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Ensuring student safety during transportation between home and school
has always been a major concern for parents. This study proposes a
monitoring and emergency support system for student transportation to
prevent students from being forgotten on school buses. The embedded
system using a real-time operating system is employed to program and
control the system, while the internet of things approach is applied to
manage student data. In particular, RFID technology is employed for
student attendance tracking, while GPS technology is used for location
monitoring and initiating emergency calls. A user interface is designed
to provide various functions such as attendance management,
monitoring, and communication for three groups of users: the school
(for management), drivers (for student supervision), and parents (for
tracking their children). The experimental results demonstrate that the
system can monitor students’ boarding and disembarking times in real
time. Schools can manage the driver’s route and travel duration, while
parents can track their children’s arrival time at school.
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TU KHOA

Quan 1y dua d6n hoc sinh
Hé¢ théng nhing

Hé diéu hanh thoi gian thyuc
RFID va GPS

loT

Pam bao an toan cho hoc sinh trong qué trinh di chuyén giita nha va
truong ludn 13 méi quan tdm hang dau cua phu huynh. Nghién ciru nay
dé xuat mot hé thdng giam sat va hd trg khan cp cho viéc van chuyén
hoc sinh nham ngin ngira tinh trang hoc sinh bi bo quén trén xe buyt
truong hoc. Hé théng nhing sir dung hé diéu hanh thoi gian thuc duoc
sir dung dé lap trinh va diéu khién hé thdng, trong khi phuong phap
Internet van vat (IoT) dwoc ap dung dé quan 1y dir liéu hoc sinh. Cu thé,
cong nghé RFID duogc sir dung dé theo ddi sy c6 mit cua hoc sinh,
trong khi cong nghé GPS duoc sir dung dé giam sat vi tri va thuc hién
cudc goi khan cap. Giao dién nguoi dung dugc thiét ké dé cung cap
nhiéu chiic ning khac nhau nhu quéan 1y diém danh, giam sat va lién lac
cho ba nhom nguoi ding: nha truong (dé quan 1y), tai xé (dé giam sat
hoc sinh) va phu huynh (dé theo ddi con em minh). Két qua thuc
nghiém cho thay hé thng c6 thé giam sat thoi gian 1én va xudng xe cua
hoc sinh trong thoi gian thuc. Nha trudng co thé quan 1y tuyén duong
va thoi gian di chuyén cua tai xé, trong khi phu huynh c6 thé theo doi
thoi gian dén trueong cia con em minh.
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1. Introduction

In the current context, especially in major cities, most parents are busy with work, and
students often commute to school using public transportation or school buses. As a result, parents
no longer need to spend time taking their children to and from school. However, when traveling
by these means, a serious issue has arisen: students being left behind on school buses. In
Vietnam, several tragic incidents have been reported. For example, a 6-year-old boy, L.H.L., a
first-grade student at Gateway School (Cau Giay District, Ha Noi), died after being left
unattended on a school bus [1]. In another case, a student was left for 20 minutes on a school bus
belonging to Archimedes Primary School (Cau Giay District, Ha Noi) [2]. Furthermore, a 10-
year-old student in Hanoi was left alone on a school bus in a critical condition [3]. In Thailand, a
7-year-old girl in Chon Buri Province died after being forgotten on a bus [4]. In the UAE, a 4-
year-old girl was also forgotten on a school bus by staff members [5]. In Canada, an 8-year-old
girl was also left behind on a school bus [6].

To detect and alert when students are left behind, an loT-based system allows parents,
schools, and management institutions to track the safety and comfort of children on school buses
in real time [7]. In another approach, several studies have proposed combining RFID technology
with fingerprint recognition algorithms to send notifications during students’ boarding and
disembarking processes [8]-[10]. In Vietnam, mobile applications such as Anta [11] and
Bus2School [12] have also been developed to support student transportation services. In addition,
a system utilizing the LPC2148 microcontroller combined with an RFID module was developed
to identify information about a child carrying a unique ID card [13]. In the event of an accident,
the school bus can stop automatically, a buzzer alarm is triggered, and an SMS alert is sent. K.
Aparna Reddy et al. proposed another system that identifies each student using an RFID card and
displays the student’s name on an LCD screen [14]. The system can issue an alert if a child
remains inside the bus after it arrives at its destination by sending an SMS notification to the
school administration via a GSM module.

Nowadays, many systems using RFID, GPS, and loT technologies are applied in industry,
healthcare, and various other fields [15]-[17]. Based on the above analysis, the development of an
embedded system for monitoring student transportation is essential. The key contributions of this
study are: a) Development of a complete embedded hardware system for student transportation
monitoring; b) Implementation of a mobile application that enables schools, parents, and drivers
to monitor all relevant information; c) Design of an emergency button to assist students in urgent
situations. When the button is pressed, the system automatically initiates a call to the driver or
student’s parents.

