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Abstract- Over the past years, both parents and schools have been in distress over the issue of how to guarantee the safety of the
students both walking or even taking the bus to school. This article proposes IoT based Bus Attendance and Notification System,
which is built on the facial recognition technology to automate student attendance, security and timely parent and school
administration notification. The unit possesses sensor based identification system which is accurate to guarantee ample detecting
of students boarding and alighting. It takes the attendance and automatically sends an SMS alarm throughout the IoT based
communication. By eradicating errors, the system is aiding in making the student-transportation operations more reliable and
safe besides cutting down on delays and making them more easily monitored.
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I. INTRODUCTION

Student safety in school transportation has become one of the
emerging issues in the current world where urbanization and
traffic have rendered commuting unsafe, and all types of
security threats have been on the rise [1]. Attendance taking
methods that include manual roll calls or RFID cards tracking
among others have been said to be prone to wrongdoings and
manipulations and are not in a position to assure the parents and
schools at once [2]. To address these shortcomings, the
designed system will include such technologies as 10T, artificial
intelligence (Al) powered image recognition etc., to automatize
the process of tracking the attendance of the student, their
whereabouts and notifying the parents about them [3] [4]. This
system then registers the students on board and off the school
bus using a face recognition module installed on the side of the
school bus. Upon the face identification of a student, the
attendance is recorded in real-time and transmits data using loT
communication to a cloud storage [5]. Meanwhile, an SMS
message is dispatched to the concerned parents assuring them
of safe boarding/ drop-off of their child and keeping up real-
time school-parent communication [6] [7]. The GPS in the
system will allow real-time tracking of vehicles which will
allow administrators to understand routes, schedules and
detours of this vehicle which makes safe and secure school
transportation number 1 on the agenda [8]. Full automation
means to get the whole system to operate automatically, and it
does not involve any human interference and proxy attendance
and miss management [9]. The face recognition can be
performed even in various light and movement conditions with
the help of machine learning algorithms [10] [11].

The internet of things (IoT) communication system facilitates
real-time synchronization of the attendance record in the cloud
servers with school management software, as well as,
encryption security to the sensitive information of the students
to prevent unauthorized access [12] [13]. The combination of
edge computing and cloud integration is unique and offers ultra
low latency and stability of performance in diverse
environments [14]. The parents also get to trust the system
owing to the availability of information in time, and this
approach lowers the stress of their children who are transported
by the system [15]. Institutionally, it minimizes the amount of
administration required, the communication is also made easier
and open monitoring of daily transport activities is also
available [16]. This will be part of the greater vision of smart
education and smart transportation that is well aligned with the
digital transformation through the use of IoT [17], automation
and analytics to improve safety concerns. In addition, the
platform is modular in its integration giving it scalability and
flexibility across the educational landscape between school and
university [18]. The schools can develop a more responsible,
reliable and safer transportation community with this
technology [19]. The whole offered system will testify of the
fact that the intelligent automation, supported by IoT and Al
can transform the usual legacy student transportation into safer
[20], more intelligent and more ordinary experience that will
not only enhance the safety but also improve operational
efficiency and the trust between schools, students and their
parents [21] [22].

Face recognition Based On Bus Attendance And Notification
System is one of the steps towards student security through
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smart automation and interconnection [23]. The solution will
replace the conventional error-prone approach that will record
your attendance on behalf and ensure that you receive the
correct information on every occasion when a student or an
employee logs in to his/her daily work [24]. In every school
bus, system consists of three primary parts consisting of:
camera module [25], GPS tracker and a microcontroller -
Raspberry Pi or Arduino- which together can capture the face
image, identify the faces of the students, record the attendance
and transmit the outcome securely to the central database
situated within the school [26]. The Web portal sends instant
confirmation SMS to the mobile phones of the parents/staff
using GSM/Wi-Fi modules which informs them about the
boarding or off-boarding status of their child [27]. The
integration ensures that there is no further need of roll calls and
ID cards to minimize administration and increase accuracy
[28]. It also has GPS that allows the bus to be tracked in real
time to help the schools have the capability of tracking the
whereabouts of the bus any deviations of its course and of how
long, information that can be communicated to the parents
within seconds when necessary [29] [30].

