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ABSTRACT

In this paper, a mobile application for luggage tracking system to track a misplaced or stolen
luggage is designed. The application is to help traveller to track their misplaced luggage or
stolen in public places. The luggage tracking system is a prototype of device tracker using a
GPS and NodeMCU which will be kept inside a luggage. The device will be tracked via GPS
satellites and send the data to the GPS module, and the luggage's owner will be informed of its
whereabouts through the mobile application. The luggage tracking system uses wireless
communication, which is Wi-Fi with the assistance of a microcontroller for location
transmission. This project system also includes a mobile application to track and trace the
luggage’s position using Google Map with a marker on it.
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1. Introduction

Nowadays, there are many people who travel from one place to another place. The Statistics
Malaysia Department reported that the number of travellers increased from 7.7% in 2019 to
8.1% in 2019. This illustrates that many travellers love to carry important stuff such as jewellery,
documents, camera, and other valuable stuff. They'll keep all the valuable stuff in their luggage.
We have an instinct, as human beings, to protect our valuable items from burglary. People wants
to secure their important things in the luggage but there might be a chance of losing the luggage
or stolen in the public places like airport, bus station and railway.

Furthermore, from time to time, mishandled baggage at the airport has increased.
Traveler did not know that their luggage was missing until they had not able to retrieve their
luggage despite waiting for a long time. So, it's necessary to track down the luggage in case of
loss or burglary. There are a number of tracking systems, as we know, and devices have already
been developed, such as car tracking systems and person tracking systems.

When people travel around the world, in public places such as the airport, bus station,
and train station, they will not notice the loss of their luggage because they were occupied,
luggage is stored in the allocate with their boarding ticket or transportation status. Besides, there
are some possibilities of people get robbed at the airport or accidentally exchanged their
baggage without noticing it. According to Goldsten (2017), the Daily Mail stated that there
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were more than 200 baggage robberies a day at NY’s JFK airport. The airport workers were
behind robbery, Daily Mail also said, and the airline company merely announced the luggage
as missing. Therefore, this incident lead people to lose their luggage with the important stuff
inside the luggage in airport and other places and may not be able to retrieve it back.

In this paper, we propose a prototype to track the location of the misplaced or lost
luggage. This project aims to develop a prototype of a personal device tracker utilizing GPS
and NodeMCU. The device will be placed in the baggage and will be used to track the luggage
using a GPS module. The precise position of the luggage will be displayed on a map using the
Tracking system application, which is already installed on the user's mobile phone. The
following is a breakdown of the paper's structure: The related work is presented in Section 2.
The prototype's system architecture is explained in Section 3. The testing technique is then
described in Section 4, followed by a discussion of the results in Section 5. The paper concludes
with a discussion of the limitation of the prototype.

2. Related Work

A tracking system is a system used to track objects or significant items. A tracking system is
now an important tool for industries who want real-time information such as luggage, car, an
individual, or merchandise about their stuff. The system helps the organization to operate
smoothly and efficiently. For example, the oil and gas company are implementing the system
because it contributes to future operating cost savings. An ideal system regularly updates the
location, elevation, and range of the target.

The luggage tracking system is a tracker for personal devices that can be used by
anyone to locate and monitor their luggage. Mostly, people in public places such as airports,
trains, and station buses will lose or misplace their luggage. There may even be a risk of stealing
objects or luggage. This device used GPS technology to control the items and GSM technology
to alert the luggage owner where the luggage was placed.

Traditionally, police or civilians will check for missing or lost luggage by asking others
near them or monitoring and looking at CCTV footage. Also, airlines use RFID or a barcode to
monitor each luggage at the airport. It has been used to identify automated toll collection, access
control, surveillance, equipment monitoring, and other applications. RFID stands for Radio-
Frequency Identification. Although the airport has also introduced barcodes to sort, register,
and classify the luggage of people. However, there are also drawbacks to the barcode system,
such as a significant volume of mishandled baggage at the airport. After the RFID device is
used by airline companies, the amount of mishandled luggage will dramatically decrease.

In addition, some organizations use Bluetooth beacons, QR codes, RFID and Wi-Fi to
track and monitor the luggage of people at airports. For example, Senthilkumar et al. (2017)
have designed a luggage tracking system by using a GPS shield and GSM module and has an
alarm to detect the lost luggage. This project has one specific feature: if the bags go out of a
specific range or move far away from the owner, the alarm will ring loudly and the owner will
be alerted where the bags are placed.

