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Abstract

The Development in technology has brought about a common norm of communicating and interacting with appliances remotely using portable
devices like laptops and smartphones that have Internet connections. This is possible with the use of the Internet of Things, popularly referred
to as [oT. This paper presents a system by which classroom held interactions specifically seat allotment is made a simpler process by secured
automation coupled with the Internet of Things to develop a system that enables a person or group of people to remotely monitor seat allotment,
de-allotment with precision over a wide distance. Traditional means of allotment are quite slow and tiresome especially when dealing with a large
number of students. Hence there is a need to develop a system to automatically allot, track, and monitor real-time seats in a classroom. In this
research, an IoT seat allotment system is proposed; the system is developed and tested within a smart classroom environment using the Federal
University of Agriculture Abeokuta (FUNAAB), Nigeria as a case study. The system is implemented on Arduino IDE using C++ programming
language and a prototype of the mobile IoT seat allotment application is developed using Java programming language. Through experimental
analysis, it was discovered that the IoT Seat allotment achieved the ranges of 30 % to 50 % reduced time, and higher accuracy when compared
with the traditional seat allotment method.
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1. Introduction because it can connect computer systems over extremely large
distances across the world. It is enabled by several high band-
width lines that are called backbones. To connect to the In-
ternet, you must be connected to an Internet service provider
which acts as a middleman between you and the Internet. The
Internet is embedded in strong connections that allow seamless
communication between a computer and other computers. A
thing or device can only be referred to as an Internet of things if
it connects to the Internet in some form, creating a connection
between multiple devices [1, 2].

Local Area Networks (LANSs) allow users to communicate
with each other, and share privileges and storage facilities.
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A Computer network refers to two or more computers con-
nected, to transfer data electronically. Apart from connect-
ing computers physically, a network system establishes a co-
hesive architecture that allows a variety of machine types to
transfer and communicate information in an almost seamless
fashion. Two popular architectures are ISO Open Systems In-
terconnection (OSI) and IBM’s Systems Network Architecture
(SNA).The Internet is considered the largest wide area network
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Users can also access other LANs or tap into Wide Area
Networks (WANs). LANs that possess similar architectures
are linked by “bridges”, serving as transfer points. LANs
that possess different architectures are linked by “gateways”,
which convert data as it passes between systems [3, 4]. Cloud
computing is a model that enables limitless and convenient
on-demand access to a shared pool of computing resources
like servers, networks, applications, services, and other config-
urable computing devices. Cloud computing is mostly viewed
as a service rather than a product because shared resources and
information are provided to the computer and other devices
Cloud computing has rapidly increased the growth of Internet-
based computing by enhancing the delivery of information and
communication technology resources through a network. In
cloud infrastructure, the Internet of Things (IoT) can benefit
from increased efficiency, performance, and payload. The
advancement in cloud computing has supported the manner
of development and dissemination, and modern electronic
business bundling. Subsequently, IoT and cloud are currently
extremely near future web innovations that are viable with IoT
frameworks [5]. In the IoT, cloud computing enables seamless
communication between [oT devices. This offers a wide range
of powerful application programming interfaces (APIs) to
interface with connected smart devices. Cloud computing sets
the path for the development of linked technologies in this way
[6]. A key feature of cloud computing is the fact that minimum
efforts and management cloud models give us rapid services.
Another key feature is that service operations are consistent,
regardless of the underlying systems. The IoT is made up of
physical objects that have been integrated with software and
sensors, which allows objects to be controlled remotely across
a network infrastructure [7]. It enables integration between
the physical world and computer networks and contributes
significantly to increased accuracy, efficiency, and economic
benefits [8, 9]. IoT devices have gained so much cognizance
and importance in several spheres of activities such as sports,
tourism, home, and educational automation. To increase
comfort and security, IoT devices are used to monitor and
control electronic, electrical, and mechanical systems in homes
and buildings [10]. IoT is concerned with the real- time
optimization of industrial and distribution network systems by
connecting sensors, actuators, control systems, and machines
[11]. The smart grid is an IOT technology that focuses on
energy management systems. IoT expands the advantage of the
smart grid beyond the utilities’ digitization, transmission, and
supervision. The Internet of Things has facilitated the growth
of mobile digital medical systems to some extent. It allowed for
the transmission of several physiological parameters from the
human body to a healthcare service center via a smart multi-
parameter sensor node. By creating a link between drivers or
users and vehicles, IOT may unify control, data processing,
and interactions across multiple transportation systems [12].
The domains and IoT applications are so numerous to mention
buts even though smart classrooms are gaining ground, smart
classrooms still have challenges such as high implementation
costs, need for technical know-how, in-class ethics, lack of data
processing infrastructure, security, and privacy that need to be
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addressed. There is more than enough justification to automate
and create platforms whereby IoT devices turn conventional
classrooms into smart classrooms and mainly automate seat
allotment using IoT devices. This research aims at developing a
routine mechanism for IoT-based classrooms for seat allotment
by designing a model for automatic allocation of seats and
monitoring students in a smart classroom, deploying the model
designed on suitable IoT hardware devices, and evaluating the
model using suitable performance metrics. IoT integration
with classroom learning brings automation into a classroom,
enabling us to achieve complete control over electric equip-
ment around us. It is indeed possible to control them using
either gesture-based techniques or voice-based commands.
IoT will be useful in developing an intelligent system that
can decipher and understand our needs or requirements and
function accordingly, without even having to command them
[13].