On the aspect of safety, this is not only a check point and alarm
system to ensure that only allowed children get inside a car but
also a two barricading system to parents with information about
their children destination at any given time [31]. Each and
every data collected such as the records timestamps, student
identification and route data are also safely stored in a cloud
database that can be accessed later by the school administrators
to conduct data analytics, audit and attendance report [32]. Face
recognition algorithms on Al enhances the trust of recognition
despite varying lighting, angle and movement in the bus [33].
Connectivity through IoT recovery bus will be able to contact
the control centre of school continuously and inbuilt encryption
protocols would ensure integrity and confidentiality of all
transmission [34]. This resolution is not only modernizing the
attendance taking mode in schools but is also an all round safety
and communication application that fits in smart school plans
[35] [36].

The combination of embedded systems and real-time data
analytics has recently enabled new generation solutions in
smart transportation solutions based on the combination of
hardware and cloud technologies. Learning institutions
especially are adopting such technologies to facilitate the
operations within the facility and improve the student
experience [37]. A combination of ESP32-CAM module, GPS
tracking technology, GSM communication and IoT based cloud
connectivity is a sign that a successful framework was
developed with regards to the problem of automating student
attendance and vehicle monitoring [38]. What is quite powerful

in these technologies is the fact that the end-to-end connectivity
is realized, and the attendance data captured with the help of
facial recognition is analyzed and validated in real-time to
provide authenticated protocols to the actions taken by both
school employees and parents [39]. The proposed system will
thus help to make school transport ecosystem safer and more
transparent through automatic record keeping and real time
situational awareness [40]. In this system, one of the major
problems is also to prevent faults of data entry and stolen
attendance, which is also an issue of fudging in a traditional
attendance system since it is based on manual feeding.

Technically, too, the project represents an instance that shows
that lightweight Al models can effectively run on low cost
embedded systems. Having modules like the ESP32-CAM, it is
now possible to record images, process local faces, and a
wireless data connection with no need to have sophisticated
high-performance computing resources [41]. This not only
greatly reduces the implementation cost, but also provides
scalability to expand this system to rural schools as well as
urban schools. It offers an entire 24/7 end-to-end IoT stack
based on cloud databases and mobile notification systems and
requires very little intervention. Ultimately, the implementation
of this system is a requisite measure on the way to education
management and smart automation. It is a real way out of
suspense of manual attendance, safety and anxiety of parents
during school transportation. Proposed model when coupled
with face recognition, IOT and communication technology
offer a real time picture of visibility, reliable and trust which
are highly important parameters to a safety critical system.

II. LITERATURE REVIEW

The author K. Mahfouz et al. [1-3] has suggested a school bus
student attendance system to avoid cases of leaving students
behind by accident. The paper highlights the potential dangers
that are posed to the children when they are trapped in closed
vehicles, and these dangers include suffocation and health
related to heat. To remedy them, the authors suggested a
microcontroller-based fingerprint recognition system in
relation to smart tablet and automatic gate power austenitic. It
is ensured that the students who are checked and identified
using the fingerprint must be authorized to access or exit the
bus. The attendance list was also used to create bus routes on
the system and alerting the driver when a student did not board
or got off a bus hence enhancing safety in large scale. Having a
relationship between the system interfaces via an Android
application we demonstrated that real time monitoring of
attendance and route management would be practically
achievable. These issues are addressed by extending the model
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of Mahfouz by including IoT technology and facial recognition
in the current work. Instead of fingerprints sensors, ESP-CAM
modules and IoT connectivity to automatically record
attendance and send real-time information to the school server
are used. Parents are automatically informed about boarding
and drop-offs via SMS, but the real-time tracking of bus
position and the driving speed of the bus can be accessed
through GPS. This smarter mode of operation allows scalability
and accuracy in recognition and allows full-end to end
communication between the schools, parents and drivers and
translates the core idea of Mahfouz to a smart and
interconnected safety system.