One project based on Radio Frequency Identification (RFID) technology to track
objects Devaki et al. (2019) because of its uniqueness which is can be used everywhere either
at the airport or smart city. The smart RFID tag stored certain amount of data that can be used
in identification to prove that is the owner of the luggage. The developer of this project is used
a passive RFID for luggage identification. The RFID reader will read the smart RFID card with
its unique number and owner details that attached to the luggage.

Another researcher has been developed a tracking system by using the combination of
RFID and GPS module. Karthick et al. (2017) developed a tracking device with the aid of the
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GPS Module and RFID tag attached to the bags luggage. The author uses a fingerprint that is
better than biometrics such as voice recognition, which is not quite reliable, to lock their
luggage. The owner must scan the fingerprint on the scanner to open the luggage and the
scanner will align the fingerprint with the registered fingerprint. If an unauthorized person
accesses the luggage, the warning sounds and the device immediately sends the location of their
luggage via SMS to their cell phone. An RFID tag with a special tag ID and an ID saved in the
cloud is available for each luggage.

Research used Wi-Fi and finger fingerprint technology to develop a smart wearable
real-time airport tracking. For example, a project Ghazal ef al. (2016) designed a tracking
system that has a smart tag that can be charged and conveniently placed in the luggage of
consumers. This project interacts over Wi-Fi between the computers and the database server.
Notification will be sent to smartphones and smartwatches of customers, if their baggage has
yet arrived, the information will consist of location and expected arrival time (ETA). If the
location suits the traveller’s final destination, the smart tag will reflect its current location. The
device would align the two positions with k-Nearest Neighbour (k-NN) (Ghazal et al., 2016).
For localization, the RSS of the smart tag is sent every second to the server. Until the tag is
switched off as the owner gets the luggage, this radical pattern persists. This method is referred
to as Wi-Fi fingerprinting and is used to localize the proposed system indoors.

Another research related to short range tracking system Adjei et al. (2020) has created
a low power consumption real-time system which uses only a 5V battery and is very portable.
Using a Bluetooth module and a GPS module, this real-time gadget can detect the missing stuff
in real-time. At first, the device’s Bluetooth are combined with the user smartphone’s
Bluetooth, if the connections get disconnected the device will send the user a call that is
something like a warning; meaning that if the user does not see the message containing the
location for some reason, this call draws attention of the user to their smartphones.

3. Methodology
3.1 Proposed Design
This segment would emphasis on the designing of the circuit diagram for the Arduino

microcontroller, the proposed system block diagram, the proposed system flowchart, and the
mobile application interface.
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3.1.1 Circuit Diagram
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Figure 1. Luggage Tracking Device Circuit.

3.1.2 Block Diagram
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Figure 2. Block Diagram of System.

The proposed block diagram where the real-time GPS device tracker will be kept in the luggage.
Figure 2 represents the system block diagram. The proposed system includes a GPS module, a
microcontroller and a battery.
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3.1.3 System Flowchart
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Figure 3. System Flowchart.
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This project begins with uploading the application code to the NodeMCU v2 after it has
established a Wi-Fi connection. The device tracker requires at least four satellites to measure
the location. Satellites provide location information in the form of radio waves to the GPS
receiver. It will send the coordinates to the GPS receiver if there is a valid location data. If there
no valid location, it means that the GPS have not get the signal from satellites yet. After that,
the GPS module will send the data to the microcontroller, which will automatically store the
GPS coordinates in a database for used.

In order to track their luggage, the user must first log onto the mobile application. The
database will contain all user information, such as email and passwords. When users click the
Location button, a Google Map with a marker appears.

3.2 Proposed Design
3.2.1 NodeMCU V2

The ESP-12E module has an ESP8266 chip with a Tensilica Xtensa 32-bit LX106 RISC CPU.
This microprocessor is RTOS compatible and has a clock frequency range of 80MHz to
160MHz. NodeMCU is an open-source Lua-based firmware and development board designed
specifically for Internet of Things (IoT) applications.

Figure 4. NodeMCU V2.
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3.2.2 GPS Modem (Neo-6m GPS)

NEO-6 module series is a family of stand-alone GPS receivers using the high-performance u-
blox 6 positioning engines. It comes with tiny battery that can be easily integrated with
microcontrollers for board selection. Built-in EEPROM and hot-start. A high-performance GPS
module with patch antenna and an on-board memory chip also provided.

