Int. J. Sci. R. Tech., 2026 3(10)

A Multidisciplinary peer-reviewed Journal
www.ijsrtjournal.com [ISSN: 2394-7063]

Original Article

A Review Of The Internet Of Things In College Libraries:
Applications, Opportunities And Challenges

Sushovan Kar'*, Ashish Raut2

'Government General Degree College, Keshiary

> . . ce . i
“Shri Shivaji College of Arts Commerce and Science.Akola.

ABSTRACT

The Internet of Things (IoT) is transforming the way information resources, services, and physical infrastructure are
managed in modern libraries. College libraries, which traditionally depend on manual and semi-automated procedures,
can use IoT technologies to create more intelligent, connected, efficient, and user-centred library environments. loT
connects physical objects such as books, shelves, RFID tags, sensors, computers, environmental monitoring devices,
and security systems through networks that enable data collection, communication, monitoring, and automated
decision-making. This review paper examines the major applications, opportunities, and challenges associated with the
implementation of IoT in college libraries. The paper discusses applications including RFID-based circulation, smart
shelves, automated inventory management, book tracking, indoor navigation, environmental monitoring, occupancy
monitoring, security, energy management, and personalized library services. The opportunities offered by IoT include
improved operational efficiency, reduction of repetitive work, better resource discovery, real-time monitoring,
enhanced user experience, improved collection management, and data-driven decision-making. At the same time,
college libraries face challenges related to cost, technical infrastructure, interoperability, data privacy, cybersecurity,
staff skills, maintenance, and resistance to technological change. The paper argues that successful IoT implementation
requires appropriate infrastructure, trained personnel, institutional support, security policies, interoperability standards,
and a phased implementation strategy. IoT can therefore serve as an important technological foundation for the
development of smart college libraries.

Keywords: Internet of Things, [oT, College Libraries, Smart Library, RFID, Library Automation, Digital Library,
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INTRODUCTION

Libraries have continuously evolved in response to
developments in information and communication
technology. The traditional library model, which
depended heavily on printed collections, manual
circulation, card catalogues, and physical supervision,
has gradually developed into an automated and digital
environment. Library Management Systems, online
public access catalogues (OPACs), electronic
resources, institutional repositories, digital databases,
RFID, cloud computing, and mobile technologies
have significantly changed library operations.

The next stage in this technological development is
the emergence of the Internet of Things (IoT). IoT
refers broadly to a networked environment in which

physical objects are equipped with sensors,

identification technologies, communication
capabilities, and software that enable them to collect,
exchange, and process data. In a library environment,
IoT can connect books, shelves, RFID tags, readers,
computers, security systems, environmental sensors,

lighting systems, and other devices.

The application of IoT in college libraries can move
library automation beyond conventional computer-
based systems toward an environment in which
physical resources and services can be monitored in
real time. For example, RFID-tagged books can be
identified automatically, smart shelves can detect
misplaced materials, sensors can monitor temperature
and humidity, and occupancy sensors can provide
information about the use of library spaces.
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The concept of a smart library is therefore closely
associated with the integration of IoT, automation,
analytics, artificial intelligence, cloud computing, and
other emerging technologies. However, IoT
implementation also raises important questions
concerning investment, privacy, cybersecurity,
technical expertise, interoperability, maintenance, and
institutional readiness.

This review examines the application of [oT in college
libraries and discusses both the opportunities and
challenges associated with its adoption.

Concept of the Internet of Things

The Internet of Things represents an ecosystem of
physical objects capable of sensing, identifying,
communicating, and exchanging information through
digital networks.

A typical IoT system contains several components:

1. Physical objects — books, shelves, doors,
computers, equipment, etc.

2. Sensors — devices that collect information
about the physical environment.

3. Identification technologies — RFID,
barcodes, QR codes and similar technologies.

4. Connectivity — Wi-Fi, Bluetooth, RFID
networks and  other communication

technologies.

5. Data processing — local or cloud-based
systems process collected information.

6. Applications — software applications convert
data into useful services.

7. Users — librarians, students, faculty members
and administrators interact with the system.

In a college library, these components can work
together to provide real-time information about
collections, users, physical spaces, and environmental
conditions.

IoT and the Development of Smart College Libraries

A smart college library is not simply a library
containing computers and electronic resources. It is an
interconnected environment in which technology
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supports intelligent management and delivery of
library services.

The development can broadly be understood in the
following stages:

Traditional Library — Automated Library —
Digital Library — Networked Library — Smart
Library

Traditional Library

Operations such as

circulation and

acquisition, cataloguing,
stock verification are largely
performed manually.

Automated Library

Computer-based Library Management Systems are
introduced to automate functions such as cataloguing,
circulation and member management.

Digital Library

Electronic books, journals, databases, institutional
repositories and digital documents become important
components of library services.

Networked Library

Library systems and electronic resources become
connected through institutional and internet-based
networks.

Smart Library

IoT, RFID, sensors, cloud computing, analytics and
Al can be integrated to provide real-time monitoring,
automation and intelligent services.