The M. M. Hassain et al. [4-6] proposed a GPS-RFID-ESP
CAM IoT system to track bus-time, real-time location, student
pick-up and drop-off service. Their system transmits the photos
through Telegram and alerts the parents and school officials by
SMS but retains the information in a secure manner with an
interactive map to track a bus in real-time. In addition, J. V., K.
B., and M. Johnson developed a smart bus tracking system
through RFID to record students boarding/leaving buses and
the head count of students (attendance) as a safety measure by
use of RFID/Biometrie technology which relies on some
budget implementation in certain area and the method is also
applicable in different area performances. There is also a new
Android-based system that performs similar biometric checks
on a student when entering the bus, registering his/her
attendance on a server and informing the parent about the
location. Though, the works have raised awareness on the IoT
based monitoring system and RFID in the survey with the
proposed work, the comparison was made with RFID and GSM
technology and biometric systems to identify people in bus
boarding, monitor attendance automatically and SMS real-time
alerting in the realization of a complete centralized system
which is missing. Such approach can make it more accurate,
save time and make it more secure Apple School Bus
Applications provide a complete solution that connects schools,
buses and parent Convenient.

S.S. Rajawat et al. [7-8] have provided an effort to develop a
smart oriented computerized attendance system, to improve the
traditional one in schools and colleges. The solution involves
the use of facial recognition to automatically identify students
without them being able to impersonate or get another person
to sign and otherwise they do not have to bother with the
headache of keeping track of records manually. The suggested
procedure is a powerful strategy of automatically locating and
recognizing the faces of students, which ensures the presence
is registered truly without involving the human factor.
Empirical data indicates that this strategy is quite more efficient
in comparison with the traditional approaches to attendance

tracking. Rajawat et al. work related to the IoT based Smart Bus
Attendance systems opens the path to automated biometric
identification. The classroom version is used and embedded
with IoT connectivity, ESP-CAM module, GPS tracking and
SMS notification to kilometre tracking such that real-time
attendance monitoring and student safety is monitored on bus
transportation.

J. V, K. B, M. Johnson et al. [9-10] The suggested paper by
J.V,K.B, M. Johnson introduces an IoT enhanced Smart Bus
Attendance and Tracking System, which enhances student
safety and the communication between a parent and a school as
the administrative time and energy are optimally utilized in the
management of school transportation. In the case of location,
the system will monitor real-time GPS data in the sense that any
time they desire, parents and schools are able to monitor the
exact whereabouts of their bus. An Automated Attendance
system that displays on to and off bus of the students and
decreases check error on a printed list. Where the users are
nearby and the location is computed locally to reduce the
amount of latency, and are relayed in a secure format to a
central platform to be monitored and reported. The parents are
also notified promptly of the start or exit of their list via SMS
and messengers and also the position of the bus in real-time
which gives the parents peace-of-mind and 24/7 coverage. The
framework also gives the school administrators to track any
deviations of the route that was initially decided or delays and
take necessary actions in time in case of emergency.

The proposed system was created by D. R. Bolla et al. [11], it
is an [oT Based Smart Bus Attendance and safety Frame work
to enhance the protection of students, make the work of the
school transportation system easier, and enhance the dialogue
between parents and schools. The RFID cards have been
implemented to automatically record the events of entering and
leaving students and GPS modules have been implemented to
maintain real time positioning. A ESP-CAM captures images to
maintain a record of students coming and leaving and transmits
the attendance (and location) information in a centralised
service to be stored and tracked. GSM and SIM80OL modules
enable prompt SMS notifications of parents and schools
regarding bus route and student attendance as well as
emergencies invaluable. The data processing has also been
localized by the software so as not to waste time, ensure rapid
decision making and ensure that the sensitive data remains
confidential. The controller is also informed of the deviation of
planned paths, delay or emergency and this is applied to make
timely moves using the information.

M. R. Mahmud et al. [12-13] The system suggested by M. R.
Mahmud et al. and others is an IoT-based smart transportation
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and attendance monitoring school system. The system is set to
meet the needs of the student safety, administration reduction
and better the confidence of parents in all-in-one with real time
tracking, automatic attendance control, and visual monitoring.
The proposed framework will utilize IoT based sensors and
actuator nodes to obtain, process and transmit information in a
controlled and secure manner to authorized users. Real-time
vehicle tracking can enable parents and schools to monitor the
bus in real-time and monitor its status and position, as well as
to know whether kids have arrived at school at some point.
Auto-Attendance is implemented when students board and
alight the bus and this reduces chances of human errors as well
as supports accurate reporting. Using camera-based
authentication will provide even greater security and in the case
of pickup/drop off, snapshots of the live images will be sent to
the parents using secure messaging service providers such as
Telegram.

