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Chapter

A Systematic Review on IoT-Based
Smart Technologies for Seat
Occupancy and Reservation Needs
in Smart Libraries at Institution of
Higher Learning

Magauwane Reneilwe Maepa and Michael Nthabiseng Moeti

Abstract

The introduction of industry 4.0 technologies, including artificial intelligence
(AI), the Internet of Things (IoT), and other cutting-edge technological develop-
ments, has completely transformed traditional library practises in higher education.
Despite the topic’s unquestionable importance, the main objective of this chapter is to
address the effects of IoT technology and it is inconsistent and dispersed. However,
there are various challenges, such as accurate reservation methods, real-time seat
occupancy tracking, and reservation time estimation. To discover, compare, and char-
acterize current investigations in the Smart Library Seat Occupancy and Reservation
system (SLSORS), this proposed book chapter examined articles published between
2016 and 2022. In the SLSORS, we will also give a thorough taxonomy and perform
a technical analysis of the articles. This provides the much-needed clarity regarding
the problems associated with SLSORS and their available literature-based solutions.
The fundamental taxonomy is framed by the reservation security, seat reservation,
seat selection, and seat availability criteria. Thus, the benefits and drawbacks of
the selected approaches are also offered, along with a full comparison of evaluation
methodology, evaluation tools, and evaluation metrics. Furthermore, this chapter
incorporates all processes and method for SLSORS and drew attention to the ongoing
challenges that this chapter is seeking to address.

Keywords: internet of things (IoT), radio frequency identification (RFID), force
sensitive resistor (FSR), smart library, seat occupancy and reservation, wireless sensor
network (WSN)

1. Introduction

The Internet of Things (IoT) has grown more popular and accepted in the library
industry to improve operations, thanks to the increasing use of smart devices and
fast networks. As a result, the use of Internet of Things (IoT) in libraries has raised
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discussion in the academic community. Devices may now connect directly with one
another and with the cloud thanks to IoT, which improves the delivery of services in
businesses. The requirement for real-time information and high-quality data is gradu-
ally growing, particularly for seat occupancy status and reservation in the libraries, as
more students are admitted each year. Smart technologies are also being used in every
aspect of library services and workflows. To improve the service experience for users,
libraries have shown persistence in implementing new technologies.

IoT is the collective term for any connected devices that use the Internet to col-
lect data that can then be used to automatically monitor and operate objects without
the need for human interaction. Most studies found that numerous new technology
inventions trending nowadays are more advantageous because they can really sim-
plify our lives. Of which one of the foremost drivers of the future smart spaces is the
Internet of Things (IoT) [1-3]. Boboc and Cebuc [4] define IoT as the sum of devices
interconnected over the Internet, with data collection ability to monitor and control
things remotely without human intervention. Therefore, the application of IoT will
enhance the value of education process in the education environment because it will
allow students to learn quickly [5].

Similarly, Abuarqoub et al. [1] also describe IoT as a system that connects daily
things embedded with electronics, software and sensors to the internet enabling them
to gather and exchange data. According to Bayani et al. [2], IoT is utilizing smart fea-
tures of Radio Frequency Identification (RFID) and Wireless Sensor Network (WSN)
technologies to change everyday life. Hence, its objective is to enhance our everyday
devices and appliances to be less sophisticated, automated, flexible and highly acces-
sible at any time, from anywhere, by any user across the world [1].

According to Brian et al. [6], the principle of developing a connected library
system where the user can use their mobile phone to connect to the library system
is advantageous and beneficial since almost everyone nowadays has a smartphone
device. Upala and Wong [7] and Daniel et al. [3] concurs that IoT can connects
numerous devices to expand operational efficiency, real-time visibility, and user
learning experiences because of its outstanding potential in the education sector.
They revealed that new research opportunities and feasible solution are possible
through the development of smart library system utilizing IoT.

It is therefore undeniable that the application of IoT promises a brighter future
for libraries [8], but scholarly research is needed to determine how well libraries will
embrace this trend considering its prospects and challenges. Numerous research has
been done on the implementation of smart-library seat occupancy and reservation
to provide students with the luxury of checking seat occupancy status and reserving
seats online without librarian interaction Maepa and Moeti [9] utilizing various IoT
technologies. And also challenges, drivers, and obstacles were also discussed from a
variety of angles Daniel et al. [3] have all conducted several previous literature review-
based studies to evaluate the development, trends, gaps, and future research direction
in the IoT sector. Although numerous studies have examined IoT-based research from
various angles and for various amounts of time [1-3, 7, 9]. Even though the use of IoT
in libraries is growing and that there is an increase in research into the topic [10], a
study that looks at libraries in developing nations reveals a knowledge gap.

To ascertain the validity of the aforementioned assertions, it may be helpful to
conduct a systematic literature review (SLR) study to see if there have been any
empirical studies that examined IoT and the technologies that it enabled for seat
reservation needs in smart libraries. Therefore, the objective of this book chapter
is to conduct an SLR in order to (i) ascertain whether empirical studies have been
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conducted that address the effects of IoT technology and its inconsistent and dis-
persed nature for seat occupancy and reservation needs in smart libraries, and (ii)
discover, compare, and characterize current investigations in the SLSRS and (iii)
determine from which databases such studies, if any, are extracted. Even though
there are existing reviews that looked at the emerging smart library systems using IoT
technologies, this research is different as is only focusing thoroughly on the element
of seat occupancy and reservations to improve library usage as a step to enhance
academic excellence and time management. This book chapter seeks to respond to the
following research queries (RQs) by reviewing the available research.

* What are the benefits of IoT-Based smart library seat occupancy and reservation
systems?

* What are the existing technologies and methodologies that enable IoT-Based seat
occupancy and reservation in smart libraries?

* What are the main unresolved problems, potential developments, and difficul-
ties in IoT-based smart library seat occupancy and reservation systems?

This Chapter used primary research publications to conduct an in-depth investiga-
tion into the present drawbacks and advantages of smart library seat occupancy and
reservation systems and to better comprehend the various models put forth by vari-
ous writers. Illustrated are the various holes and restrictions in the current IoT-based
seat occupancy and reservation systems. Consequently, the chapter excludes other
library management systems providing support for teaching and learning activities
such as obtaining and reserving library books.

2. Literature review

This section begins with a study of the Internet of Things and its characteristics
before highlighting the shortcomings of the present smart library systems using IoT
technology. This will assist identify the gap that exists in the systems already in use.
Before illustrating the quality of seat occupancy and reservation, a description of SA
university library operations, smart systems, and IoT-based smart library systems
is given. By highlighting the gap in the literature, outlining the shortcomings of the
current seat occupancy and reservation systems, and concluding with a summary of
the chapter, related works are accessed to provide a thorough understanding of the
IoT-based smart library seat occupation and reservation systems currently in use.

