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Abstract: Due to the widespread use of smart devices in today’s so-
ciety, conventional suitcases are no longer adequate for the require-
ments of the average traveller or resident of this era. Many passen-
gers have complained about lost luggage, exhaustion from looking
for their bags once they’ve landed, and a lack of adequate power
outlets on the plane. The stm32 and GPS modules form the basis of
this design, which is then operated via a mobile phone application to
facilitate human-computer interaction and enable intelligent control
of the suitcase. The three features of the smart suitcase are as fol-
lows: First, Bluetooth secure unlocking can be performed at a short
distance via the mobile phone’s app, removing the need for the user
to memorise a password or carry a physical key. Two, we can tell
how far away you are and we won’t forget your suit case. Smart In
the event that a traveller forgets their bag but their suitcase is nearby,
a notification will be sent to their phone. There is no need to spend a
long time looking for your suitcase when you are waiting for it next
to an airport conveyor belt. Third, the GPS location feature on this
bag requires only a negligible amount of data transfer when com-
municating with the server. To prevent the loss of the suitcase and
facilitate the retrieval of the user’s belongings if the suitcase were
to be stolen, the user’s mobile phone terminal need only connect to
the server and request the losuitcase the suitcase. For added peace
of mind, the smart suitcase is equipped with a safety alarm that will
notify the user’s loved ones if it does not receive the appropriate
instruction within the allotted time.

Keywords: 10T technology, smart suitcase, STM32 microcon-
trollers, GPS, and bluetooth.

1. Introduction

Due to the difficulty in getting around, few people used to
travel. The advent of new machines during the Industrial
Revolution [1, 2], however, cut down on our travel times
and eliminated some of our options. The suitcase is a trav-
eler’s best friend—and worst enemy. Lost luggage and other
baggage-related headaches are common complaints. This ar-
ticle presents a design for a smart suitcase that runs on a so-
phisticated operating system. Connecting with mobile apps,
it optimises and improves the features of conventional suit-
cases by using gravity sensors, a GPS module [3-5], Blue-
tooth [6], and a WiFi module [7-9]. Travel. Most smart suit-
cases have features that are meant to address common issues
that travellers face, such as losing or misplacing luggage, be-
ing overweight, needing to charge electronics while on the
go, locking and unlocking, etc.

The "durable and durable" qualities of traditional suitcases

used to be more prominent, and the cases all looked the same
with no distinguishing features. This shift in functionality is
a result of the "smart" application model of the mobile Inter-
net’s entry into the suitcase market [10, 11]. As sophisticated
computational software and hardware have advanced, those
early concepts have become increasingly feasible. Features
previously unavailable on the smart suitcase are now possi-
ble, including the ability to track the suitcase’s weight, loca-
tion, and opened position, charge wirelessly while on the go,
and lock and unlock with the touch of a button.

2. Background

Thanks to modern technology, we no longer have to worry
about our luggage at any point during our journey. The smart
suitcase revolutionises the travel industry with convenient
features like remote lock systems, USB ports [12, 13] for
charging electronic devices, and built-in GPS trackers. De-
veloping the software requires knowledge of C programming
[14, 15]. The purpose of the design goals for this paper’s
smart case is to provide a number of useful options.

¢ Smart lock and unlock: When the user moves further
away from the suitcase than a predetermined safety dis-
tance, or if the Bluetooth connection is cut off and the
suitcase is forced to unlock, the user is notified on their
phone.

* Built-in electronic measuring device: The smart bag
incorporates an electronic measuring device. After
packing, the user need only raise the bag’s handle; the
accompanying smartphone app will immediately relay
the bag’s contents and its weight to the user’s device.

* Automatically follow: When the user turns on the sig-
nal transmitting device they are carrying and move to a
certain distance from the suitcase, the signal receiving
device on the suitcase detects the transmitting device,
performs simultaneous signal processing, and adjusts
and generates the device. Adjust the wheel’s pointing
direction and the suitcase’s engine’s throttle to propel
the bag in unison in the desired direction.

¢ Infrared obstacle avoidance: The infrared detector and
signal receiver built into the suitcase’s compartment
can quickly detect and process data about potential
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frontal collisions. Following a thorough evaluation of
the system, the driver can command the motor to ad-
vance, halt, or reverse, and the vehicle will then track
the user’s every move.

* Anti-lost alarm: The security of the suitcase is ensured
by a combination of a password lock, electronic lock,
and customs lock in the smart suitcase. The suitcase’s
integrated SIM card and GPS module enable precise,
real-time tracking.