Figure 5. Neo-6M GPS.
33 Software Requirements
3.3.1 Arduino IDE

The Arduino IDE is an open software that, like the Arduino Uno board, is used to compile the
program and load it into the microcontroller. The Arduino IDE is a cross-platform framework
written in both C and Java programming.

3.3.2 Firebase Real-time Database

Firebase is the development platform for mobile apps from Google that will assist the developer
to store, enhance and expand their product. The real-time database of Firebase is often referred
to as cloud-hosted NoSQL. Firebase has a special function where data can be saved and
synchronized in real-time between users.

3.3.3 Android Studio

Android Studio is Google's Android Operating System Optimized Development Environment
(IDE). The Android studio can operate with any operating system, such as Windows, Apple
and Linux. Android Studio offers developers a well-stocked toolkit that supports the Google
Cloud Platform for designing Android software apps or other projects.

3.3.4 Flutter Framework

Flutter as an open-source platform for scripting and developing native Android and iOS apps.
Flutter offers simplicity of programming with native-like performance, all while retaining
visual consistency across platforms. Dart is the programming language used by Flutter. Dart
was created to be a substitute for JavaScript.

4. Result and Findings

4.1.1 System Prototype Model

A prototype has been developed to illustrate how this Mobile Application Luggage Tracking
System using GPS module and NodeMCU.
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Figure 6. Device Tracker Prototype.

A tangible prototype model based on the luggage size has been constructed, as shown in figure
6. The NodeMCU, GPS module, and LED are used in this prototype. The rationale for using
NodeMCU for this device tracker is that it has 128KB RAM, whereas the Arduino Uno only
has 2KB RAM. Furthermore, while NodeMCU has a micro-USB port and UNO has a USB
type B connection, micro-USB cables are more readily accessible than USB type B cables.
Since the NodeMCU development board is smaller than the Arduino Uno, it suitable for the
device tracker and packed in a box and carried in a suitcase.

4.1.2 System Prototype Model

This Mobile Application Luggage Tracking System's mobile application UI design. The system
interface, the registration interface, the login interface, the profile interface, the location
interface, and the main interface have all been successfully developed. This user interface was
designed to make the application as easy to use as possible. This project's interfaces are depicted
in the diagram below.

Welcome To LUGA Tracking System

Figure 7. Welcome Screen Interface. Figure 8. Welcome Screen Interface.

The mobile application, LUGA Tracking System, appears on the welcome screen,
which is the first thing a user sees when they start the application. This screen will be displayed
for five seconds before entering the application's login interface.
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The login screen for users to access this application is shown in Figure 8 above. To
access the main interface of this mobile application, the user must first input their email address
and password, then click the sign in button. To use this application, the user must have a valid
email address and a password of at least 6 characters. If the user does not meet the email and
password validation requirements, a warning message will appear advising them to use
appropriate email and password.

Figure 9. Register Screen Interface. Figure 10. Home Screen Interface.

The register interface is shown in Figure 9. The user must first provide their full name,
email address, and password before clicking the register button, which will register all of the
user's information for this application. To register in this system, the user must use a valid email
address and a password with at least 6 characters. All user information will be saved in firebase
authentication so that the user may continue to utilize the LUGA tracking system.

Figure 10 show the main interface for this mobile application interface design. Once
the user login in to this application the main page or home page will appear. This main screen
shows the current data of the user profile and location of the luggage. The user can choose the
menu by clicking the card and it will lead the user to another page. In this system only two
buttons will work which is Profile and Location button.

Figure 11 below shows the profile screen of the user. The user’s data that have been
stored in firebase authentication is fetched and will be displayed in this interface. If the user
wants to go to other interfaces or pages, they can click the home button at the app bar above, it
will bring the user to the home page. If they click the sign-out button, the user will log out from
this application.

The position of the luggage is depicted in Figure 12 using real-time data. In this part, a
map has been created utilizing Google Services, specifically the Geolocation API, to assist users
in locating their luggage. The map depicts the position of the device tracker that is installed in
the luggage and allows the user to locate their belongings using this app. The map will display
the position of the luggage on the map along with the phrase "Find your Luggage here,"
allowing the user to go to the indicated area to recover their luggage. The user may modify the
camera location or the direction in which a vertical line appears on the map by clicking the
green button at the bottom of the application. The red button, on the other hand, will display
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the position of the luggage on a large-scale map. For example, it will display the current status
of the location so that the user can see where their luggage is.

Find your Luggage here

NAME: Nurul Fitriah

EMAIL: fitriah@gmail.com

Figure 11. Profile Screen Interface. Figure 12. Tracking Interface.