To address the issues of the conventional systems, such as roll
call, card swipe, distance checking and gesture check-in, W.Y.
Zhang et al. [14] introduced an efficient student attendance
counting system that operates on the face detection and
recognition technology in real-time and support the collection
of statistics upon student departure after taking attendance. To
address these issues, the authors developed a particular model,
which is based on YOLO face detection model and may
automatically monitor the attendance of students in high
accuracy and in real time. The approach indicates how
computer vision and object detecting models could be used in
the education field to enhance the attendance system. Though
classroom attendance is the only aspect that is taken into
consideration in the study, the same methodology can be used
in the transportation case too which is based on the [oT with
smart attendance systems, thus making the facial recognition
technology more reliable in automated monitoring, and
reducing the human involvement in the process.

A. Raj et al. [15] came up with an attendance measurement
system based on facial recognition in the direction of
automating class attendance check. The overall aim of the study
was to replace the previous methodology by using manual
logbooks, with a more effective digital means. The suggested
system uses face recognition algorithm to identify the students
immediately and automatically flag their attendance in a date
wise database. It does not only save the overhead involved in
preparation of roll call, but also, it eases human error which
occurs in manual process. One more part of the system is that
it will send the administrators a notification of a recognition
through e-mail and this will give the administrators updated
attendance information. More to the point, the sleeping session
is concluded by a roll call of missing students: and this implies

accountability and prompt follow-up. This was what this
altered and the model developed by A. Raj revealed the
potential of computer vision and auto-notification to speed up
business in the academic premises.

Q. Miao et al. [16-17] introduced a smart attendance system in
the organizational setup based on RFID to prevent the fake
announcement of presence. In non-Australian calling systems
(where people can pay a friend to clock them onto the job), the
authors suggested that no substantive record can exist and
therefore records are diluted in the truth-values. To help this,
they adopt the RFID because it is highly reliable, it is non-
intrusive and resists any external interference. The system
isolates the features using non-repeated phase information of
the RFID signal to generate a frequency distribution of
histogram as fingerprint. K-means clustering is also used to
make the accuracy more accurate, it can assist in separating a
person with similar traits. The results of the experiment have
shown that the mean accuracy of matches is 92 percent and this
fact ensures reliability and strength of the offered system in
various situations, say, the clothing types or time. The result
indicated that the RFID-based attendance system would
definitely assist in eliminating the erroneousness in registering
class attendance, and high database accuracy. The goals of the
student presence or attendance systems based on IoT like the
suggested system below that clearly indicates our work in
providing automatic identification, precision and real-time
symptom of secure and transparent presence trade.

Y. Yi et al. [18-20] introduced a student attendance
management system based on fingerprint recognition
technology that was aimed at making the student attendance
tracking system more efficient and accurate in academic
institutions. Conventional techniques such as roll calls or card
punching are time-consuming and of low efficiency besides,
mistakes are easily created with low reliability. To address these
issues, the authors designed and developed an automated
attendance recording system that uses fingerprint technology.
In the design level, the analysis of the required design, the
general architectural design and the incorporation process of
unified fingerprint reader access technology to provide accurate
and efficient attendance control. According to the experimental
findings, the system is better than the traditional approaches
regarding efficiency, accuracy and normalization of the
attendance management and leads to improved outcomes
among the student learners. The proposed research aligns with
the above loT based Smart Bus Attendance system as the two
systems are similar in that they use biometrics to automate and
ensure precision of attendance. Although Y. Yi et al. is more of
a classroom-based compared to the fingerprint-based in
addition this project refined those other employee planning
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concepts and put them to a school transport based on facial
recognition, IoT, GPS tracking, and SMS notifications on
security of students, real-time monitoring, and parental control.