Based on a review of the secondary sources, it’s clear that
the vast majority of the published research and commercial
offerings have focused on following or positioning functions.
In this article, we will look at how distance detection can be
used in design. One of the features of the smart suitcase is
a built-in distance sensor [16—-18]. Whenever the user’s suit-
case is in range, a notification is sent to their phone. There is
no need to spend a long time looking for your suitcase when
you are waiting for it next to an airport conveyor belt. The
user will notice a significant enhancement with this change.

3. Proposed System

3.1 Main Function Design

* This product’s layout primarily serves three purposes:
intelligent unlocking, avoiding the alarm, and losing
and retrieving. The main control chip is an Stm32,
while the A7GSM/GPRS/GPS module handles GPS
positioning and data transmission via cellular net-
works, and the relay module and electromagnetic lock
are responsible for Bluetooth smart unlocking.

* For the second method, smart unlocking, the Bluetooth
module will send a command, which will be received
by serial port 3 of the stm32. This command will then
be used to toggle the PDO port of the stm32, making
it active or inactive. The default configuration for the
GPIO port is a low-level [19]. Unlocking the suitcase
requires a half-second duration of pulling up on the
GPIO port, half-a-second closure of the relay, and half-
a-second application of power to the electromagnetic
lock.

* Third, an alarm is triggered by an increase in the ab-
solute value of the detected RSSI when the Bluetooth
is connected and the APP is some distance from the
suitcase. An alarm is triggered in the app when it goes
above a predetermined threshold. The PD1 port [20] of
the stm32 can be pulled up or down in response to an
alarm command sent by the APP, and this is done in the
interrupt service program for serial port 3. The GPIO
port’s default state is "high level." The GPIO port is
pulled high whenever the alarm is activated. The alarm
is turned off by making the GPIO port go low.

e Send an AT command to the serial port 2 stm32
A7GSM/GPRS/GPS module to locate. The A7 mod-
ule then feeds the NEMA data it has collected from the
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AT serial port into the stm32 microcontroller. Make
use of the GPRS module and the server to exchange
TCP data and send along any pertinent information.
Once the server receives data, it processes it and re-
turns it in JSON format. The mobile app connects to
the server, pulls the necessary JSON data for position-
ing, and finds the bag.

3.2 Hardware structure

In this configuration, the STM32 serves as the primary con-
trol module, and its serial port is used to implement the vari-
ous suitcase features [21]. Figure 1 shows the overall design
of the smart suitcase Schematic

Figure 1. The intelligent suitcase’s overall design Schematic

3.3 Information interaction structure

The information exchange between the mobile app and the
bag is handled by a server in this setup. Figure 2 is a block
diagram of the information interaction structure.
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Figure 2. Information interaction block diagram

4. Hardware Design

The following is a list of the essential components that would
be used in the proposed system.

4.1 STM32

This layout employs the use of a development board from
the STM32F series. The STM32F105 and STM32F107 are
the "interconnected" variants of the "basic" and "enhanced"
variants, respectively [11, 22, 23]. The STM32f103vet de-
velopment board is utilised in this design due to its low cost
and usefulness in the overall system. The chip is based on
an ARM Cortex-M3 core optimised for low-cost, low-power,
and high-performance embedded applications. Working at
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72MHz, with a plethora of I/O ports, this thing is a power-
house. Comprises two analog-to-digital converters, three 16-
bit timers, one pulse-width modulation timer, two 12C and
SPI interfaces, three USART interfaces, one USB interface,
and one CAN interface. Figure 3 presents the stm32f103vet6
actual picture.

Figure 3. An illustration of the STM 32

4.1.1 Serial port

There are three serial ports total in this setup. To debug the
code on the PC, we use serial port 1. The A7 GSM / GPRS
/ GPS module receives AT commands and GPS signal inputs
via serial port 2. Bluetooth connections are made through
serial port 3. The schematic diagram is shown in Figure 4.
Table 1 displays a schematic representation of IO and serial
port 1.

Figure 4. Schematic for the First Series

Table 1. Serial port layout schematic

Serial port 1 | Serial port2 | Serial port 3
TX PA9 PA2 PB10
RX PA10 PA3 PBI11
Baud rate | 19200 115200 9600

The PL2303 has its TXD and RXD pins connected to the
RX and TX pins of serial port 1 on the stm32f103VET®6, as
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depicted in the stm32 schematic diagram. The USB 232 in-
terface connects the serial port to the computer, mimicking
the appearance and functionality of a standard USB port. De-
spite being able to send data to the Bluetooth module when
connected to the RX and TX pins of stm32 serial port 1, the
stm32 is unable to receive data from the module.