4.2 Testing Phase Result

Functionality testing is used to ensure that a software programme meets its design criteria and
works as expected. Inserting the input and checking the output data of the device tracker will
be used to evaluate the project's functionalities. This test is performed to check that the
application meets all of the criteria. This sort of testing is required and should be performed
regardless of the type of application.

4.2.1 Mobile Application

Figure 13 below shows that one of the coding for buttons and app bar or navbar that contain
home button, back button and sign out button. Also same goes to other screens, such as the
profile screen, location screen, and home screen, which all include a card widget that may be
clicked. As aresult, when the user hits any of the mobile application buttons, such as the sign-
in, sign-out, register, and other buttons, they all operate properly.
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print

Figure 13. Coding for Mobile Application Feature.

4.2.2 GPS Module and Location Detection

latitude = gps.l tion.lat():
longitude = gps.l tion.lng():

print (latitude, €);
nt (" "):
(longitude, €);
nQ):
Float (firebaseData, path + "
loat (firebaseData, path + "

", latitude);
", longitude);

Figure 14. Coding for GPS.

On the Arduino IDE Software, Figure 14 illustrates the code for a GPS module to identify the
location of the luggage. The GPS capability is programmed using the C programming language.
If valid location data is received, it will show the coordinates or a GPS reading message on the
serial monitor. Converts decimal degrees to degrees, minutes, and seconds, and displays
position information in latitude and longitude on a serial monitor.

The loop () function will provide enough time for the location data to be read. While
data is accessible on a serial connection, encode data read from GPS. Encode is used to parse
the string received by the GPS and store it in the buffer in order to retrieve information from it.
The data from NodeMCU will be push to Firebase Realtime Database.

Figure 15 below shows the output of the device tracker after the program code for this
project has been successfully uploaded. It shows the coordinates of the device tracker in 6
decimal places. But before that, the microcontroller needs to connect to Wi-Fi first and it will
be able to detect location. The GPS locate or measure the position and display the location in
one second before it updates new coordinates.
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Figure 15. Coordinates of the Detected Location on Serial Monitor.

4.2.3 Firebase Realtime Database

LUGA tracking system ~

Realtime Database

Data  Rules  Backups  Usage

Q Protect your Realtime Database resources from abuse, such as billing fraud or phishing

(<)

longitude: 181.48138

Figure 16. Firebase Realtime Database.

When the device tracker is turned on and the GPS receiver is successfully connected to
satellites, the device tracker is ready to use. As illustrated in Figure 16, it will be able to identify
the device's position and process the data into the Firebase Realtime Database. The information
is based on real-time latitude and longitude data received from satellites. Until the device
tracker is turned off, the data will continue to update its latitude and longitude. Even if the user
goes to a different place, the latest location can still be updated. This information will be
displayed in the Location Screen mobile app.

4.3 Project Limitation

The limitation of this project is as below:

o The device tracker can only send data to a database that is connected to the internet
or via Wi-Fi.

o Because the GPS can only identify locations to a 3-meter precision, it is not
particularly accurate.

o The system can only identify location when an internet connection is available.
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5. Conclusion and Future Recommendation
5.1 Conclusion

The development of luggage tracking Mobile application system using flutter framework has
successfully completed in order to achieve its objective. This proposed project presented a
device tracking system with and Android application via GPS module and NodeMCU. The
purpose of this project is to develop a tracking device which is use to for people who get
frustrated while losing or misplacing their luggage.

The proposed system’s tracking device is a basic device model that describes about
tracking a luggage that interface with Android mobile devices to locate the luggage using
android application with the help of microcontroller and Global Positioning System (GPS)
module. NodeMCU helps to transmit the latitude and longitude coordinated that tracked via
GPS module and acts as an input medium. The received signals will be transmitted to the
android application through input message and the luggage will be tracked. Experimentation
has been done and map have been created with Google Map APIs in order to track the location
of the bags which are misplaced and lost. The results show that the Mobile Application Luggage
Tracking System with GPS and NodeMCU is a success

5.2 Future Recommendations

In the future, the study should broaden its research scope to include the GPS module in
order to improve accuracy while attempting to locate luggage. Although this system has
evolved and provided some functionality to the user, it still needs to enhance the functionality
of the mobile application and the device tracker. There are a few recommendations for future
works, including specifying the address of the location on the Google Map so that the user can

easily find their luggage and recording a location history where the user can monitor their
pervious history of luggage location.
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