2.1 The nature of the internet of things

The Internet of Things (IoT) is the trending technology that simplifies lives
nowadays and it also enables the real, digital and virtual convergence to develop
smart surroundings that make energy, transport, cities and many other areas more
intelligent [4]. Internet of things describes a system that connects daily things embed-
ded with electronics, software and sensors to the Internet enabling them to gather
and exchange data [1]. According to the Jayawardena et al. [11], four communication
models, namely device-to-device, device-to-cloud, device-to-gateway and back-end
data sharing, affect the IoT. These four communication models describe how IoT
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objects connect with one another to exchange data. Organizations can effectively
leverage the adaptability of IoT connections to suit their various purposes by utilizing
the various communication methods. The Internet of Things (IoT) is the connecting
of common objects or things for interaction and data sharing for planning, process-
ing, or decision-making, as can be inferred from the aforementioned.

According to Boboc and Cebuc [4], all tangible and intangible things in our daily
life are predicted to be connected to the Internet purposely to advance the way people
live, work or interact. Nevertheless, Goyal et al. [12] stated that IoT affords all tan-
gible and intangible things with unique identifiers (UIDs) and the ability to transfer
data over a network without needing human-to-human or human-to computer
interaction. Hence, its objective is to enhance our everyday devices and appliances
to be less sophisticated, automated, flexible and highly accessible at any time, from
anywhere, to any user across the world [1]. For this reason, IoT has bridged across
various application fields, and it combines many technologies [13].

Boboc and Cebuc [4] defined Internet of things as an innovative technology that
incorporates billions of smart objects into our daily life to enhance social, technical,
and economic benefits. According to Mohamed et al. [5], the application of Internet
of things will enhance the value of education process in the education environment
because it will allow students to learn quickly.

2.210T technologies

IoT links heterogeneous items together, using embedded systems, such as wire-
less connectivity, computers and wireless smart sensors. According to Jha et al. [14],
there are several technologies utilized by IoT such as Internet protocols, communica-
tion technologies, CPS, WSN, RFID, and condition awareness [15]. They further
categorized devices like storage devices, servers for computing data, security devices
for protection, control devices, devices for sensing, capturing, and generating data
and some portable devices as the hardware part of IoT. Similarly, Alam et al. [16]
highlighted the fact that a few of the technologies related to IoT-enabling include
actuator, radio-frequency identification (RFID), wireless sensor network, Near-Field
Communication (NFC), M2M communication, and IPv6 over Low-Power Wireless
Personal Area Networks (6LoOWPAN).

Furthermore, Goyal et al. [12] stated that IoT devices which are utilized for moni-
toring and tracking comprise of small silicon chips with finest processing capabilities.
Communication technologies like GPRS, GSM, Mesh Network, LTE, ZigBee and
Wi-Fi are utilized. Contrasting to this, technologies such as NFC, RFID, GNSS & BLE
are employed in tracking. However, for detecting vibration, pressure, temperature
and humidity, it uses sensors powered by small battery, short burst power bank and
solar energy [12].

According to Bansal and Kumar [17], IoT works with emerging technologies like
big data, artificial intelligence, Wi-Fi, networking technology and sensing instru-
ments because it is an analytical system. This supports the idea that IoT works best
when combined with a variety of technological solutions. However, Albishi et al. [18]
noted that the majority of IoT frameworks call on technologies including networking
setups, cloud computing setups, internet, and other software applications. Hence,
they recognized situation awareness and cognition, autonomy, cloud computing,
semantic technologies and semantic technologies as linked future internet technolo-
gies for the Internet of Things.
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Berek [19] stated that the RFID technology has been used in libraries for years
and since its appearance, there has been remarkable solutions applied in the libraries
field according to their special requirements. Libraries are gaining new opportunities
owing to the continuous technological growth. In accordance with Li [20], RFID isa
wireless, non-contact technology that transmits data from a tag connected to a device
to track and identify it. Hence, Misra et al. [21] noted that the use of RFID in IoT
will support wireless connectivity of small devices and help maintain track of smart
objects within the IoT framework in real time. Thus, Radio frequency waves are used
for data exchange in the IoT and RFID technology combination to improve device
connectivity. Nevertheless, businesses utilizing the IoT framework can connect vari-
ous kinds of products devoid of transducers like wireless sensors and actuators. As a
result, organizations like libraries can set up self-service features, maintain security
and keep an eye on operations thanks to RFID.

2.3 Characteristics of IoT

IoT describes a system that connects daily things embedded with electronics,
software and sensors to the internet enabling them to gather and exchange data [1].
According to Mohamed et al. [5], IoT is one of the internet phenomena that has
successfully disrupted our daily life. Hence, it has grown more popular and accepted
in the institutions of higher learning to improve operations, thanks to the increasing
use of smart devices and fast networks [3]. Thus, IoT has made it possible for devices
to link directly to one another and to the cloud, which improves service delivery and
management strategic planning in businesses [12]. Hence, Sundaravadivazhagan et al.
[22] and Bayani et al. [2] characterized IoT as follows:

* Connectivity: Internet connectivity is attached with in the devices and sensors.

* Communication: Everything is unified with comprehensive evidence and com-
munication structure.

 Things related services: IoT is capable of traditional and non-traditional
computer things related services.

* Security: IoT may be transmitting sensitive data, it is very significant to give
data privacy and security.

* Energy Efficient: The IoT devices should have power backup.
* Sensing: It is an important supporting device in IoT.
* Heterogeneity: The IoT devices based on hardware and network platforms.

* Dynamic Environment: The [oT devices support a dynamic environment.

* Enormous scale: The IoT technologies support to control a greater number of
devices which interact.

These characteristics are depicted as follows (Figure1).



Internet of Things - New Insights

Energy
Efficient

terogeneity
Dynamic
Environment
Figure 1.

IoT characteristics (adapted from: [2, 22]).

2.4 10T applications

The Internet of Things (IoT) applications are categorized into a wide range of
application domains, including wearables, smart homes, smart cars, smart infra-
structure, smart healthcare, agriculture, manufacturers, supply chains, logistics,
social and business applications [23]. As more devices connect to the Internet and
become IoT enabled, the number of IoT applications is growing [24]. Today’s com-
monplace applications make use of smart devices. They can ‘speak’ with one another
and exchange vital information and data [10]. Hence, the adoption of traditional
distributed system programming methods is hindered by the unique characteristics
and needs that each application area possesses [23].

2.5 Smart systems

In the academic community, the term “intelligent” or “smart” systems refers
to a wide notion with the aim of maximizing productivity through the applica-
tion of cutting-edge information, communication and computing technology [1].
The advancements in general IoT research provided the ability to utilize intelligent
systems in industrial applications. The idea of “smart” in this context, has more in
common with Industry 4.0 than with conventional logic. It includes complex logical
operations and algorithms; it is not merely limited to simple logical operators. While
describing systems as “smart,” there have been some misconceptions in this area of
research. Often, researchers will classify a wireless or automated system as “smart”. A
machine that relies on input signals, range comparisons, triggers and output, cannot
be referred to as intelligent and is merely an automated system. The use of smart tech-
niques in emerging systems is assisting in reducing times, the demand for manpower,
and the level of skill required to maintain the systems and improve the quality of the
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output. Using cutting-edge learning methods, such as machine learning, IoT and Al
can strengthen and broaden this idea [25].