4.1.2 GPIO

The unlocking, alarming, and A7 kernel startup procedures
all make use of the three IO ports designated as function se-
lection IOs in this layout. Table 2 displays the detailed distri-
bution of GPIO Port Allocation.

Table 2. The specific allocation

GPIO PDO PD1
FUNCTION| UNLOCK | ALARM

PD4
A7CORESTART

4.2 A7GSM/GPRS/GPS
Figure 5 shows physical map of A7GSM / GPRS / GPS .

Figure 5. The A7GSM / GPRS / GPS physical map

4.2.1 Dimensions
A7 format, 22.8 x 19.8 x 2.5 mm

e We can work in temperatures anywhere from -30 to
+80 degrees Celsius;

The 850, 900, 1800, and 1900 MHz GSM/GPRS fre-
quency bands;

* One serial port for data download, plus two more serial
ports;

* Standard AT and TCP/IP command interface supported
via AT command port;

Module dimensions of 62 x 43 x 9 mm; support for China
Unicom 2G / 3G / 4G SIM cards; serial communication; de-
fault waveform for GPS location information; AT port sup-
port (only for A7 devices); GPS location information can
be read separately via serial NEMA output (only for A7 de-
vices); 115200 bps is the special rate, with a data bit of 8 and
a stop bit of 1.
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4.2.2 Kernel boot

The A7 module [24], like a mobile phone’s initial startup,
requires a large current to boot the operating system. The
module will fail to start the kernel normally if the supplied
current is inadequate. Therefore, 9V DC is used as the A7
module’s power supply voltage in this design. The A7 mod-
ule is activated by pulling in power via the relay. On-time is
measured in milliseconds.

4.2.3 GPS protocol NMEA-0183

The National Marine Electronics Association (NMEA) cre-
ated the NMEA 0183 standard format for use with marine
electronics. According to this protocol, the gathered GPS
data is organised. By analysing and retrieving the $GPRMC
statement, one can obtain the time and GPS parameters.

4.3 Relay
4.3.1 Specifications
¢ Module dimensions are 53 x 18 x 18.5 mm.

* Weighs 16 grammes net;

* The VCC port is connected to 5V, the GND port is con-
nected to GND, and the IN port is normally open (sig-
nal trigger port).

4.3.2 Function

In this configuration, the relays serve dual purposes: initi-
ating the A7 module’s core and opening the suitcase. The
normally closed end and public end receive power from the
outside world, while the IN port is wired to the stm32’s PD4
and PDO pinouts. The suitcase is unlocked in its initial state,
which is indicated by the GPIO port being low, the GPIO
port being pulled high, the relay closing, the A7 core being
activated, or the electromagnetic lock being closed.

44 BLE4.0

4.4.1 Specifications

The Bluetooth module that was developed is a Bluetooth 4.0
module. It is compatible with Android, Apple, and PC, has a
connection range of 32.8 feet / 10 metres, a response time of
0.4 seconds, and uses an ultra-low standby power consump-
tion of 90uA-400uA. It’s compatible with devices running
Android 4.3.3 and higher. It offers enhanced communication
compared to Bluetooth 3.0.

4.4.2 Communication protocol

The Bluetooth module’s media access control (MAC) address
[25, 26] is used as an identifier in this design for added secu-
rity during Bluetooth data transmission. Users are given a
safe place to talk thanks to this protocol.

5. Software Design

The Bluetooth connection in the software allows for short-
distance information interaction between the mobile phone
and the suitcase, while the GPRS connection transmits the
position signal and the server is accessed for GPS informa-
tion exchange.

IoT & STM3?2 for Smart Suitcase

5.1 Intranet Mapping

The GPS signal of the suitcase is primarily transmitted in this
design via the socket network communication. We talk to
one another via the TCP protocol. Different ports allow the
server to talk to the suitcase and the mobile phone socket
[27]. The problem is that the mobile phone, the server, and
the suitcase are not all part of the same local area network.
Peanut shells are used to generate the intranet mapping, and
the new domain name or IP and port are used to collect and
transmit the data.

5.1.1 TCP Protocol:

The Transmission Control Protocol (TCP) is a protocol for
the Internet Protocol (IP) transport layer that prioritises es-
tablished connections and guarantees delivery of data pack-
ets. A three-way handshake is used to establish the connec-
tion before any data is sent over it. Confirmation, a window,
retransmission, and congestion control are all features that
help keep data flowing smoothly during transmission. Once
the data has been sent, the connection is severed using four
pauses. TCP is more reliable than UDP in terms of data trans-
mission. The design relies on TCP communication to guar-
antee the integrity of the information being transmitted.

5.1.2 Socket Communication:

Sockets are used for communication between processes on a
network. The socket mediates between the application layer
and the TCP/IP protocol family. Together, an IP address and
a port number define a socket.

