]. The main

advantage of the system is that it makes airports human-

less, saves the time of travelers, and provides them with an

ef􀅫icient and effortless way with the help of a user-friendly

and responsive design of the system, which caused its suc-

cess [10].

A. Problem Statement

The current system (kiosks) is designed for a speci􀅫ic airline

[11]. If every airline contains a separate machine at the air-

port, it will be expensive. The individual machine for each

airline not only holds too much space in the airport, but

passengers also face many dif􀅫iculties, such as 􀅫inding the

airline's drop-off system [12]. The main problem of saving

time has not been solved for those airports that have only

one drop-off system for each airline. Passengers must wait

in line to check in and drop off their luggage, just like the

manual system [13]. Many passengers complained about

the mismanagement of their luggage. Most passengers are

right, but sometimes they try todamage the imageof the air-

line and claim that the airline staff damaged their luggage,

which was already damaged [14]

RELATEDWORK

B. Usability Evaluation of Airport Self-Service Kiosks

This paper values the serviceability of self-carrier kiosks

(SSKs) at airports, focusing on their device and purchaser

interface. Using a case has a test method; the authors con-

ducted surveys and observational studies at a number one

airport to recognize passenger evaluations with SSKs. The

study determined numerous usability issues, together with

the complicated interface, dubious commands, and insuf􀅫i-

cient remarks mechanisms. The authors cautioned layout

enhancements to decorate the patron revel, which embod-

ies a much less complex interface, the use of excellent in-

tuitive icons, and real-time assistance through interactive

help capabilities [15].

C. Universal Check-In Systems in Airports

These studies explore the idea and implementation of com-

plete check-in systems at airports, which allow passengers

to check inwith any airline in a single, standardizedmanner.

The researcher analyses the central blessings of such struc-

tures, consisting of reduced equipped times, progressed

performance, and more passenger pleasure [16]. They ad-

ditionally communicate the technical and logistical chal-

lenges involved in integrating various airline systems right

into a widespread platform. The paper concludes that, at

the same time, common test-in systems provide big bless-

ings, and an achievement implementation calls for care-

ful planning, collaboration among stakeholders, and robust

technology infrastructure.

D. Enhancing Baggage Security with Image Recogni-

tion Systems

This journal explores using photo recognition structures to

beautify luggage protection. The authors explain the equip-

ment inside the lowerbackof photo recognition, concerning

machines getting to know algorithms and immoderatereso-

lution cameras, and the way it could apply to 􀅫ind banned

devices in bags [17]. The paper gives a case study of an

airport that achieved a picture recognition tool, highlight-

ing the enhancements in detecting accuracy and processing

pace. The authors also bear in mind the annoying situa-

tions of making use of such systems, together with privacy

concerns and the need for nonstop updates to the recogni-

tion algorithms [18]. The study concludes that while pho-

tograph recognition systems substantially beautify safety,

their achievement depends on cautious implementation

and ongoing protection.

E. QR Code-Based Information Systems In Airports: An

Implementation Perspective

This paper investigates the implementation of QR code-

primarily based records structures in airports. The authors

explain how QR codes can be used to provide passengers

with real-time records, which include 􀅫light status, gate ad-

justments, and luggage claim info [19, 20]. The analysis

consists of an in-depth evaluation of the technical neces-

sities for enforcing such structures, such as QR code tech-

nology, scanning infrastructure, and records management.

The authors present case research fromairportswhichhave

successfully deployed QR code systems, demonstrating im-

provements in passenger statistics dissemination and de-

light [21]. It additionally discusses demanding situations,

ensuring the tremendous availability of QR code readers,

and maintaining up-to-date statistics.

F. ReducingBaggageMishandlingWithAutomated Sys-

tems

This paper specializes in the role of automatic structures

in reducing bag mishandling at airports. The authors ex-

amine the motives of baggage mishandling and the way au-

tomation can deal with one’s problems [22]. They assess

various computerized structures, which include RFIDmon-
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itoring, automatic sorting systems, and actual time mon-

itoring equipment. Case studies at airports have accom-

plished those technologies presented, showing good-sized

discounts on mishandling fees and associated expenses.

The paper also reviews the annoying situations of enforcing

computerized structures, such as excessive initial invest-

ment and the need for employee training. The authors end

by saying that while automation gives widespread bless-

ings, it calls for cautious planning and ongoing help [23] .

G. Research Gap

There is a need to develop a universal system that seam-

lessly integrates with all airlines and airport functionali-

ties, and the implementation of the camera on a system de-

creases luggage mishandling. This system would address

the current limitations of divided technologies by providing

a single system for passengers, regardless of their chosen

airline:

• There is a need to develop a general-purpose system

that can be accessible by passengers of any airline.