There are several practical uses for IoT technology, including Industry 4.0, smart
agriculture, smart cities, smart transportation, smart homes, eHealth, and wearables
[25-27]. According to Boboc and Cebuc [4], all tangible and intangible things in our
daily life are predicted to be connected to the Internet purposely to advance the way
people live, work, or interact. Hence, Industry 4.0’s objective is to enhance our every-
day devices and appliances to be less sophisticated, automated, flexible and highly
accessible at any time, from anywhere, to any user across the world [1].

2.6 Development of the IoT-based smart library

Naturally, the term “smart library” implies that libraries have developed to the
point where they are now a crucial element of smart cities or smart university cam-
puses [19]. Smart technologies are also being used in every aspect of library services
and workflows. To improve the service experience for users, libraries have shown
persistence in implementing new technologies. As a result, the use of the Internet of
Things (IoT) in libraries has raised discussion in the academic community. Devices
may now connect directly with one another and with the cloud thanks to IoT, which
improves the delivery of services in businesses. It is undeniable that the application
of IoT promises a brighter future for libraries [8], but research is needed to determine
how well libraries will embrace this trend, considering its prospects and challenges.
Even though the use of IoT in libraries is growing and that there is an increase in
research into the topic [10], a study that looks at libraries in developing nations
reveals a knowledge gap.

2.6.1 Components of an IoT-based smart libvary

The traits and elements of a smart library can be divided into three categories,
namely smart people, smart services and smart technology [28]. These elements
working together, is a prerequisite for a smart library. At the same time, the smart
library cannot be realized if any one of the following conditions are not met:

* Smart technology - The library accepts the technological advancements
requested by its patrons because they are already prevalent in all facets of
modern life.

* Smart services - To meet user needs, services should be planned and imple-
mented. At this level, operations can be user-friendly and service oriented.

* Smart People - At this level the library patrons in addition to the personnel are
also considered.

Users must demand the possibilities provided by new technologies, but librar-
ians must also be able to explain the new method of working to library patrons and
educate them about it, in addition to simply understanding it themselves. These
elements interact, but they also reinforce and strengthen one another in all directions.
The component parts work together to create a complicated whole.

The availability of technology is one of the elements that defines smart libraries
[10]. The way services are organized will be affected by how technology is adapted
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and used in other fields. The online systems of the library are made possible by a
variety of technologies, including wireless systems, RFID, LED and the Internet of
Things (IoT) technology [13]. Although it may be argued that these technologies
alone do not form a smart library, it is impossible to develop the services that today’s
library customers have come to expect without them [10].

2.6.1.1 Challenges of IoT in libraries

The current condition of IoT in libraries in developing nations varies from one
library type to another and from one country to another, even though technologi-
cal maturity is a factor in adopting improvements [3]. According to Patel et al.
[28], optimal resource management is still a difficulty, given that IoT infrastruc-
ture is unevenly spread globally and is focused on high-income nations, even
though the integration of intelligent technology offers limitless potential in precise
university libraries. This suggests that the existing level of universities involve-
ment in IoT deployment is insufficient to ensure the innovation is adopted as best
as possible [10]. Hence, Bayani et al. [2], mentioned that universities should build
up systems that encourage the use of new technologies to assist technical advance-
ments. Their assistance in assuring a steady electrical supply, lowering ICT tariffs,
and guaranteeing greater network bandwidth with improved connectivity in pub
spaces would therefore be expected to influence libraries in poor countries to
adopt IoT [28].

According to Liang [10], high security and privacy standards are necessary for IoT,
which is why they have turned into elements influencing its acceptance. The author
pointed out that while using the IoT, libraries need to warn users about the potential
vulnerability of their network, hardware and software. Additionally, there is a risk
that some of these devices or connecting tools could have user interface vulnerabili-
ties when multiple devices are interconnected or made to perform interactively [23].
This creates significant privacy and security concerns for IoT applications in libraries.
Libraries must therefore implement measures to protect their infrastructure from any
risks and hazards posed by IoT applications [10, 23].

The adoption of a certain technology used in IoT may be impacted by physical
risk, which is a person’s concern that it could be harmful, dangerous, or unhealthy,
according to Mani and Chouk [24]. Therefore, when library staff and customers
perceive using IoT as being of high risk, it will have a negative impact on its uptake.

2.6.1.2 Overview of the library seat occupancy and reservation systems

According to Daniel et al. [3], the IoT model has been espoused in all study
fields with emphasis on the connection of everything to the Internet. The Internet
of Things is shifting generations from predictable systems to SMART systems and
is mostly employed in urban areas [29]. Nevertheless, it has some implementation
difficulties, such as the cost of IoT devices, its development and outline, techni-
cal standards and flexibility [7]. However, as declared by Daniel et al. [3], the
adaptation of these technologies in the library system eases challenges faced by
management concerning to self-servicing, monitoring and tracking of resources in
the library.

This overview of the library seat occupancy and reservation systems further
analyses the applications and functionalities of the existing IoT-based seat occupation
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and reservation systems and identifies the possible methods, tools and techniques for
implementing an IoT-based smart library system.

Most studies found that the use of numerous new technological inventions devised
nowadays, are more advantageous because they can really simplify our lives [30-32].
One of these numerous new technological inventions and foremost drivers of the
future smart spaces, is the Internet of things (IoT) [1-3]. Boboc and Cebuc [4] define
IoT as the sum of devices interconnected over the Internet, with data collection ability
to monitor and control things remotely without human intervention. Therefore, the
application of IoT will enhance the value of the educational process in the education
environment because it will allow students to learn quickly [5].

Similarly, Abuarqoub et al. [1] describes IoT as a system that connects daily things
embedded with electronics, software and sensors to the Internet, enabling them to
gather and exchange data. According to Bayani et al. [2], IoT is utilizing smart fea-
tures of Radio Frequency Identification (RFID) and Wireless Sensor Network (WSN)
technologies to change everyday life. Hence, its objective is to enhance our everyday
devices and appliances to be less sophisticated, automated, flexible and highly acces-
sible at any time, from anywhere, by any user across the world [1].

According to Brian et al. [6], the principle of developing a connected library
system where users can use their mobile phones to connect to the library system,
is advantageous and beneficial, since almost everyone nowadays has a smartphone
device. Upala et al. [7] and Daniel et al. [3] concur that [oT can connect numerous
devices to expand operational efficiency, real-time visibility and user learning experi-
ences, because of its outstanding potential in the educational sector. They reveal that
new research opportunities and feasible solutions are possible through the develop-
ment of a smart library system utilizing IoT.