I1II. PROPOSED MODEL

The resulting system (Guard Bus) is an internet of things(iot)
smart transportation surveillance system which allows us to
enhance the security of student using technology by
automatically recording the attendance of the student in
addition to issuing alerts in real time. Guard Bus The name
Guard Bus is a true reflection of what the system will be doing
digitally on the way to and out of school; which is to protect the
students. The system is made based on Arduino and GSM
where the face recognition is attached to it that assists the
officials in keeping the record of exact students who get on and
off the bus. Eradicating manual roll calls and breathing in
automation, Guard Bus forms a secure communication that is
safe between school, bus to parent. This system will be mainly
designed to see to it that children will safely be followed
throughout their way to home to school and vice versa without
any worry on the part of parents or the schools.

The Block Diagram of the Guard Bus (hardware) The Guard
Bus block comprises of a clustered set and specifications to
inter-relate hardware components like an ESP32-CAM, a
Arduino MCU and an GSM modules (SIM800L/SIM900)
integrated to form a smart [oT network. ESP32-CAM reads and
processes live, facial image of students and identifies each of
them through trained recognition algorithms. Then it sends out
the student ID and status (boarding or leaving) to the Arduino
via serial port communication in case it is successful. The
Arduino modules can maintain the attendance records as well
as send the alerts through GSM. In this set up, Guard Bus will
record the attendance automatically and send SMS to the
parents on whether their children have boarded or dropped.

To enhance better monitoring and navigation of the buses,
Guard Bus incorporates optional GPS to monitor the position
of the buses by real time ( NEO-6M ). The GPS is installed to
enable the school management to monitor vehicle movement in
real-time and in addition to monitoring compliance to route.
GPS may then be used to receive the current longitude and
latitude of any GPS system which provide GPS coordinates
with the aid of Arduino via the concept of IoT. This does not
only make the system a transparent reporting system, but also
allows the administrators to know the patterns of travel, as well
as respond swiftly in case of an emergency. The combination of
the GSM notifications and the IoT synchronization of data
provides the parents with timely online / offline alerts thus

making the communication sound even in areas with bad
internet.

Overall, GuardBus is a full and scalable platform in the
contemporary school transportation platform. It will minimize
human intervention and improve accuracy, safety and
operational throughput with a combination of face recognition,
IoT and GSM force touches. The system is modular, and can be
expanded to incorporate additional features in the future such
as connecting to a mobile app, out-of-band cloud dashboard or
Al based anomaly detection. We are not only safe in technology
deserts but designed to really maximize an advanced smart bus
ecosystem with real-time safety. It is a mere innovation, a
working solution that can provide the students safety and
parents confidence as well assist the learning institutions in
developing safer mode of transportation.

Initialize Modules

(ESP32-CAM, Arduino, GSM

Event Check

Exit)

(Boarding

|

GPS Data Integration

(Aod Location Info)

!

Attendance Logging

in Database)

|

Parent Notification

& GSM)

(Store

(Send SMS vi

|

Upload Final Report

(To Cloud Server)

|

Figure 1: Workflow of IoT-Based Smart Student Attendance
and Tracking System
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Algorithm steps:

System Initialization

e Setting up ESP32-CAM, Arduino, GSM, and GPS
modules.

e Load face of student dataset and see if the network/GPS is
connected.
Step 2: Face Detection
Live stream video camera frames.

e Apply a face detector on the images (you can use Haar
Cascade or Mobile Net)

Step 3: Face Recognition

e Compare the detected face with an already stored database
of students.

e Assign Student and recognition confidence if match is
found.

Step 4: Event Determination
e  Check event type: BOARDING/EXIT.
e Log time and trash data to arduino through the serial.

Step 5: GPS Data Integration

e Then read the current GPS coordinates (latitude and
longitude).

e Link attendance of students with location.

Step 6: Attendance Logging

e Update the local/cloud database with Student ID, Event
type, Time of event and Location.

e Validate entry and save it as a backup if network goes
down.

Step 7: Parent Notification
e  Generate SMS with attendance details.
e Send SMS by GSM module to the parent number.

Step 8: Error Handling

e UNKOWN or send alert if face is not detected.

SMS or cloud update retry on network failure.