In recent times, the IoT, as well as Cloud computing has
enjoyed the great attention from the academic institutions
to develop a smart learning atmosphere. Several devices
and infrastructure are connected in a Smart Campus that
provides smart lighting, projection, security, and efficient use
of resources many more [14]. Smart classrooms can be referred
to as a technology-enabled form of education. Integration
of advanced hardware with software technology is used to
enhance teaching and student learning, and it has become even
more relevant and necessary to implement smart classrooms
due to its efficiency ratio, which is evident in its track record
of making regular tasks easier, as well as saving time and
effort. There are various ways to automate a classroom and
give it the resources it needs to be considered smart, like smart
student ID cards, environmental sensors, smart cameras and
projectors, and smart lighting systems. Even as little as a
few minutes saved every day will result in an unquestionable
return on investment, which can be measured in both actual
costs and improved student outcomes. Due to the bloom in
the automation and wireless connectivity industry, all devices
within the classroom can be connected to a central network and
remotely controlled. This improves the comfort, energy effi-
ciency, security, and savings of the classroom [15]. Reducing
the levels of truancy and absenteeism by students continues to
be a very important goal of every level of the school system.
Attendance to lessons does not only affect the individual
student involved but can affect the learning environment of
the school [16, 17]. Generally, the institutes always request
that the tutors do what is referred to as ’education guidance’,
but it is noteworthy that this is not the best solution for these
truancies by the students. The tutors would issue one warning
to the absent students in advance, by roll call and this, in turn,
takes about 5 to 10 minutes. Therefore, most teachers may not
bother doing the roll call regularly, since it would take lots
of time. An important question that must be discussed is if
the operations of roll call for every class in the university can
be effectively handled by tutors who are familiar with their jobs.

With the rapid development of IoT, how to enhance the
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management level of classrooms in colleges and improve the
utilization of classroom resources has become the core of the in-
formatization construction of smart classrooms [18]. Generally,
several schemes have been proposed for managing or allocat-
ing resources in smart systems. For example, resource alloca-
tion algorithm and task scheduling strategy were used for edge-
computing based environmental monitoring system in [19]. In
addition, the development of a smart parking system suitable
for urban environment was proposed. The system assigns and
reserves an optimal parking space based on the driver’s cost
function that combines proximity to destination and parking
cost [20]. Similarly, some researchers designed a framework for
resource management in a pervasive loT environment with lim-
ited resources; by applying a use case study of IoT-based body
area network and proposed a model for resource management
in personal and community healthcare [21]. Furthermore, an in-
telligent decision-making model based on IoT data-driven tech-
nology, which offers significant insights and ideas was proposed
in [22], the resource allocation approach for services-oriented
IoT applications presented in [23], and many more. Given the
relevance of resources management in Smart systems, similarly,
an intelligent resource allocating scheme is proposed in this
study. Specifically, this research proposes an IoT-based smart
classroom for automatic seat allotment and effective monitoring
in real-time. This study will design, and deploy IoT sensors,
ESP82622, and middleware APIs with the benefit of provid-
ing a structured system for smart classrooms. The rest of the
paper is organized thus: Section 2 discusses the related work
on automated seat allocation, smart classrooms, and IoT ap-
plications. Section 3 presents the proposed IoT Seat allotment
framework and Algorithms. Section 4 presents experimental
setup and implementation procedures; Section S presents im-
plementation results and discussions, and Section 6 concludes
this paper and discusses potential future work.