2. Material and method

The student transportation monitoring and emergency support system, designed to assist in
cases where a student is accidentally left on the bus, is developed based on embedded systems
and 1oT technologies. The following section presents a detailed description of the proposed
system and the related techniques employed in its design and implementation.

2.1. Proposed framework for student transportation monitoring

The complete system for student transportation monitoring and providing emergency assistance
in cases where a student is accidentally left on the school bus is shown in Figure 1. The system
comprises several functional modules, including a display unit, GPS module, RFID card reader,
emergency button, central processing unit, power supply, relay control circuit, audio transmitter and
receiver, call and SMS module, and notification unit. All modules are integrated into a single
embedded circuit. In addition, an Android mobile application is developed to provide a user
interface that connects to Firebase via a 3G or Wi-Fi network for real-time data transmission.
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Figure 1. The block diagram of the proposed student transportation monitoring system

The central processing unit uses an ESP32 microcontroller, which communicates with
peripheral devices, processes data, and connects to Wi-Fi for communication with Firebase. The
GPS module is used to determine the bus's location and send coordinate data to the central
processing unit for location tracking. The display screen shows information received from the
central processing unit and displays notifications when the emergency button or RFID tag is
scanned. An emergency button is designed for students to press if they are accidentally left
behind on the bus. The audio amplifier amplifies the audio signal transmitted between the audio
transmitter and receiver and the call and SMS module. Relays are used to switch the power
supply of the audio transmitter and receiver to improve energy efficiency. The database unit
stores all relevant data. The mobile application allows users to view real-time data such as
student boarding and alighting times, the bus's current location, and driver information.

2.2. Hardware design

Figure 2 presents a schematic of the entire system. Specifically, the central processing unit
uses the ESP32 module to control the device and connect to the internet. The RC522 RFID
module is used to read RFID tags and send the ID tags to the central processing unit [14]. The
SIM800A module is used for making calls and sending text messages and is controlled by a
central microcontroller. A 3.5-inch TFT display shows student information during card scanning
and various notifications. The GPS module, NEO M10, is used to determine the current location
of the school bus. The audio transmission and reception unit includes a PAM amplifier and a 3W
speaker, enabling voice communication during phone calls. Detailed specifications of the
modules are shown in Table 1.

Table 1. List of modules used in the system

No. Units Detail
1 Central processing ESP32 MCU
2 GPS Module GPS NEO M10
3 RFID Module RFID RC522
4 Call and SMS Module SIM800A
5 Audio transmitter and receiver Module PAM + Speaker 3W
6 Notification Buzzer
7 Display LCD TFT touch 3.5 Inch
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Figure 2. The schematic diagram of the complete student transportation monitoring system

2.3. Software design

In the proposed system, the microcontroller is developed using an embedded system approach
with a real-time operating system (RTOS) to ensure optimal task execution. In practice, the
system is designed based on an event-driven model, allowing different tasks to interact efficiently
through event-driven mechanisms while avoiding conflicts in the overall system operation as
shown in Figure 3. Each functional module is assigned a specific task with a predefined priority
level. The emergency handling task is assigned the highest priority to ensure immediate response
when the emergency button is triggered. The GSM communication task is also given high
priority to guarantee timely delivery of calls and messages. The RFID task operates at a medium
priority for real-time attendance tracking, while the GPS task is assigned a lower priority since
location updates are not strictly time-critical. To prevent system congestion, inter-task
communication is managed using queues and event flags, ensuring synchronization without
blocking critical tasks. This design allows the system to maintain responsiveness and stability
even under multiple concurrent events. In addition, in the event of 3G/Wi-Fi connectivity loss,
the system maintains core functionalities locally, including RFID-based attendance tracking and
emergency handling, while buffering essential data such as check-in/check-out events and GPS
coordinates in local memory. Once the connection is restored, the buffered data are automatically
synchronized with Firebase to ensure data consistency and prevent information loss.
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Figure 3. Task schedule for central processing block

3. Results and discussion

The system implementation was carried out based on literature research and data collection
through tests and experiments to provide input data for the system. The deployment of the student
monitoring and tracking system for school transportation consists of two main parts: the first part
describes the operation of the mobile application, and the second part presents the overall
operation of the entire system.
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3.1. Results of the hardware design

The printed circuit board (PCB) design results for the entire system are presented in Figure 4.
The circuit was designed as a two-layer board, with peripheral modules implemented in a plug-in
form to facilitate easy replacement and maintenance. After completing the PCB design and error
verification, the board was fabricated and components were assembled. The final assembled and
fully functional hardware implementation is shown in Figure 5.
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Figure 6. Fully assembled circuit for the student Figure 7. The completed prototype of the
transportation monitoring system proposed system after assembly

After completing the assembly of the circuit components, the installation results are shown in
Figure 6, and the front view of the finished product is presented in Figure 7. The main circuit is
neatly housed inside the enclosure, while the interface components such as the display,
microphone, speaker, button, and power supply jack are mounted on the case surface for
convenient operation. The RFID scanning area is positioned near the side of the device to
facilitate easy card detection. Moreover, the system is equipped with both an external power
source and an internal backup Li-Po battery.