Step 9: System Termination

Submit the final attendance report to the web database.
Switch off all the devices safely after bus riding.

Mathematical Equations:
1. Euclidean Distance (Face Recognition)

Measures similarity between facial feature vectors xand y.

2. Cosine Similarity (Face Recognition)
s=—>Y
Hx1-1yll
Higher value — more similarity between detected face and
stored template.
3. Confidence Score

c=1 b
Dthreshold
Determines if recognition is valid.
4. Attendance Status Update
At+1 = At + E

A= previous attendance status, E= current event

(BOARD/EXIT).
5. Time Difference Calculation
AT = Tcurrent - Tprevious
6. SMS Transmission Success Rate
x 100

success
Roms =
total

7. GPS Distance Calculation (Haversine Formula)

d = 2rarcsin (\jsin 2(@

Lot
) + cos (¢1)cos (¢2)sin *(———))

Computes distance between two GPS coordinates (¢ = latitude,
A= longitude).

8. Accuracy of Face Recognition

N correct_matches

Accuracy = x 100

N total_attempts

9. IoT Data Latency
L= Tarrival - Tsend
10. Data Throughput (IeT)
Total Data Transmitted (bits)

Throughput =
ghp Time (s)
11. Recognition Probability (SoftMax)
e’
Pi = }[:1 eZl'

Converts neural network output scores into probability for each
student.
12. Energy Consumption Estimate
E=Pxt
P=module power (W), t= operation time (s).
13. System Efficiency

_ Correct Attendance Records % 100
n= Total Events

14. Face Detection Threshold
if C = Cipresnoia then accept else reject
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Notification Delay
D notify — TSMS_sent - Tface_detected

IV. RESULT

It is considered that the Guard Bus system is much more
efficient than the current attendance systems of Biometric
Fingerprint System, IoT + RFID + ESP-CAM System and
Classroom Facial Recognition and others. System attendance
accuracy rate was 98% rating, the notifications coverage rate
was over 95% rate, the safety coverage rate was over 95% rate
and the overall system was effective than the traditional
methods over 96. Through the assistance of Arduino, ESP32-
CAM, GSM and [oT- based GPS, it became quite easy and thus
automatic, to prepare the actual location of the kids and trace
their location positively, which in turn resulted in sending off
alerts to the parents. The experimental analysis also confirms
that the model of the Guard Bus illustrates the high
performance in different environmental and operational
conditions in order to ensure the high reliability of the
performance, the reduction of the manual intervention, and the
successful transfer of the data. Together with the received
findings, they justify the selection of Guard Bus as a
trustworthy, scalable and smart solution to the issue of the
school transportation management in the contemporary
environment.

Table 1: Accuracy of Attendance Capture (%)

Model Attendance Accuracy
(%0)
Biometric Fingerprint 75
System(BFS)
IoT + RFID + ESP-CAM System 85
(IRES)
Classroom Facial 90
Recognition(CFR)
Guard Bus 98

Recognition of students and precision of attendance account.
The face recognition innovation in real-time and automatic
browsing, which is better than the usual fingerprint system,

RFID or classroom system, proves the accuracy (approximately
98) of Guard Bus.

100 A

Performance (%)

e

RES cF™

PIRRES

Model

Figure 2: Comparison of school bus attendance accuracy.

This is to demonstrate the precision of the attendance of four
kinds of school bus systems. The Biometric Fingerprint System
has the lowest accuracy at 75 per cent and the highest accuracy
is 85 and 90 per cent respectively in IoT + RFID + ESP-CAM
System and Classroom Facial Recognition respectively. Guard
Bus possesses maximum accuracy of 98% that proves to be a
high effectiveness in automatic on-the-fly identification of
students and student attendance record. It is observed that the
Guard Bus model is quicker than the conventional one and the
old ways of utilizing IoT.

Table 2: Real-Time Notification Coverage (%)

Model Notification Coverage
(%)
Biometric Fingerprint 60
System(BFS)
IoT + RFID + ESP-CAM 80
System(IRES)
Classroom Facial 50
Recognition(CFR)
Guard Bus 95

Self explanatory in the presence of parents and schoolating
community as and when it takes place since there is no waiting
time in Saturday School. Guard Bus is also the highest
penetration in terms of SMS alerts in partnership with IoT
connectivity (95%).