2. Related works

Computer science as a field has seen the application of
several IoT implementations and several attempts have been
made to improve the metrics over the years. He et al. presented
an intelligent chair system based on the network of sensors
attached to chairs to collect certain information. The IoT
device Arduino board was used to get information about the
user through the RFID tag and if the pressure sensor on the
chair was occupied. Data were uploaded to the ThingSpeak
cloud. An Android application was also built to parse the
implemented stored data. It is also important to note that the
system developed doesn’t only proffer a solution to a problem,
it also lays the foundation for future works [24]. The authors in
[25] observed that technology plays a vital role in education. In
this scope, the role of the smart classroom is extensive. A digi-
tized classroom is quickly transforming the way both a teacher
and student learning in school by introducing meaningful and
resourceful use of technology. A smart classroom brings in
technology right next to the blackboard for teachers in the
classroom. The results of this research concluded that students
performed better when they were exposed to digitized learning
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materials compared to the traditional method of teaching.

In [9] the researcher investigates, “The potential Risks of
IoT device supporting IR Remote Control”, and discussed risks
like how IoT devices that support IR remote control can be
taken advantage of to leak data from a secured network using
malicious IR hardware module. Precisely, a malicious IR hard-
ware module is used to confirm the existence of such threats.
Majorly, IR signals are used for their novel purpose. Therefore,
it is difficult to differentiate the real signals and the fake sim-
ulated signals that are produced by an IR light-emitting diode
(LED) by the MIRM, which reduces the chances of detection.
The investigation in [26] pointed out that smart campuses and
smart classrooms are distinct situations. While the smart class-
room is made up of offline and online classroom pockets, the
smart campus refers to broad campus activities. It is possible
in certain circumstances that they intersect, they can also exist
void of each other. To be considered smart, technological
processes require colossal and diverse information databases to
enhance experience and power artificially intelligent systems
[27]. Physical environments which include towns and cities are
described as smart when they start to combine the IoT and Big
Data. Smart universities are developing smart environments
that are intimately tied to developments in smart cities. With
smart environments as such, individuals, governments, and
corporations accrue massive troves of data from widely spread
sensors and networks, utilities, social media, and other various
sources, to better understand, inform and manage to live in the
city [28]. The researchers in [29] revealed in their studies that
the use of smart classroom technologies in the teaching and as
well as learning process increases the productivity, interest, and
motivation of both the teacher and the students. The processes
of attendance, assignments, assessments and many tasks have
become much easier with the help of advanced technology.
Now, knowledge is taught through innovative methods. The
automation-based system provides a common infrastructure for
teaching and training initiatives in smart schools. Smart classes
have changed the trajectory and process of learning over the
past few years.