2.6.1.3 Using the RFID technology system in libraries

There are many places that are currently equipped with sensors for temperature
detection, traffic automation, and vehicle and UAV autopilot [2]. Thus, IoT and
its supporting technologies, such as M2M communications, V2V communications,
RFID and NFC may power a variety of applications. Nevertheless, Bayani et al. [2],
stated that IoT has a promising future with the increasing connectivity of devices and
objects.

RFID is a barcode replacement that employs tiny microchips in tags to store and
send extensive data in the database about the item being tagged [33]. Nevertheless,
Hirekhan [34] described it as the usage of microchips and library cards, enabling
clients to check out items by going through a self-service station equipped with an
antenna that transmits low frequency radio waves. Hence, it is pointed out that it can
be used to identify, track, sort, or detect library holdings at the circulation desk and
during daily stock maintenance [34]. The notion of RFID can be compared to that of
an electronic barcode. An RFID system primarily consists of the following four parts:

* RFID transponders or tags that have been electronically programmed with
special data.

» Tag-querying sensors.

¢ An antenna.
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e Server on which the integrated library software’s interface program is loaded.

This technology made up of smart RFID labels, related hardware and software,
gives libraries a better way to manage their collections while also giving their custom-
ers better service [35]. RFID-tag reading does not require manual interactions. The
functions and advantages provided to the library with the utmost care using RFID
technology include the reducing of manual involvement, reduced manual errors, and
enabling quick book issuing, reissuing and searching [36]. Below are the advantages
of RFID system:

Rapid Charging/Discharging: The usage of RFID shortens the time necessary to
complete circulation processes. The information from RFID tags can be read much
more quickly than from barcodes, and multiple objects in a stack can be scanned at
once. This accounts for the biggest time saving. Despite being originally unreliable,
the anti-collision algorithm that enables the charging or discharging of a whole stack
currently seems to be performing smoothly since then.

Patron Self-Charging/Discharging Simplified: For patrons’ self-charging, there has
been a noticeable improvement because they are not needed to meticulously position
materials within a specific template and they are able to charge multiple products at
once. When customers self-dispense, staff no longer have to do the work. The installa-
tion of backdrop readers significantly relieves the staff’s work.

High Reliability: You may rely on the readers. To detect the items leaving a library,
certain RFID systems incorporate an interface between the exits sensor and the
circulation system. If a customer hurries out of the library without being too closely
observed, the library would at least be aware of what had been taken. The library will
be able to identify who takes an item out without paying for it if the user card also
includes an RFID tag. This is accomplished by creating a bit that serves as the “theft”
bit and turning it off, both while charging and discharging.

Long Tag Life: Finally, RFID tags have a longer lifespan than barcodes since noth-
ing touches them. Most RFID providers state that a tag can withstand at least 100,000
transactions before perhaps needing to be changed [37].

2.7 Gapsin the literature

Research on finding a solution to the issue of seat occupancy has increased
recently. Upala et al. [7] constructed an IoT setting in an academic library, embedded
with a security parameter of “face recognition” for user identification within library
management. This was done in order to support library space management; such as
study room occupancy service by using IoT applications. Their proposed solution was
considered a quality intelligence system as it afforded participants such as students,
staff and authorized users with a secured real-time view of library assets, to justify
study room or conference room usage. However, their focus was on seat occupancy
which does not include seat reservation. They define libraries as vital fragments
of the educational system, used to advance our knowledge. Hence, several societal
backgrounds have advanced because of the growth of IoT development of which the
traditional library system is one [2].

Similar to Hoang et al. [31], Yahaya et al. [32] constructed a seat occupancy detec-
tor system, with both systems in the same context; using capacitance sensors as an
innovative method to differentiate the seats occupancy by either subjects or objects.
Both their systems were developed using a Raspberry Pi as main controller, integrated
to a Wi-Fi module, along with a capacitance sensor chip. Their projects were intended
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to ease the congestion, especially during or before the test week and exam time, as
these periods are a recurring problem for most libraries. Although, their results were
unreliable as they failed to distinguish whether a seat has been occupied by a person
or an object, they nevertheless showed the seat occupancy status. Hence, they pointed
out that there is a need to advance their analytical algorithms to accurately distinguish
the occupancy detection states.

Torres and Paul [31] employed a library seat occupancy counter to gather daily
counts over time that would specify patterns in student preferences for study spaces
and to also use that information to advance several library services. The researchers
employed Microsoft Paint (MS Paint), Excel and Qualtrics (a survey and research-
ing tool) [31]. However, their study does not report on how students engaged with
space, and it also required student workers to manually enter the number of students
occupied seats and their preference to get daily counts. Their methodology is not reli-
able as it could lead to students entering erroneous data which could produce invalid
counts. Hence, they suggested that there is a need to develop a real-time seating
visualization that would be available via an app, which could enable library users to
check and reserve available seat based on their preference [31].

The issue of managing library seats was also addressed by Daniel et al. [3]. They
described the planning and implementation of a solution that combined hardware
and a web application to allow students and librarians to verify the identification of
library seat occupants and the status of library seat occupancy from any location at
any time over the Internet, using their devices or the display system at the library
door. In the library, the prototype system of Daniel et al. [3] significantly reduced the
amount of time students spent looking for a seat and making or receiving phone calls
to other students. Nevertheless, their Web Application did not have any integrated
privacy or visibility features.

Nevertheless, library users could not reserve a seat; their system only permitted
the luxury of seat occupancy and monitoring. Daniel et al. [3] developed a prototype
of a smart library seat occupant and occupancy information system, made of pressure
(force-sensing resistor) and RFID sensors for library seats, which send real-time seat
utilization status to the web application. The researchers recommended including a
feature that would permit seat occupants to take a little break (reserve) while in the
library in the future’s smart library systems [3]. This is the gap that the researcher is
hoping to fill with the current research.

Several studies were conducted in other countries regarding this most relevant
concept of ‘smart library’ [31-32]. Researchers such as Brian et al. [6] and Bayani
et al. [2] focused on helping students to find available books and reserving them
online. However, most other studies focused on seat occupancy and seat monitor-
ing [3, 31-32]. Nevertheless, to this date, as far as could be established, no one has
attempted to investigate the smart library seat occupancy and reservation in SA.

According to Daniel et al. [3], “there is a need to integrate the University map into
the web application to enable students within the university premises to reserve seats
with their Unique Identification (UID), based on the estimated time of arrival at the
library”. This means that there is a gap in the literature and research on seat reserva-
tion based on estimated arrival time and reliable seat occupancy status, which needs
to be filled.

Based on the main problem discussed in the problem statement, there is a need
of inventing better, efficient, and convenient ways of saving time and energy to
enhance academic services and excellence. Since technology is growing continuously,
we should embrace it and advance with it too. As a result, several contemporary
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technologies have been developed to integrate library seats with smart devices that
enable library users to locate the study sections with open seats, thus resolving the
issue of seat availability or reservation. Most commonly, these technologies make use
of Internet of things (IoT) and wireless sensor networks. The below Table 1 shows a
summary of different research methods, their results, research gaps and similarities
on smart library seat occupancy and reservation systems as explained above under the
heading named gaps in the literature. Table 1 content described as follows:

Reference source - displays the names of the author(s) involved in the research

study

Research problem — shows the research problem that the author(s) were trying to

solve.