5.2 Mapped IP and Port

The TP address 192.168.45.41 has been mapped to the do-
main name 18v87143e7.io0k.la via the peanut shell. The mo-
bile phone and server use port 80 for communication, while
the suitcase and server use port 8099, which is further subdi-
vided into subports 15116 and 22136 after mapping.

5.3 Sever

This architecture relies on a web server using the Servlet con-
tainer Tomcat; the specific version of Tomcat used in this de-
sign is tomcat6.0; and the development and construction of
the server is carried out in the IDE Myeclipse. Initiate the
thread in inti and connect to the suitcase’s outgoing GPRS
signal via the socket. Specifically, 8099 is the port number.
In order to keep the server up-to-date, we take the incoming
signal, convert it to Json, publish it using doGet, and then re-
fresh the data every second. As a result, the mobile phone
can easily acquire the GPS signal, and then use the latitude
and longitude it has found to perform the GPS positioning of
the suitcase, making it easier to find.

6. Discussion

A high-tech suitcase was developed for the project. I looked
at similar products on the market, thought of some new fea-
tures, and refined the smart suitcase. Operating on Windows
10 with a Tomcat 6.0 web server, as detailed in the project
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design and implementation overview. MyEclipse 8.5, a pro-
grammers’ tool, can be used to receive and analyse GPS sig-
nals. Peanut shell, a dynamic domain name resolution pro-
gramme, was also used at the same time. It is possible to
set up a host with a permanent domain name after installing
peanut shells, registering the shells, and assigning a domain
name. Registration of a peanut shell account, addition of a
mapping to the intranet penetration, and automatic genera-
tion of the extranet IP and port number based on the intranet
IP and port number constitute its configuration procedure.
Hardware-wise, C is used for development, and keil uvision5
and MCUISP are used to write and debug hardware code, re-
spectively, using the programming languages. This project
utilises STM32 chips, which are not found in competing so-
Iutions. Product intelligence and industrial automation are
two common applications for STM32. It is characterised by
being small in size, inexpensive, having robust features, and
consuming little energy. The design’s central stm32 mod-
ule allows for information exchange between a mobile de-
vice and the suitcase, allowing for precise control of the suit-
case and GPS location. Bluetooth allows for short-range data
exchange between the mobile device and the bag, while the
GPS signal and position signal are transmitted via GPRS and
the access server, respectively.

6.1 Security Issues

These numbers are meant to reveal not just the frequency and
nature of assaults, but also when they occur, who is typically
attacked, and any other relevant details. The greatest risk can
be identified using these numbers. Following this research,
an evaluation of the structure’s susceptibility to assault can be
formulated, and the potential for attack can be estimated. The
purpose of doing a vulnerability assessment before develop-
ing a security strategy is to ensure that the strategy will effec-
tively defend the region. Maintaining a current version of the
strategy is crucial. Once a year, you should do a formal as-
sessment of your security plan. If there is a major shift in the
organisation or if there is an assault, the security plan should
be updated [7]. The proper procedures can be selected with
the aid of precedents and norms. However, in most cases,
such aims are doomed to failure.

6.2 RFID and Airplane

RFID technology is being adopted by a broad variety of sec-
tors, but commercial aviation appears to be a frontrunner in
terms of actual implementation. When compared to the con-
ventional barcode system, RFID technology clearly excels in
the area of baggage handling.

It has been shown that efficient luggage handling is a cru-
cial part of providing excellent customer service, and this ar-
ticle demonstrates how RFID technology can help airlines
enhance this aspect of their business. Academics and mar-
keters alike would do well to keep tabs on RFID’s progress.
This is especially crucial in the airline industry, where more
precise baggage handling can help companies meet customer
expectations despite a challenging business climate.
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7. Conclusion

In this article, we propose and outline the design for a smart
suitcase that tracks its owner’s whereabouts, reminds them
of appointments, and sounds an alarm. The project’s pri-
mary components are its hardware and software components.
When it comes to the device’s inner workings, STM32 serves
as the central control chip, while Bluetooth, wireless com-
munication, etc., are employed, and software is linked via a
server. The ability to quickly locate one’s bag after stepping
off an aeroplane is the most convenient aspect of this smart
suitcase. Concurrently, this product greatly simplifies travel
for its users and guarantees the security of their bags. You
won’t have to keep your eyes on your bag the entire time
you’re on the road, and you’ll still be able to figure out where
it is so your belongings are safe even if you can’t see it. If
the user’s family has not received the corresponding instruc-
tion within the allotted time, the smart suitcase will send a
warning reminder that the user is out without them.
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