Authors in [30] studied the development of a scale for
the smart classroom by first compiling major scales to form
existing technology-integrated classroom instruments, in-
cluding Technology Integrated Classroom Inventory (TICI),
Technology-Rich outcomes-focused Learning Environment
Inventory (TROFLEI), and Computerized Classroom Er-
gonomic Inventory (CCEI). A Smart Classroom Scale (SCS)
was developed in this study using data gotten from primary and
secondary schools in China. The results show that SCS has a
magnanimous structure and sound psych properties. In [5], an
investigation was conducted on the advanced sensible room.
The sensible room was represented as an intelligent technique
for learning and education. The major aim of this analysis was
to circulate previous works connected to the sensory room.
The study reviewed a range of sensible school rooms used
in the recent studies, and the level of student acceptance and
use. The researchers in [31] designed an intrusion detection
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framework for energy-affected IoT devices such as sensible
homes, sensible offices/organizations, sensible transport, and
sensible education services. The study showed that the tech-
nique reduced the energy consumption and memory (overhead
performance), and is effective among affected devices. The
authors in [32] explained that [oT devices square measure the
driving force required for a sensible world, wherever the items
concerned play crucial roles in human’s regular activities.
Nodes square measure largely radio-frequency identification
tags, pressure sensors, or wireless sensors. In a general IoT
design, three basic layers exist application, perception, and
the network layer [33]. These layers have their problems
with security. The perception layer stores the physical IoT
devices that ascertain numerous parameters for its atmosphere.
If hacked into, it would be simple to extract very important
information from it. The network layer is the medium that
permits knowledge to be transferred between two alternative
layers. The application layer is involved with the storage of
knowledge, and analysis. For example, the physical hardware
at the perception layer can be managed by one supplier and
the network layer may additionally be controlled by another
network supplier. Knowledge at the application layer may be
maintained by a cloud service company and accessed from a
computer code developed by some alternative computer code
organization. An IoT node that has been compromised by an
assaulter can be trained and fed with false knowledge and this
might in flip be harmful as well as cause abnormal behaviors.
To keep the IoT nodes away from attacks, a trustworthy infras-
tructure is required. To improve the security, and privacy in
later engineered IoT networks, developments involving the 5G
wireless network, machine learning, distributed intelligence,
and blockchain technologies can increase. Effectively mis-
treatment of all these new rising technologies will offer space
for security problems [34]. The sensible school rooms offer
analyzers opportunities to research and experiment with new
ways of real-time observance technologies that will be used
in alternative scopes, that may embrace but not be restricted
to control and work management. The ability to observe
emotional changes mistreatment knowledge science and face
recognition, or cross-reference knowledge regarding location
with alternative patterns of life may simply be used to use
innocent people, staff, crowds, or unsuspecting shoppers, and
this may threaten the civil liberties of these individuals being
monitored. Personal management of sensible room chokes
teacher and student freedom [35]. Sensible school rooms that
rely on giant technology corporations, denationalize basic
functions like analysis, and assessment publicly colleges. If
such systems square measured and applied in colleges, most
room practices can be structured by the businesses that style
them [26].

Based on the literature, it is observed that several smart
classroom systems have been designed for effective virtual
interaction between teachers and students using various ap-
proaches in the artificial intelligence domain. The summary
of existing literature on automated seat allocation is presented
in Table 1; the strengths and limitations of the closely related
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methods of seat allotment are summarized. The main con-
straints deduced from the existing schemes are the lack of an
appropriate intelligent mechanism for seat allotment, inability
to monitor automated seats remotely, lack of efficient approach
to automatically allocate seat numbers to students, expensive
IoT components, and limitation of seat allotment software to
operate on selected variants of mobile devices. Additionally, it
was observed that most smart classroom frameworks lack auto-
mated seat allotment functionswhich make them unsuitable for
conducting a virtual examination or electronic examination and
effective monitoring of students in the smart classroom. Thus,
this paper aims to address the aforementioned challenges by de-
signing a robust and efficient digital seat allotment mechanism
suitable for the smart classroom using low-cost IoT infrastruc-
tures to further enhance the virtual learning experience and im-
prove smart classroom functionalities in developing countries.

3. Methodology

The IoT-based seat allotment was developed using a smart
application. Arduino Uno Wi-Fi Rev2 board are connected to
the Firebase server, and then there were connections of load
sensors and devices. The system was used to implement a
smart classroom that enables seat allotment and de-allocation.
An application with a user interface was used to control
the devices and commands sent from the application to the
Firebase server through the Wi-Fi. The application has an
interface that allows the admin users to allocate seats to a
particular set of users using a sorting algorithm, such that, two
students cannot possess the same seat at the same time. Radio
Frequency Identification (RFID) is a method of identifying
persons or items by using radio waves. This is a gadget
that takes messages from a wireless device or “tag” without
establishing physical contact or requiring a line of sight from
a remote [46]. The hardware was connected with RFID
sensors and a load sensor to detect whether a seat allocated
to a student is occupied at a particular point in time by that
student, and data is transferred to the cloud/server in real-time.
Every student would have to be found in the database using a
User ID (UID), which would contain a pre-registered number
of students as regards the available number of seats entered
into the database. The architecture as shown in Figure 1
is divided into two phases which are the Seat Records and
Information Management phase can be labeled the backend of
the system, while the Information service phase can be labeled
the frontend of the architecture. In the backend, RFID tags
were used to authenticate users, and such information is parsed
using the Arduino Uno Rev 2, which is connected to a Wi-Fi
module referred to as 8266. Information from the load cells is
transferred through the Arduino’s 8266 module to the Cloud
Server and Firebase and information is stored. In the Frontend,
allotment takes place after similar authentication as done in
the backend, and the information as to a vacant, un-allotted, or
allotted is displayed on the mobile application.