Research methods — a list of all the research methods the authors used to address
the specific research problem.
Research result — demonstrates the solution the authors came up with for the issue

they identified.
Reference Research Problem Research Research Result Research gap(s) and
Source Method(ology) similarity/difference
Upalaand To construct an IoT LBPH face The resulting Their system only
Wong [7] setting in academic recognition logs have all the permit the luxury of
library embedded with algorithm specific seat occupancy and
security parameter of ThingSpeak channel  details about monitoring.
“face recognition” for Up-squared board individual sensor ~ Qualitative and

user identification within

ultrasonic sensor

data entry. The

quantitative data can

library management; ThingSpeak cloud. effectiveness of be collected to learn
to support library space SQLiteStudio the occupancy what students like
management such as database sensor detection.  to do in the library
study room occupancy Python No privacy and space and provide
service using IoT security on user deep understanding
applications. information. for library space
management.
Danieletal.,,  thedesignand execution  Prototype using Their systemonly ~ Their system only
[3] of aresolution merging FSR (force-sensing permit theluxury  permit the luxury of
hardware and web resistor) sensor and of seat occupancy  seat occupancy and
application that Radio Frequency and monitoring. monitoring.
permitted students and Identification Usability: 93% Library users could

librarians to authenticate
the identity of library
seat inhabitants and
occupancy status of the

(RFID) reader
Wi-Fi module (node
MCU) - IoT gateway
Database

Performance
99%
No privacy

not reserve a seat

library seats anywhere PHP API

anytime over the Internet

using their devices or

display system at the

library entrance.
Hoang et al. To construct a Seat Raspberry Pi as showed the seat their system only
[31], Yahaya Occupancy Detector main controller, occupancy status.  permit the luxury of
etal. [32] system both in the integrated to Wi-Fi seat occupancy and

same context; using module, along with monitoring

capacitance sensors as a capacitance sensor To distinguish on

an innovative method chip whether the seat has

to differentiate the seats been occupied by a

occupancy by either
subject or object.

person or an object
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Reference Research Problem Research ResearchResult  Research gap(s) and

Source Method(ology) similarity/difference

Torres and employed a library seat Microsoft Paint (MS ~ student workers their system only

Paul [30] occupancy counter to Paint), Excel, and manually enters permit the luxury of
gather daily counts over Qualtrics (Survey the number seat occupancy and
time that would specify and researching of students monitoring
patterns in student tool) occupied seats To develop a smart
preferences for study and their library system which
spaces and to also use preference to get will enable library
that information to daily counts users to check and
advance several library reserve available
services. seat based on their

preference
Table 1.

Summary of different research methods, their vesults, research gaps and similarities.

Research gap(s) and similarity/difference — displays the remaining gaps sur-
rounding the topic, what still needs to be done, how their research differs from and is
comparable to the current research.

3. Review planning and research methodology
3.1 The systematic literature review (SLR)

A systematic literature review (SLR) was conducted to find out what other research-
ers found about the smart library seat occupancy and reservation systems. A SLR
concentrates on an analysis of several investigations within a particular field of research
[38]. It is also a method for locating, analyzing, and synthesizing all data pertinent toa
specific research question, topic, or phenomenon of interest [39]. Additionally, SLR is
an approach that streamlines the steps involved in compiling, categorizing, and rating
literature in a review area [40, 41]. Based on the goal of this investigation, which is to
identify relevant results in current research and make recommendations for future
research, a systematic review was deemed appropriate in this study [42]. Systematic
reviews are becoming more and more prevalent across all disciplines and in sectors that
combine IT and Academia [43]. Professionals and academics utilize systematic reviews
to keep current in their disciplines, as a foundation for creating technology guidelines
that can be applied to other sectors such as libraries [44]. It is therefore utilized as a tool
for finding, assessing and interpreting research pertinent to a certain research issue
or an area of interest. By highlighting gaps and outlining potential research subjects, a
systematic review can considerably advance our understanding of a certain field of study
[45]. Researchers that use this strategy must follow the principles and recommendations
of systematic reviews [39]. The systematic review will be highly efficient if it is started
utilizing a strategy to find, pick, and evaluate the pertinent literature [46]. According to
Boell and Cecez-Kecmanovic [47], the systematic procedure should be rigorous, clear,
objective, and repeatable.

The structured methodology Watson [48] suggested, which explicitly lays out the
procedures and techniques for literature searching, provides the foundation for this
systematic review. The process of a systematic review protocol consists of the follow-
ing phases: planning, execution, and reporting. During the planning stage, rules and
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criteria are implemented, such as determining the necessity of a systematic review,
creating a categorization framework, formulating research questions, and formulat-
ing research methodologies. The execution process covers the methods of identifying
a trustworthy data source for the research questions; conducting a search strategy;
conducting the study process; choosing pertinent primary studies (using inclusion
and exclusion criteria); evaluating the quality of the studies; and extracting the

data. This research’s reporting phase comprised categorization of the chosen articles
and discussion of the findings. Figure 2 describes the procedures, regulations, and
standards followed for this systematic review.

In research a systematic review finds, groups, synthesizes a comparative approach
of enquiry, and promotes information transfer [38]. To achieve this, the researcher
reviewed existing research papers, articles, book chapters and journals related to this
topic. The questions for the research determining the emphasis and the paper’s objec-
tives are listed. Then, an SLR approach is used, which entails planning, carrying out,
and recording the issue at hand. This section provides a summary of the planning and
conducting phases that were used to carry out this. Finally, the study clearly explains
the procedure for reviewing the data and protocol.

3.2 Planning phase
3.2.1 Determining the necessity of a systematic review

Identifying the needs for the systematic review is the first step in the planning
phase. The demand for researchers to thoroughly and objectively summarize the
information already available about a phenomenon gives rise to the need for a sys-
tematic review. Even though there is ongoing study on the roles, advantages, and
difficulties of IoT-based smart libraries. To our knowledge, no systematic review has,
however, summarized these research results and offered a thorough overview of the
research and practice on this subject.

Figure 2.
Systematic veview phases.
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3.2.2 Creating a categorization fmmework

The creation of the research review procedure, which serves as a foundation for
understanding the current theoretical and practical perspectives on the subject, is
the second step of the planning stage. The review protocol for this study details the
procedures followed to conduct a particular systematic review. To prevent researcher
bias, a predetermined protocol is required. Without a procedure, for instance, the
choice of certain studies or the analysis may be influenced by researcher expectations.
IoT is used in many different professions. Henceforth, it was required to review only
the research data that were currently available and relevant to the issue covered by the
study.