3.2. Results of the software design

In the proposed system, two software components are developed for control and monitoring
purposes. The first software is programmed for the central microcontroller to manage all
operational activities, while the second software is a mobile application designed for use by
schools, drivers, and parents. In practice, the first software is implemented using an RTOS, where
control threads operate independently to optimize the system’s performance. It includes six
control tasks: network, GSM, RFID, GPS, logic, and display. Each task is designed with its own
control flowchart; for example, Figure 8 illustrates the algorithm flowchart of the GPS processing

http://jst.tnu.edu.vn 373 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 231(06): 369 - 376

task. To store and exchange information within the system, this study employs Firebase as the
data storage platform. Specifically, 12 fields are designed in Firebase as illustrated in Figure 9.
Furthermore, each of these main fields contains subfields to store all relevant and necessary
information for the system’s operation. The system buffers critical data locally during network
disconnection and synchronizes with Firebase upon reconnection, while ensuring security
through authentication, access control, and HTTPS communication.
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Figure 8. Algorithm flowchart of the GPS task in
the system Figure 9. Data fields of the Firebase database

3.3. Operation of the Android phone application
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Figure 10. The interfaces of the mobile application: ~ Figure 11. Interfaces of: (a) leave natification, (b)
(a) main page, (b) login page, and (c) function personal information, and (c) attendance history

The mobile application was developed to enable schools, drivers, and parents to easily
monitor students using school bus services. In particular, Figure 10(a) shows the interface of the
application for parents when it is first opened, and Figure 10(b) illustrates the login interface.
After logging into the system, parents can select various functions as shown in Figure 10(c).
Moreover, Figure 11(a) is an interface for submitting a leave request of students. Parents can fill
in the reason, select the session and date of leave, and then send the information. Figure 11(b)
shows the interface displaying the student’s personal information. Figure 11(c) show the
attendance history interface, displaying the pickup and drop-off times and dates during the entire
transportation process.
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3.4. GPS test results

The positioning error can be considered an important criterion for evaluating the accuracy of
the system. The error determination was performed by comparing the coordinates obtained from
Google Maps with those provided by the system at the same location. In practice, based on the
longitude and latitude values returned by the system, the haversine formula was applied to
calculate the positional deviation between the system and Google Maps. The coordinate deviation
results between the developed system and Google Maps are presented in Table 2. The average
deviation was found to be 7.0 meters for school bus 1 and 6.1 meters for school bus 2. In weak
signal conditions, the system temporarily stores essential data locally and automatically
synchronizes with the server once the network is restored.

Table 2. Experimental results of GPS accuracy measurement

Test no. Distance error of school bus 1 (meters) Distance error of school bus 2 (meters)
1 7.1 8.5
2 59 5.2
3 6.3 4.8
4 75 59
5 8.1 6.3
Average 7.0 6.1

3.5. Test results of call and message reception time from the SIM800A module

The process of making calls and sending messages was also examined to evaluate the stability
and response time of the SIM800OA module during emergency situations. Table 3 presents the
duration from the start of execution until the call and message are received. The longest time for the
phone to receive a call after initiation was 10.22 seconds, while the shortest was 8.78 seconds. The
average time to receive a call and a message was 9.68 seconds and 8.86 seconds, respectively.
Experimental results indicate that the system’s call and message response times are relatively fast
and stable, enabling quicker emergency response for rescuing students left on the bus.

Table 3. Test results of the response times for emergency calls and message reception when students
get off the bus using the SIM800A module

Test no. The response times for emergency calls The response times for message
(unit in second) reception (unit in second)
1 10.22 9.98
2 9.94 8.84
3 8.78 8.85
4 9.82 8.50
5 9.64 8.11
Average 9.68 8.86

4. Conclusion

The student transportation monitoring system has been designed and implemented to
simultaneously supervise two school buses. Specifically, RFID technology is applied to track
students when boarding and alighting, sending notifications to parents. GPS enables the
determination of the school bus’s location and travel route. The SIM800A module allows for
emergency calls in case a student is left on the bus. Experimental results show that the system
demonstrates stable operation and satisfies practical deployment requirements. Additionally, the
mobile application allows schools to manage student and driver information, allows families to
monitor students’ commuting and request leave when necessary, and allows drivers to track
student attendance or leave. Data on student boarding/alighting, school bus location, and leave
information are continuously updated on Firebase. The experimental results indicate that the
system can be effectively applied in real-world student transportation monitoring.
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