The Arduino Uno Wi-Fi Rev2 runs on the ESP8266 Wi-

Fi. This architecture was designed for the user end. The
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Table 1: Summary of the existing work

S/N Author Methodology Strength Limitation
1. Inamdar [36] Students Seating Ar- Allocation of seating ar- The system lacks an in-
rangement (SSA) and rangement and supervi- telligent mechanism that
Supervision Duties Allo- sion duties. Arranging allows students to moni-
cation (SDA) Algorithms students with a different tor their seats.
subject on a bench
2. Acharyya [37] Music Inspired Harmony The method helped to Constraints, when seat
Search Algorithm separate seats for stu- number is larger than the
dents offering the same number of students, were
subject not considered
3 Keerthi [38] Web-based Application Solved the problem of Lack of allocation of seat
exam hall clash numbers and monitoring.
4 Adetona [39]  web-based application The pairing of each stu- Seat numbers cannot be
using a Graph search denttoindividual courses accessed by students re-
algorithm was solved motely
5 Chaki & Anir-  Seat allocation algorithm  Solved the problem of The system does not pro-
ban [40] exam seating arrange- vide the optimum result
ment 4 for the worst case
6 Mhamane & QR Code The vacant seat of the The seat number cannot
Shriram [41] unavailable passengers is  be monitored remotely.
allocated to the waiting
passengers. The method
helps to solve the prob-
lem of waiting time.
7 Singh S. etal., Concentrated on how dif- Methods are employed to Due to incorrect assign-
[42] ferent strategies are uti- reduce the system’s cost. ment, some methods are
lized to complete assign- not optimized.
ments.
8 SL & Sam- RFID was combined This method gives The system is operated
sudeen [43] alongside GPS technol- data for forecast- manually.
ogy. ing,congestion detection,
travel route planning,
and modeling in the
future.
9 Menon et al. The bus’s unoccupied IoT was used to forecast Installation of expensive
[44] seats were calculated real-time traffic on roads. IoT-enabled components
using sensors at the entry raises system costs.
and exit points.
10 Nagadapally Passengers’ waiting time  Shows the actual position  This method will not of-
et al. [45] is reduced by combining of the bus. fer a precise result if

GPS monitoring with a
mobile application to ob-
tain the actual location of
the bus on a map.

there is a shortage of data
in the mobile device, and
it only works with certain
variants of Android and
iOS.

application requires student’s signup at the beginning which
is for one time. Mandatory fields include the matric number,
email address, and password. This information is stored in
the static database and information can only be retrieved
with details matching that user. The android application was
used to control the hardware which is developed using Java
programming language while Arduino programming language

scripting is used to communicate with the Arduino Uno Wi-Fi
Rev2. The designed algorithms for this system are robust and
scalable, it also has a low communication complexity, meaning
there is a low number of sent messages within the network.
The procedure for Registration is presented in Algorithm 1.
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Figure 1: Architecture of IoT connection

Algorithm 1: Registration on Application

Input: U — User Id, P — Password, E — Email, Se —
Secret answer

Procedure:

1, START

2, ForU = p&& Pl=u && E != D&& Se = ¢ DO

2, database ( ).update
3, DISPLAY ‘registration success’
4, END FOR

5, Begin registration-process

6, {

7, If (U=08&&P==P&& E=—=D&& Se!-=0,)
8, {

9, DISPLAY “enter all fields’

10, }

11, End registration-process

12, STOP

Output: DISPLAY

Line 1 initiates the algorithm; the registration algorithm
requests certain inputs for the system to initiate registration.
The inputs in this section must be completed for the registration
to finalize. Line 2 checks to see that the required input fields
are filled. If they are filled, the inputs are then stored in the
database using a database update function and the registration
is complete. If fields are empty, line 9 displays a message that
says “enter all fields”.