The following procedure was followed:

The study-related basic search phrases were compiled into a list. These key phrases
were derived from the research topic of the study. loT-Based seat occupancy and
reservation, seat reservation, seat occupancy, and seat monitoring in the context of
smart libraries were the keywords.

This process incorporated the identification and comparison of different smart
library seat occupancy, monitoring, and reservation systems and their weaknesses. It
helped the researcher to discover about the current operations on seat occupancy and
reservation systems in SA libraries and the gaps that still need to be filled. To discover,
compare, and characterize current investigations in the SLSRS, this study examined
14 articles published between 2016 and 2022.

3.2.3 Formulating research questions

A systematic review’s third planning phase, which is also regarded as being one
of the most important, is defining the research questions [41]. When it is able to
respond to the research questions, a systematic review succeeds in its objectives
[42]. The following research questions were put out for this systematic review
study:

* What are the benefits of loT-Based smart library seat occupancy and reservation
systems?

* What are the existing technologies and methodologies that enable IoT-Based seat
occupancy and reservation in smart libraries?

* What are the main unresolved problems, potential developments, and difficul-
ties in IoT-based smart library seat occupancy and reservation systems?

3.2.4 Formulating research methodologies

The fourth phase of planning is the definition of article selection techniques. The
goal of article selection strategies is to locate the primary studies that directly address
the research issue. Although they may be improved during the search process, tech-
niques for article selection should be determined upon during the protocol definition
to lessen the probability of bias [40]. An integrated search approach was used in this
step to cover both a thorough automated search of several internet databases and a
manual examination of the chosen articles.
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The online databases considered for this systematic review are ACM, Emerald,
IEEE, Science Direct, Springer, Taylor and Francis. Additionally, appropriate filtering
procedures were applied for each selected database to limit the research findings and
reduce duplication [49]. The broad manual review technique was used for the manual
review, which comprised examining each research article’s title and abstract first [50]
before reading the complete text of the papers that were chosen to be excluded.

The backward snowball method was utilized to find items that were missed by the
earlier techniques in addition to the extensive automated search and manual assessment.
To find new publications, this method used a reference rundown [51]. The first step in
the backward snowballing technique was to check the reference list and eliminate any
papers that did not meet the important research requirements, including language, peer-
review status, publication year, and type of publication. The remaining papers were then
included in the study after the duplicate articles had been eliminated.

To be included in this research, research studies, research articles and papers were
included or excluded in terms of the criteria listed as follows in Figure 3. The chosen
studies had to meet all inclusion criteria, with none of the exclusion criteria having
been met. These criteria make ensuring that the literature taken into account in the
systematic review is pertinent to the study, which helps to provide conclusions that
are more precise, impartial, and meaningful. These criteria lower the possibility
of bias and errors if they are established and applied correctly. Applying eligibility
criteria consistently prevents irrelevant studies from being included in reviews, which
can result in conflicting findings.

3.3 Execution phase

The planning phase’s tactics were applied during the execution phase to choose
pertinent articles for the study. The process of a systematic review execution protocol
consists of the following steps: identifying a trustworthy data source for the research
questions; conducting a search strategy; conducting the study process; choosing

*Research articles that present solutions, experiences, or evaluation of loT-SLSORS
eResearch articles from 2016 to 2022

eJournal articles and conference papers

eduplicate reports of the same study

*Only one version allowed in case of multiple version of the same study

eSubject Areas are limited to CS, CSE, informatics and IT

LEchusion Criteria

*Research articles that do not explicitly discuss loT-SLSORS
*Books, symposiums, and non-English script
eCommentaries

sShort articles (less than 4 papers)

*Any language other than english

Figure 3.
Inclusion and exclusion criteria.
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pertinent primary studies (using inclusion and exclusion criteria); evaluating the
quality of the studies; and extracting the data, respectively entailing the following.
The rigor of adhering to a pre-established procedure and specific search technique,
according to Boell and Cecez-Kecmanovic [47], makes systematic review an effec-
tive method. Although Watson admits that effectiveness is crucial in research, he
also contends that efficiency is vital. He claims that effectiveness is attained through
“synthesizing the literature and revealing the depth of knowledge on an area’s critical
key concepts and the relationships between these concepts” ([48], p. 185). The main
procedures used in the study are described below:

The next sections outline how each step of SLR was carried out to fulfill the set
objectives of this study. Figure 4 Provides a summary of the application of the SLR
steps.

Step 1: identifying data sources

Using Google Scholar as the primary search engine and relying on well-known
academic publishers like ACM, Emerald, IEEE, Science Direct, Springer, Taylor and
Francis (listed in Figure 5), the researcher investigated the benefits, limitations,
potential developments and challenges using the search string of “IoT-Based seat
occupancy and reservation, seat reservation, and seat monitoring in the context of
smart libraries.”

Step 2: Search strategy

Utilizing specific search phrases from well-known literature in the field of study
is the first step in the continual process of identifying search terms [41]. When all
of the well-known articles have been located using the aforementioned guidelines,
the process is complete. The study’s chosen databases include sophisticated search
capabilities that let users combine pertinent search terms. The study-related basic

identifying a
trustworthy data e ACM, Emerald, IEEE, Science Direct, Springer,
source for the ; .
Taylor and Francis, and Wiley, google scholar
research
questions

¢ |oT-Based seat occupancy, and reservation, seat
reservation, smart library seat occupancy, and seat
monitoring in the context of smart libraries."

Conducting
search string

® Google Scholar is the primary search engine
¢ ACM, Emerald, |EEE, Science Direct, Springer,

Conducting a

search strate
gy Taylor and Francis, and Wiley

conducting
study processes

e this study examined articles published between
2016 and 2022

choc_:smg ¢ Inclusion Criteria
pertinent . o
sradles ¢ Exclusion Criteria

Evaluating the
quality of the
studies

® Quality Assessment

IS Sl i e Vs b i

Figure 4.
Summary of the application of the SLR steps.
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search phrases were compiled into a list. The following search terms were discovered
in this research study: “loT-Based seat occupancy” OR “loT-Based seat reservation’
OR “seat reservation “OR “smart library seat occupancy “OR “seat monitoring” OR
“Seat occupancy” AND “benefits” OR “advantages” AND “methodologies” AND
“functionality” (Table 2).

Step 3: Study process

This process incorporated the identification and comparison of different smart
library seat occupancy, monitoring and reservation systems and their weaknesses. It
helped the researcher to discover the nature of the current operations on seat occu-
pancy and reservation systems in SA libraries and the gaps that still need to be filled.
To discover, compare and characterize current investigations in the IoT-SLSRS, this
study examined articles published between 2016 and 2022. To improve the research
outcomes, filtering technologies were used when searching the web databases [44].