• The system is required to enhance the reliability and

accuracy of the self-check-in system.

• Implement a camera on the system that captures the

images of luggage and addresses associated privacy

concerns.

• A user-friendly design is missing from the traditional

methods; hence, a responsive interface for the system

is required to improve user acceptance.

II. METHODOLOGY

This section covers all the techniques, methods, and tools

for creating this project. Firstly, wewill discuss the needs of

this project. It is an automatic baggage drop-off and board-

ing pass generator for travelers. It helps the passengers to

save their time and money and provides an intuitive and

universal experience. It also allows airports and airlines to

manage passenger traf􀅫ic at peak times. Our project objec-

tive is to create a system that provides a user-friendly in-

terface for passengers to check in and print their passes,

like bag tags and boarding. We also integrate a camera that

captures the baggage image and combines it with passen-

ger details. A general-purpose system is introduced that

can access any passenger of any airline without any prob-

lem. Todesign anddevelop this system,weneed a scanner, a

weigh conveyor, a camera, a thermal printer, a display panel,

and an application that operates. The scenario of operation

is that a passenger comes to the airport and 􀅫inds the ma-

chine. After coming to the machine, it scans the documents

the scanner; if the data is valid, the system processes and

shows the passenger de, it After the check-in, the system

asks for baggage; if passengers have bags, the system pro-

cesses the weight measurement and measure the weight if

condition is meet to passenger detail, system generate the

bag tags and move for boarding pass generation. If condi-

tions do notmeet with passengers allowweight system dis-

play for overcharges. A person pays the charges, and then

the system generates the bag tags andmoves on; otherwise,

it shows an alert for matching conditions. This entire sys-

tem is based on hardware and software, so we are using

this tool and method for design and development. We are

using the ESP32Microcontroller to connect hardware com-

ponents to software applications. A Low-device driver is

installed in the microcontroller using Python libraries that

help integrate system components. This microcontroller

has a built-in Wi-Fi and Bluetooth module and is used to

transfer the data from input devices to the display panel and

database. A weigh conveyor load cells connected to HX711

amplify that convert the measured load into binary form

and further connected to ESP32, while an ESP32 Cam is also

connected to this controller. All the actions are triggered by

the application that sends the signal to the controller that

helps to perform the task of different components. A sys-

tem application base on HTML, CSS, and Python language,

and it is a library with a small database. We also consider

the non-functional requirements like system scalability, ac-

cessibility, reliability, security, and maintenance and updat-

ing.

Fig. 1. Circuit diagram
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Fig. 2. System Design

The implementation of the Enhanced Airport Operations

system has revealed signi􀅫icant advantages and implica-

tions for airport management. This innovative solution has

the potential to transform how airports manage check-in,

baggage drop-off, and passenger 􀅫low. Here is a comprehen-

sive look at the key 􀅫indings:

A. Operational Ef􀅲iciency

The main objective of this system was to boost operational

ef􀅫iciency, particularly during peak travel periods. By au-

tomating the baggage drop-off and boarding pass genera-

tion, the system dramatically shortened the time passen-

gers spend waiting in line. In tests, passengers completed

their processes in an average of 3-5 minutes, compared to

the usual 15-20 minutes with manual systems. This time

savings is especially crucial duringbusy travel seasons, such

as holidays, where it can signi􀅫icantly alleviate congestion

and improve the passenger experience. Given the increas-

ing number of travellers, this scalable solution equips air-

ports to manage more traf􀅫ic effectively while reducing de-

lays.

B. User Experience

Participants in the tests were impressed by the system’s

user-friendly design. The interface effectively guides pas-

sengers through the check-in and baggage drop-off steps,

allowing 95% of users to complete the process indepen-

dently. This represents a major improvement over existing

systems, which often require staff assistance. A smoother,

easy-to-navigate experience is vital for improving customer

satisfaction in the aviation sector. With lessneed forpassen-

ger interactionwith staff, airport personnel can concentrate

on more complex tasks like security and customer service,

thus enhancing the overall service quality.

C. Security and Luggage Tracking

A standout feature of the system is its use of image cap-

ture technology that connects luggage images to passenger

data. This not only enhances baggage tracking but also re-

duces the likelihood of lost or mishandled luggage. Passen-

gers can view images of their bags via a QR code on their

boarding pass, adding an extra layer of security. This inno-

vative method is particularly bene􀅫icial for addressing the

ongoing challenges of baggage mishandling, a common is-

sue in almost every airport around the globe. The combina-

tion of image-based tracking and QR codes fosters a more

secure and transparent process for both travellers and air-

lines, boosting passengers' con􀅫idence in the handling of

their belongings.