The Login process is presented in Algorithm 2; the database
is first initialized in line 1. Line 2 selects user details from the
initialized database. The inputs are checked with data in the
database for any match. If there is a match, a message “login
successful” is thrown, then the landing page where activities

can be carried out is displayed. A method is initiated called
alled session_begin() to process activities. If there isn’t a match
in the database, a message with wrong details is thrown.

The operations on the application is presented in Algorithm
3. The Begin Session-process must be initialized before
operation can be carried out on the application. There are two
options to choose among the operations to be carried out. Line
3 states if a user selects “ALLOCATE”, then the database () is
initiated to be searched and fetches data as regards a list of all
students, and seat numbers in the database. Line 8 states that
where Student is not equal to a seat, then the user has only the
option to allocate an unallotted seat. Whereas line 12 states
that if a user selects “DEALLOCATE, database () is initiated to
be searched and fetches data as regards the list of all students,
and seat numbers in the database and deallocation can occur.
The device status is requested through the Dev_st method
represented in Algorithm 4 and line 2 states that if Dev_st is
ON, then Wi-Fi protocol is initiated and communication to
Server is established. For as long as the Server is connected,
hx711 amplifies data and pushes it to the firebase database.
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Algorithm 2: Login on Application

Input: U — User Id, P — Password
Procedure:

1, START

2, SELECT Uy ...........U, from database()
3, Begin login-process

4

5, For (U && P € database ())

6, {

7, DISPLAY ‘login successfil’

8, DISPLAY landing page

9, Begin Session.check()

10,

11, FOR (U && P & database())
12, ¢

13, DISPLAY ‘wrong details’

14, }

15}

16, STOP

Output: DISPLAY

4. Implementation

The system was implemented using Arduino Integrated
Development Environment, to send and receive signals from
the Arduino Uno Rev2 device on twenty seats in a classroom
and was evaluated using metrics like time saved (m), cost (),
accuracy, and sensitivity (ms). The arduino IDE provides a
service-based based approach to communicating with Arduino
devices, in general, using software development. The proce-
dures are written as a set of instructions and services which
are then interfaced by a Console Application that calls the
services. Each resource resourc in the system has a designated
service that exposes its functions to the Console Application
to call as required. The resources are RFID Tags, Load Cells,
the Arduino board, and the Web Application interface that
processes the allotment and de de-allocation. To implement
the physical seat allocation system, three procedures are
needed to be fulfilled and put into place. The first procedure
involves the Arduino Uno Rev2 device and the Arduino IDE.
The Arduino Uno Rev2 device was used to communicate
between devices over the Internet. To communicate with
the Arduino device, it must first be plugged into a computer
device that has Arduino IDE installed on it. The Arduino IDE
is installed from the Arduino official website. The Arduino
IDE version used in the implementation of this work is the
Arduino IDE 1.8.1.5 Windows Operating System Version.
On loading the application, the first step is to install the
Arduino megaATR board as shown in Figure 2 which includes
the board used in this implementation; the Arduino Uno
Rev2 board. Thereafter, the library that activates the Wi-Fi
module (Wi-FiNINA) was installed on the IDE as shown
in Figure 3. On complete installation of the board, and the
Wi-Fi libraries, the device can then be used without being
directly connected to a computer system through its Wi-Fi
features. The last step in this procedure is the installation of the
firebase and HX711 libraries respectively as shown in Figure 3.
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Algorithm 3: Operations on Application

Input: SELECT

Procedure:

1, START

2, Begin Session-process

3, If (SELECT = “Allocate™)

4 |

5,  Begin Database-search

6, |

6, Students list 1s fetched
7, Seat’s numbers are fetched
8, Where (student !=scat)
9, Allocate

10, }

11, end database-search

12, ELSE

13, {

14, Begin Database-search

15, {

16, Students list 1s fetched
17, Seat’s numbers are fetched
18, Where (student = seat)
19, Deallocate