Search strings Online Results Total after Quality
databases Assessment
searched
“loT-Based seat occupancy” OR “IoT-Based seat Taylor & Francis 50 0
reservatlon“OR “seat reser'vat}on” OR “smart library seit IEEE 305 6
occupancy “OR “seat monitoring” OR “Seat occupancy
Springer 463 0
Science Direct 117 0
ACM 41 5
emerald 7 3
Final results 983 14

Table 2.
Review search vesults with search strings.
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Several filters were used in this study, including those for the research area (CS, CSI
informatics, and IT), year of publication (2016 to 2022), document type (journal
articles, conference papers), and language (English).

Step 4: Choosing pertinent primary studies (using inclusion and exclusion criteria)

To ensure that only pertinent papers and other printed sources were used in this
study, sources were selected by means of the following broad guidelines, whilst inclu-
sion and exclusion criteria were also identified:

* Only online databases’ retrievals of English-language research papers in the form
of journals, workshops, conference proceedings and book chapters were consid-
ered. The reason being that English is a standard communication language across
the world.

* Journal articles were restricted to those that were published between 2016 and
2022. This was done to guarantee that the investigation would utilize current,
accessible data.

* Papers that either lacked a clear connection to IoT-Base smart library seat occu-
pancy and reservation, had no connection to the research question, or whose full
texts were unavailable, were excluded.

* Duplicate reports of the same study were removed. In cases of multiple versions
of an article, only the entire version was added, leaving the others out.

* Articles had to fall into the subject areas of Informatics, Information Technology
(IT) as well as Computer Science (CS). This criterion was used to guarantee that
the results would be based only on publications from relevant subject areas that
acknowledge IoT and its applications in the smart library context. Only those
that afford library users with the advantage to view seat occupancy status and
reserve seats at their places of comfort.

* The citation information, along with the abstract and keywords, were chosen as
part of the dataset extraction process.

Step 5: Evaluating the quality of the studies

The quality score was utilized in this study to examine whether there was a
relationship between the primary studys findings and the study’s quality. The study
also looked at whether certain particular quality parameters, such as sample size and
validation method, were linked to the main finding of the study. To reduce bias and
increase the validity of the systematic review, it is crucial to evaluate the quality of
the primary relevant studies after choosing them. As a result, quality standards were
applied to the 14 remaining items. To make sure that study concepts and meth-
odologies were honored, the chosen studies were evaluated in terms of scientific
diligence, reliability, accuracy, and appropriateness. The conclusions were examined
to determine whether they were focused, unique, relevant, and helpful for upcom-
ing scholars, professionals, and businesses. To provide important and worthwhile
contributions to the scholarly community, these requirements were crucial. The
chosen studies were grouped based on their primary study objectives, approaches,
contributions, and outcomes. This category aids in locating, extracting, classifying,
and synthesizing data in response to research questions. The current review chapter
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was conducted from March 3rd, 2023, to July 30th, 2023, in accordance with the
planning phase’s specified research procedure. In the initial search using the speci-
fied keywords, 983 articles were found. The final 14 research articles satisfied the
quality evaluation criteria after completing all the filtering methods described in
this stage.

The ultimate number of papers chosen for the current review study is shown
in Table 3. Particularly, 983 distinct articles were found based on the initial search
procedure (keywords). Filters were used to restrict the number of articles to 576. The
next step was a manual review by the researchers to find any papers not pertinent
to the study. The researchers concentrated on papers that were closely connected to
the subject of this research, both conceptual and empirical, during this approach.
510 articles were thus dropped, while 66 were kept as a result. The researchers then
read the entire paper, focusing on particular criteria such the aims, the research
questions, the description of the data that was gathered, the methodology employed,
the approach used to analyze the data, and the presentation of the findings. After
reading the complete articles, another 54 were eliminated because they were deemed
unimportant, leaving only 12. Then, using the backward snowball method, 8 more
articles were added, bringing the total to 20 articles. Finally, 6 papers were eliminated
following a review based on the quality evaluation criteria, bringing the total number
of publications for analysis down to 14.

3.4 Reporting phase
3.4.1 Categorization of the chosen articles
3.4.1.1 Article distribution by year of publication
The earliest reports on the use of 10T in the libraries date back to 2016

(see Figure 6). The year 2019 saw the publication of the most articles (6), while the
year 2016, 2017, and 2020 have the least publications (only 1 each year). The fact that

Automated search Manual Search Method Backward Final Results
method snowball
Database Keyword Apply Title and Article Backward Quality
Results filter Abstract Reading snowball Assessment
screening Technique
IEEE 305 41 34 6 7 6
Springer 463 444 12 0 0 0
ACM 41 38 12 5 8 5
Emerald 7 3 2 1 5 3
Science 117 34 4 0 0 0
Direct
Taylor and 50 16 2 0 0 0
Francis
Total 983 576 66 12 20 14
Table 3.

Review search results.
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Figure 6.
Number of articles published per year.

most of the articles were released between 2021 and 2022 indicates that this research
field has recently attracted attention.

3.4.1.2 Database distribution of articles
The distribution of the chosen articles by database source is shown in Figure 7.
There were 6 publications found in the IEEE database, 5 in the ACM Digital database,

0 in the Taylor and Francis database, 3 in the Emerald database, and 0 in the Science
Direct database.

Distribution of articles per database

S

w

N

=

0

T&F IEEE ACM Science Direct Emerald
W Distribution of articles per database

Figure7.
Distribution of articles per database.
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4. Research discussion
4.1 Element 1: benefits
The advantages that libraries can obtain from employing seat occupancy and reser-

vation systems are tied to this element. Time and energy saving, real-time occupancy
status, real time seat reservation, increased flexibility, simple and easy to use are some

of the advantages it offers to library users [3, 9-53]. Additionally, it provides library
staff with advantages such as strategic decision making, develop efficient and effec-
tive environment, extracting reports and reducing manual effort (see Table 4) [3, 9].

4.2 Element 2: functionalities

Functionalities, in the context of this study, refer to the features that libraries
receive through the adoption and use of IoT-based seat occupancy and reservation

Element Category  Type Sources
Benefits Library * Saves time and energy Maepa and Moeti [9]; Daniel et al. [3]; Zhou
user + Real-time occupancy status [53]; Wang e.md Wei [52]; Xuet al. [54]; Liu
] ) et al. [55]; Lipat et al. [56]; Yang and Wang
* Real time seat reservation [57]; Jing et al. [58];Upala and Wong [7];
* Increased flexibility Garcfa-Granja et al. [59];
* Helps in decision making Hoang et al. [31], Yahaya et al. [32]
* Highly portable
* Easy to deploy
e Effective
e Simple
* Easytouse
* Temporary leave and return
after reservation
* Improve seat utilization
Library * Strategic decision making Maepa and Moeti [9]; Daniel et al. [3]; Zhou
staff + Develop efficient and effec- [53]; Wang and Wei [52]; Xu et al. [54]; Liu
. \ etal. [55]; Upala and Wong [7]; Hoang Huy
Hyeenglgument etal. [31], Yahaya et al. [32]
* Extract reports
¢ Reduce manual effort
Functionalities ~ Library * Check seat availability Maepa and Moeti [9]; Daniel et al. [3]; Zhou
user « Reserve seat [53]; Wang and Wei [52]; Xu et al. [54]; Liu
etal. [55]; Lipat et al. [56];Yang and Wang
[57]; Jing et al. [58];Upala and Wong [7];
Garcia-Granja et al. [59];
Hoang et al. [31], Yahaya et al. [32]
Library * Manage library seats Maepa and Moeti [9]; Daniel et al. [3]; Zhou
staff * View reports [53]; Wang e.md Wei [52]; Xu et al. [54]; Liu
etal. [55]; Lipat et al. [56];Yang and Wang
* Manage account [57]; Jing et al. [58];Upala and Wong [7];
Garcfa-Granja et al. [59];
Hoang et al. [31], Yahaya et al. [32]
Table 4.