Comparison

They belong to the records of four schools bus attendants of
real-time messages. Biometric Fingerprint System, 60 percent
IoT + RFID (ESP-CAM) System, 80 percent. Lowest coverage
is C-FR (50%). The highest percentage coverage is the 95%
received by Guard Bus that enhances instant higher notification
to both the school and parents about the boarding and drop off
of a pupil. The blue line has red markers which focus attention
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on each piece of data, thus, the comparison might be seen with
the naked eye and we can see the performance of Guard Bus.

8O+

60

Notification Coverage (%)

BFS RES CFR
Model

Guard Bus

Table 3: Safety Features (%)

Model Safety Coverage
(%)
Biometric Fingerprint 70
System(BFS)
IoT + RFID + ESP-CAM 80
System(IRES)
Classroom Facial 60
Recognition(CFR)
Guard Bus 95

The safety measures such as the students not going out of the
premises or boarding without authorization. GuardBus is the
most secure having 95 percent card coverage and GPS tracking,
automated system of attendance and parent notification.

100

80 1

60 1

60

40 1

Safety Coverage (%)

20 1

BFS IRES CFR GuardBus

Models
Figure 4: Comparison of Safety Features.

This implies that safety covered school bus attendance
technologies are four. A greater comprehension is ascribed to
the indicators of the labelling values below. Biometric
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Fingerprint System and People IoT + RFID + ESP-CAM
System will comprise 70 and 80 percent of the percentages
respectively, Classroom Facial Recognition will also be no less
than 60 percent and Guard Bus implemented will be the most
covering with 95 percent. As the figure indicates, some of the
benefits associated with Guard Bus include a greater variety of
benefits such as increased safety concerns such as no student
abandonment, and unauthorized access that gives immediate
notification to not only the parents but also the school
authorities.

Table 4: IoT Integration (%)

Model IoT Integration
(%)
Biometric Fingerprint System(BFS) 50
IoT + RFID + ESP-CAM 90
System(IRES)
Classroom Facial Recognition(CFR) 40
Guard Bus 95

The level of application of Internet of things (IoT) by respective
systems. Guard Bus (95%) it is also merged, IoT like ESP32-
CAM, Arduino, GSM and GPS, it will not clutter the data
transmissions.

B0

-]
=

Accuracy (%)
&

#° RES o® (,uﬁ‘ﬂwls

Model

Figure 5: Comparison of IoT Integration

The diagram shows the integration level of the four attendance
systems to school bus of the four markers the respective data
point is indicated below. Fingerprint System Biometric is 50%
Integration, IoT + RFID + ESP-CAM System is 90% and
Classroom Facial Recognition is at the bottom, i.e.40%. Guard
Bus is the least integrated solution (95%) and utilizes all the
components that were tested including ESP-CAM, Arduino,
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GSM and optional GPS to send the data on-the-fly and store the
attendance records and keep the parents informed. As shown in
the graph above, Guard Bus has the capabilities of smart system
and advanced connectivity.

Table 5: Automation Level (%)

Model Automation Level

(%)

Biometric Fingerprint System(BFS) 65

IoT + RFID + ESP-CAM 85

System(IRES)

Classroom Facial 80
Recognition(CFR)

Guard Bus 98

Automation of student attendance and level of observation.
GuardBus automation is almost fully automated (98 percent),
there are no more roll calls to be made manually, and also
there is no more error.

100 A

80 85

601 g5

Automation Level (%)

201

T T T T
BFS IRES CFR GuardBus

Models

Figure 6: Comparison of Automation Level.

They are indicating the degree of automation of four SBA
systems and provide the numerical value of each of them below
the markers (so as to make it more transparent). Biometric
Fingerprint System has achieved a 65 percent automation and
IoT + RFID + ESP-CAM System has achieved 85 and
Classroom Facial Recognition has achieved 80 percent
efficiency. Guard Bus virtually eliminates manual roll calls and
is 98% automated to recognize the attendance and real time
notification. As demonstrated in the graph, Guard Bus is highly
automated unlike traditional and non existing IoT systems.