20, }

21, end Database-search

22, }

23, end session-process

24, STOP

Output: Database() update

Algorithm 4: Software on Hardware implementation

Input: Dev_id —Device Id, C1 — WiFi Client,
Server — Firebase, Seat — 0, Dev_st — Device Status
Lcd_st — LCD Status
Procedure:
1, START
2, Select Dev_st()
3, Begin Device-connection

4,4

5, If (Dev_st() = ON)

6, {

7, Wifi protocol INIT

8, Connect to Server

9, }

10, For (Server = CONNECTED)
11, {

12, seat = HX711(value).begin
13, seat = 1 — firebase().push
14, led_st_green = on

15, }

16, }

17, end Device-connection

18, STOP

Output: Dev_st; Lcd_st
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Figure 3: Firebase Library Installation

Table 2: Evaluation of Traditional Seat Allotment against IoT Allotment

No of the Seat Allot- Time Taken Time Taken for IoT

ted for Traditional ~ Allotment(M)
Allotment(M)

1 1 0.5

2 2.5 1

5 4 2

Figure 4: HX711 Connection

The HX711 library ensures that the Arduino board can amplify
the readings gotten from the load cells, while the Arduino
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Figure 5: HX711 Output
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Figure 6: Firebase Cloud Server connection

firebase library for Wi-FiNINA allows the Arduino board receiving data. The second procedure involves the hardware
to communicate with the firebase cloud server, sending and implementation and setup of the devices used for this project.
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Figure 9: Evaluation of Traditional Seat Allotment against IOT Allotment
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Figure 10: Sensor Comparison by Accuracy
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Figure 11: Sensor Comparison by Cost and Sensitivity

Table 3: Sensor Comparison by the accuracy

Sensors Accuracy (%)
Capacitive Sensor 85
Ultrasonic Sensor 86
Infrared Sensor 88
Load Sensor 89

Temperature Sensor 62

Table 4: Sensor Comparison by cost and sensitivity

Sensors Cost  Sensitivity (ms)
Capacitive Sensor 1,700 700
Ultrasonic Sensor 800 1,000

Infrared Sensor 4,500 1,100
Load Sensor 1,300 500
Temperature Sensor 2,500 1,000

The Arduino board is powered on, using a 12Volts power
adapter which is plugged into a power outlet, as shown in
Figure 4. After powering up the board, RFIDs and load cells
are attached to the seats and powered using a direct current
from the power source. The load cells are connected to the
HX711 amplifier in the order of Red: E+, Black: E-, White:
A-, and Green: A+. The white wire connects to the digital
Pwm 2, and the green wire connects to the digital Pwm 3 on
the board. This connection had to be precise, else the board
would not be able to read the values from the HX711 amplifier.
After a student is authenticated and occupied the seat, the 20kg
load cells collected readings and sent them to the Arduino
board, which was then stored in the firebase cloud server.

The load cells also determined when exactly the student
stood up from the allotted seat and sent the readings to the Ar-
duino board. The last procedure works with the application that
implements the changes to the state of the seat. The applica-
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tion works with an SQLite database of a pool of formulated
student names. The admin user then allocates seats to particu-
lar students and then deallocates seats. The application is con-
nected to the firebase cloud server; this is the same cloud server
and database to which the Arduino device sends its readings,
through its Wi-Fi functionality. When a seat is allocated, the
student uses the RFID tag to bypass authentication, and the Ar-
duino signals the application that the seat has been occupied. If
the students don’t pass the authentication, the Arduino signals
the application and the seat can be red-flagged by the admin
user. The user could also deallocate a seat. Any deallocated
seat would also be red-flagged if the load cell reads anything.
The application serves as a means for a non-tech non individual
to be able to communicate with the Arduino, give instructions
and signal the device comfortably.