Library seat occupancy and reservation systems benefits and functionalities.
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systems. The systems allow library users to check the status of the library anywhere
and at any time, utilizing their mobile phones or any device with Internet access
reducing manual efforts. They ensure that reserved seats in the library study area

are secured and that users can reserve seat according to their preference. Everyone is
allowed to view the library status and check the availability of seats, but only regis-
tered students are allowed to reserve their library seats [3, 9, 53]. These systems act

as a medium between the library users and the library staff (librarian). The library
staff would have the ability register new library users, view seat occupancy status and
produce detailed reports (see Table 4).

4.3 Element 3: methodologies

The IoT-based seat occupation and reservation systems are discussed in detail
in this Chapter, illustrating various IoT-based seat occupation and reservation sys-
tems using different IoT technologies. These IoT methodologies include LBPH face
recognition algorithm, Thing Speak channel, Up-squared board, ultrasonic sensor,
Thing Speak cloud, SQLite Studio database, Python, RFID, FSR, Raspberry-Pi, Wi-Fi
Module, Node MCU, PHP API and capacitance sensor chip. To establish the seat
occupancy and rank the options, some approaches used a single procedure, such as
the capacitance sensor technology. A combination of methods, including RFID and
FSR, were used by other authors to identify the seat occupancy. To find out how many
seats were occupied, researchers used a face recognition system, an ultrasonic sensor,
and other tools. The gap in the literature is discussed and the shortcomings of these
IoT-based reservation and seat occupation systems are highlighted. The adoption of
mixed methods enhances performance. Other studies employed RFID and FSR. While
FSR detects seat occupancy and transmits the information to the network layer, RFID

is responsible for identifying authorized users who made a specific seat reservation
(Table 5).

5. Delimitation

The focus of the study was based on an smart library seat occupancy and reser-
vation system, which affords students and staff with the advantage to check library
seat availability status and reserve seats online. Consequently, the study excludes
other library management systems providing support for teaching and learning
activities such as obtaining and reserving library books. To ensure that only per-
tinent papers and other printed sources were used in this study online databases’
retrievals of English-language research papers in the form of journals and confer-
ence proceedings were considered. Journal articles were restricted to those that were
published between 2016 and 2022 and papers that either lacked a clear connection
to IoT-Base smart library seat occupancy and reservation, had no connection to the
research question, or whose full texts were unavailable, were excluded. Duplicate
reports of the same study were removed. In cases of multiple versions of an article,
only the entire version was added, leaving the others out. Articles had to fall into
the subject areas of Informatics, Information Technology (IT) as well as Computer
Science (CS). Only those that afford library users with the advantage to view seat
occupancy status and reserve seats at their places of comfort. The citation infor-
mation, along with the abstract and keywords, were chosen as part of the dataset
extraction process.
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Source Methodology Suggestions/Future research

Maepa and Moeti [9] DSR enforce security on reserved seats by
IoT adopting security access door strategy
RFID and FSR using RFID and sensor magnetic
Rasbery pi technologies to attach seats and tables

Daniel et al. [3]

FSR (force-sensing resistor) sensor and
Radio Frequency Identification (RFID)
reader

Wi-Fi module (node MCU) - IoT
gateway

Database

PHP API

Afford users to reserve seat based on
estimated arrival time

Zhou [53]; Wang and
Wei [52];

Xu et al. [54]; Liu

et al. [55]

We chat

use more new intelligent management
system technology, improve the overall
service and management ability,

create a new spatial planning and
layout experience, improve the level

of Intelligent Library services, more
should be the direction of this subject
to continue to study

Lipat et al. [56]

Faster R-CNN, RetinaNet, and SSD

Yang and Wang [57]

cameras TensorFlow;js
crawler program, 3D scene

Jing et al. [58]

Arduino single chip microcomputer

Upala and Wong, [7]

LBPH face recognition algorithm
ThingSpeak channel

Up-squared board

ultrasonic sensor

ThingSpeak cloud.

SQLiteStudio database

Python

Qualitative and quantitative data can
be collected to learn what students like
to do in the library space and provide
deep understanding for library space
management.

Garcfa-Granja et al.
[59]

building information modeling (BIM)

Hoang et al. [31];
Yahaya et al. [32]

Raspberry Pi as main controller,
integrated to Wi-Fi module, along with
a capacitance sensor chip

To distinguish on whether the seat has
been occupied by a person or an object

Table 5.

Smart library seat occupancy and reservation systems methodologies and future research.

6. Conclusions

In this chapter, a systematic literature review was conducted to find out what other
researchers found about the Seat occupancy and reservation systems. This process
incorporated the identification and comparison of different smart library seat occu-
pancy and reservation systems and their weaknesses. It also helped the researcher to
discover about the current operations on seat occupancy and reservation systems in
libraries and the gaps that still need to be filled. In addition, previous research that
describes characteristics of smart library, highlighting the advantages and disadvan-
tages was explored to further understand real context and the methods that can be
used to solve the current seat occupancy and reservation challenge was identified.
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To achieve this, the researcher reviewed previously researched papers, articles and
journals related to IoT-based seat occupancy and reservation systems.

The IoT-based seat occupation and reservation systems are discussed in detail
in this Chapter, illustrating various IoT-based seat occupation and reservation sys-
tems using different IoT technologies. These IoT methodologies include LBPH face
recognition algorithm, Thing Speak channel, Up-squared board, ultrasonic sensor,
Thing Speak cloud, SQLite Studio database, Python, RFID, FSR, Raspberry-Pi, Wi-Fi
Module, Node MCU, PHP API and capacitance sensor chip. To establish the seat
occupancy and rank the options, some approaches used a single procedure, such as
the capacitance sensor technology. A combination of methods, including RFID and
FSR, were used by other authors to identify the seat occupancy. To find out how many
seats were occupied, researchers used a face recognition system, an ultrasonic sensor,
and other tools. The gap in the literature is discussed and the shortcomings of these
IoT-based reservation and seat occupation systems are highlighted. The adoption of
mixed methods enhances performance. Other studies employed RFID and FSR. While
FSR detects seat occupancy and transmits the information to the network layer, RFID
is responsible for identifying authorized users who made a specific seat reservation.
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