RESULTS

The analysis of the results from the developed system indi-

cates that the system successfully addresses several chal-

lenges in airport operations which will increase the pro-

ductivity of airports across the globe. The following shows

the key 􀅫indings of our developed system. The automated

system signi􀅫icantly reduced the time passengers spent

on check-in and baggage drop-off processes. On average,

each passenger saved 3-5 minutes compared to traditional

check-in methods, particularly during peak travel periods.

This was achieved through seamless integration of the lug-

gage weighing, image capture, and boarding pass genera-

tion processes. By replacing multiple airline-speci􀅫ic ma-

chines with a single generalized system, the space utiliza-

tion at the airport was optimized. This not only saved valu-

able spacebut also reduced infrastructure costs for airports.

The inclusion of the camera and QR code feature improved

baggage security. By associating luggage images with pas-

senger details and making them accessible via QR code, the

risk of baggage mishandling and theft was minimized. This

system provides real-time tracking and increased trans-

parency, reassuring passengers of the security of their be-

longings. The automated nature of the system signi􀅫icantly

reduced human errors. For example, the weight measure-

ments were consistent, and no instances of luggage being

misdirected due to incorrect tagging were reported.

III. CONCLUSION

In conclusion, this research underscores the transformative

ability of automation in airport operations. The 􀅫indings

discover that deploying automated systems can extensively

enhance performance, lessen ready times, improve passen-

ger pleasure, and lower operational fees. Signi􀅫icant to
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those outcomes is a person-targeted design that prioritizes

patron pleasure and the integration of common test-in sys-

tems, which enable the use of the identical system through

passengers of any airline. Additionally, using picture seize

technology offers superior securitymeasures. However, de-

manding circumstances together with technical reliability,

system integration, and passenger reputation maintain to

be vital areas that need centered thought to make sure a

hit implementation of upgraded computerized structures in

airports.

Contributions to the Field

This research provides several signi􀅫icant contributions to

the 􀅫ield of automated airport systems:

User-Friendly System: We have designed a user-friendly

interface in our system which will help the passengers to

navigate with the system without any guidance.

IoT Integration: we are integrating Internet of Things

(IoT) technology into our system to enhance the function-

alities of luggage weighing and capturing the pictures, lug-

gage tag printing, payments for extra weight, and genera-

tion of boarding-pass. This IoT-based approach ensures a

streamlined and ef􀅫icient process in an airport.

Secure LuggageHandling: Ourmodern approach includes

installing cameras in the kiosks to take images of luggage,

which are uploaded with the passenger data and can be ac-

cessible through QR code which will be printed on the pas-

senger boarding-pass. This technique addresses security

concerns and adds an extra layer of authentication.

Enhanced Flexibility: The system allows travelers to print

luggage tags multiple times for multiple bags within the al-

lowed weight limits or for overweight bags after paying the

extra charges, adding 􀅫lexibility for passengers, and remov-

ing any external guidance of airport staff.

Generalized System forAll Airlines: Amajor involvement

in the development of a generalized system that can be used

by passengers of all airlines through one system, includ-

ing multi-ticket holders on a single booking number. This

feature ensures broader applicability and convenience for

travelers and makes it easier for travelers to check-in and

generate their boarding-passes by themselves.

IV. FUTURE RECOMMENDATIONS

We have proposed several suggestions for future studies

and development of automated airport systems:

A. Accuracy and Reliability

Enhancing the accuracy and reliability of self-check-in sys-

tems is crucial. Because frequently using the system may

require maintenance of the system automatically when

needed. Future studies should explore advanced technolo-

gies and algorithms that can make alerts of system mainte-

nance required and overall improve system performance.

B. Privacy and Usability

Focusing on privacy and usability remain vital concerns in

specially languages. Applying machine learning to identify

the shape of baggage and print tags accordingly, and using

IoT for automated tagging of luggage and double-check and

requires con􀅫irmation from passenger which will ensures

the data security.

C. Security of Health

Integrating health security measurements of a passenger,

such as fever check thermometers, integrated into auto-

mated systems can provide considerable assistance, espe-

cially in addressing global health issues like pandemics.

D. Implementation of AI

Nowadays passengers want more interactive kinds of

things, mostly cross communication channels like AI voice

agent. By implementing arti􀅫icial intelligence like chatbot

or voice assistant, it will make the system more interactive

and 􀅫lexible for the users. Furthermore, voice assistants can

work as a queries solver and by using it as multilingual, it

will be easy to use by every language speaker.
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