Another section of the application is the student user. The
student user is allowed to create an account after which they
can then be allotted seats on the application. Information from
this section is stored in an SQLite database and can be retrieved
by the Admin user to carry out operations on it. Figure 5 de-
picts the output of the HX711 Output. Figure 6 shows values
acquired from the Load cell, starting from when pressure was
put on it to when there was no pressure on it. The output of
this can only be viewed using the baud rate of 57600 as shown
in the figure. The output gotten from the HX711 amplifier is
retrieved in a loop function, hence the recurring output would
continue to read. Figures 7 and 8 show the output from the
firebase cloud database to the mobile application developed us-
ing Android studio. The output is parsed into the application in
the backend which then gives a string value of “Occupied” or
“Unoccupied”. Table 2 depicts the performance of IoT based
system against the traditional system.

5. Results

The system performance is evaluated to ascertain that this
technique is very effective and efficient using two metrics; these
are traditional classroom seat allotment and similar sensor-
based systems for seat allotments. The traditional classroom
seat allotment metric measures the amount of time taken to al-
lot seats in a traditional classroom, compared to the time taken
to allot seats under an IoT classroom using the developed sys-
tem. The time taken for this system to allot seats is considerably
low compared to a traditional system. Figure 8§ shows the time
taken for the allotment of a total of 20 students. The allotment
is carried out twice for each sample case of the number of seats
and the average time taken is recorded in each case. This shows
that the system is fair.

On the other hand, the similar sensor sensor-based systems
for seat allotment focused on the cost of the sensor, sens sen-
sitivity, and accuracy and then, compare with similar systems.
It is seen that the system performed excellently in most com-
parisons being carried out under this metric. Tables 3 and 4,
and Figures 9 and 10 show the comparisons between capaci-
tive sensors. It shows that the chances of error are quite low
which signifies that the system is good. This sensor uses elec-
tric currents to check if a seat is occupied, Ultrasonic Sensors
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measure distance and objects in their surroundings using ultra-
sonic waves reflected from objects in their surroundings, In-
frared sensors use optoelectronic components with spectral sen-
sitivity to detect things in its surrounding, load sensors which
uses displacements of seat position using mass, and temperature
sensors which measure the temperature change in the environ-
ment to determine if the seat is occupied. Furthermore, Figure
11 shows the graphical implementation of the analysis between
sensors in terms of their cost and sensitivity.

The empirical analysis revealed that the IoT seat allotment
implemented using a load cell is highly recommendable and
gives optimal results as well as a reasonable choice for a large-
scale implementation compared to other research and systems
similar to this work. Generally, it is concluded that the system
is not expensive, is accurate, and is highly sensitive to response
and change in its environment.

6. Conclusion

This research focused on using IoT devices to better im-
prove overall seat allotment in a classroom, which saved time,
improved accuracy, served as a means of security, as well as
elevation of general classroom awareness. Seats were allo-
cated and deallocated successfully through sensors connected
to the seats. The connection of devices over wireless networks
is indeed the next generation of computing as it becomes more
seamless over time. IoT can help enhance classroom instruction
by saving time, improving techniques and methods of learning,
and saving costs. It was discovered through this project that
a group of devices connected over a network framework using
the Arduino Uno as a basis, can be used to develop a smart
seat allotment platform for classroom settings. Classroom per-
formance metrics improved with the inculcation of technology
into the learning environment. The key idea is to take away
manual allotment and save time and resources by being able to
automatically allot seats even without being physically present
with the seats or students in this view. Resource reciprocation
is also carried out by the database networks which help ensure
that the admin continues to get data, changes in data, and their
requests are being carried out. The Seat-Solution Algorithm is
implemented on Arduino IDE using C++, and Java for mobile
applications. The results of prototype testing and deployment
revealed that the proposed seat allotment solution can improve
Google classroom or other smart classroom facilities by assign-
ing virtual seats for each candidate which will automatically up-
date student attendance, keep a record of their activities in the
virtual classroom, and provides an atmosphere close to the real
classroom experience. Furthermore, the seat allotment solution
is also suitable for automatically allocating seats for students
in physical examinations, especially for large classes.The Seat-
Solution algorithm can be improved upon by introducing other
means of connection like Infrared connections and Bluetooth.
Though these means are not necessarily faster or more versatile
than the Wi-Fi connection used in this project, it allows a user
to be able to decide what connection module they would prefer,
and could also be expanded to cover more devices in the class-
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room environment like fans, smart boards, and other electrical
devices, to further automate the classroom environment.
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