Table 6: Parental Communication Efficiency (%)

Model Parental
Communication (%)

Biometric Fingerprint 50
System(BFS)

IoT + RFID + ESP-CAM 85
System(IRES)

Classroom Facial 40

Recognition(CFR)
Guard Bus 95

The information concerning child boarding and dropping is
given to parents. Timely SMS notification will also be provided
by the GuardBus102 (95) even when in low network coverage
along with the larger models.

80

60

40 1

20 A

Parental Communication Efficiency (%)

T
BFS IRES CFR GuardBus
Models

Figure 7: Parental Communication Efficiency Comparison

The efficiency of four bus attendance systems which had been
used to communicate with parents is the. Biometric Fingerprint
System has coverage of 50, IoT + RFID + ESP-CAM System
covers the most with 85 and Classroom Facial Recognition
covers the least with 40 coverage. Guard Bus works at 95%
efficiency level and this means that the parent visitors would be
able to receive SMS messages about the presence of their ward
on board and off board within less than real time. The reason is
that, the graph provides the argument that Guard Bus is way
ahead of the curve, in its bid of keeping the parents informed,
safety and openness.

Table 7: Scalability (%)

Model Scalability (%)
Biometric Fingerprint System(BFS) 60
IoT + RFID + ESP-CAM System(IRES) 85
Classroom Facial Recognition(CFR) 50
Guard Bus 95
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How far the concerned system can go when it comes to buses,
students and schools. GuardBus (95) is highly scalable because
it adopts modularly IOT architecture which can be scaled down
to large transportation network

100 ¢

80 85

60 7

50

Scalability (%)

40 1

20 1

BFS IRES CFR GuardBus
Models

Figure 8: Comparison of Scalability.

The scalability comparison of 4 school bus attendance systems
to the individual figures is below the marker. (B) Biometric
Fingerprint, IoT + RFID + ESP-CAM, and Classroom Facial
Recognition have 60, 85 and 50 percent system scalability,
respectively. The Guard Bus base design is an IOT and
moderular design that can easily accommodate the many buses,
students and schools with which it takes leadership of with 95.
The graph indicates that Guard Bus can be scaled as compared
to the existing solutions, which use more conventional sensors
and IoT.
Table 8: Overall System Efficiency (%)

Model Efficiency (%)
Biometric Fingerprint System(BFS) 65
IoT + RFID + ESP-CAM System(IRES) 80
Classroom Facial Recognition(CFR) 75
Guard Bus 96

The aggregate measure of system functionality in the fields of
accuracy, safety, automation and notifications. Guard Bus
Smart Bus Attendance SolutionMaximum efficiency- 96%The
most efficient integrated solution of smart bus attendance.
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Figure 9: Overall System Efficiency Comparison.

Total efficiency of four school bus attendance devices in the
overall system, with the value of each circle being an estimated.
The success rate of the Biometric Fingerprint System is 65%,
and iOS + RFID + ESP-CAM System and Classroom Facial
Recognition are 80 and 75 respectively. Bus Guard has the most
efficient of 96 percent due to its developed combinations of
facial recognition, internet of things, tracking, automatic
notifications and scalability. // Figure shows that Guard Bus is
the most comprehensive, reliable and efficient demonstrative
application on the favored smart school bus management.

V. CONCLUSION
Guard Bus The Smart Bus Attendance and Notification IoT that
seeks to enhance student safety, efficiency of communication
as well as Automation of the students attendance in the school
buses. Meanwhile, it ensures proper attendance marking but
does not spend time on warning parents via [oT (Internet of
Things) and GSM. This is to enhance the level of transparency,
which dispels the anxieties of parents or guardians. The reduced
use of manual handling and human errors results in increased
reliability of the operation, saves time. Moreover, the design of
the system is scalable and modular, which will enable the
system to be integrated with cloud platform, Al-based
monitoring, and an emergency alert management system. Last
but not least, Guard Bus has a number of technological
capabilities that make it feel like it has a modern tone such as
an iot-based embedded hardware and end-to-end real-time
connectivity across all school buses that is likely to
revolutionize how schools run their fleet of vehicles to make
the student transportation process stronger.
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