Objectives of the Review
The major objectives of this review paper are:

1. To explain the concept of [oT in the context
of college libraries.

2. To identify major applications of IoT in
library operations.

3. To examine the opportunities created by loT-
based library services.

4. To identify technological, financial,
organizational and security challenges.
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5. To examine the role of RFID and sensors in
smart library environments.

6. To understand the potential contribution of
IoT to collection management.

7. To examine the implications of IoT for library
users and staff.

8. To suggest strategies for successful

implementation of [oT in college libraries.
9. To identify areas requiring further research.
METHODOLOGY

This paper adopts a narrative/conceptual literature
review approach. Relevant scholarly literature
concerning the Internet of Things, smart libraries,
RFID, library automation, digital libraries and
emerging technologies was examined to identify
major applications, opportunities and challenges.

The review can be based on literature obtained from
scholarly databases and information sources such as:

e Google Scholar

e Scopus

e Web of Science

¢ ScienceDirect

e SpringerLink

o [EEE Xplore

e Emerald Insight

e Library and Information Science journals
¢ Institutional and professional publications
e Typical search terms include:

e "Internet of Things in libraries"

e "IoT and smart libraries"

e "RFID in academic libraries"

e "Internet of Things college libraries"

e "smart library technology"
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e "IoT applications in academic libraries"

e The literature was organized thematically into
four major areas:

e Applications —  Opportunities —

Challenges — Future directions
Major Applications of IoT in College Libraries
> RFID-Based Book Identification

RFID is one of the most established technologies
associated with IoT-enabled library services.

An RFID
electronically readable information. RFID readers can

tag attached to a book contains

identify multiple tagged items without requiring
direct line-of-sight scanning.

Applications include:
e Book identification
e Circulation
e Self-checkout
e Self-return
e Inventory verification
e Theft detection
e  Shelf management
e Item tracking

RFID can reduce repetitive manual scanning and
improve the speed of circulation and inventory
activities.

> Smart Shelves

Smart shelves can combine RFID readers and sensors
to monitor library materials.

A smart shelf may identify:
e Which books are present
e  Which books have been removed
e  Whether a book is incorrectly shelved

e  Whether an item is missing
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e Changes in shelf inventory

This can assist librarians in maintaining accurate shelf
arrangements and identifying misplaced materials.

» Automated Inventory Management

Traditional stock verification can be time-consuming,
particularly in libraries with large collections.

IoT and RFID technologies can support automated or
semi-automated inventory management by enabling
library staff to identify and record tagged materials
more efficiently.

The system can potentially generate information
about:

e Available books
e Missing books
e Misplaced books
e Books on loan
e Books returned but not shelved
¢ Collection movement
»> Smart Book Tracking

IoT technologies can improve the tracking of library
materials.

When an RFID-tagged item moves through an RFID-
enabled area, the system can register relevant
information. This can help librarians understand the
movement of materials and improve collection
control.

However, tracking systems should be designed with
appropriate privacy and security safeguards.

> Self-Service Circulation

IoT-enabled RFID systems can support self-checkout
and self-return services.

Students can potentially:
1. Select books.
2. Place them at a self-service station.

3. Allow the RFID reader to identify the books.
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4. Authenticate themselves.
5. Complete the borrowing transaction.

This reduces dependence on staff for routine
circulation transactions and can improve service
availability.

> Automated Book Return

IoT-enabled return systems can identify returned
books and update circulation records.

Automated return systems may also help separate
materials according to categories or destination
shelves, depending on the sophistication of the
system.

» Indoor Navigation

Large college libraries may contain several floors,
sections and collections.

IoT technologies such as Bluetooth beacons, Wi-Fi
positioning, RFID and mobile applications can
potentially support indoor navigation.

Students could use a mobile application to locate:

e A particular book

e A subject section

e Reading rooms

e Reference sections

¢ Computer laboratories

e Service counters

» Environmental Monitoring
can monitor conditions

Environmental sensors

affecting library collections and users.
Sensors can measure:

e Temperature

e Humidity

e Light intensity

e Air quality
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e Smoke
e Water leakage

This is particularly relevant for preservation of printed
materials and archival collections.

If abnormal environmental conditions are detected, an
alert can be generated for library or facility-
management staff.

» Library Security
IoT can support security through interconnected:
e RFID gates
e Access-control systems
e Surveillance systems
e Motion sensors
e Door sensors
¢ Emergency systems

For example, RFID-based security gates can help
detect unauthorized removal of tagged materials.

Security systems should nevertheless be implemented
with
applicable privacy requirements.

in accordance institutional policies and

Occupancy Monitoring

IoT sensors can provide information about the
utilization of library spaces.

Libraries may monitor:
e Number of users
e Reading-room occupancy

o Computer availability

e Study-room utilization
e Peak usage periods

Such information can support evidence-based space
planning.

Smart Lighting and Energy Management

Sensors can detect whether areas are occupied and can
support automated control of lighting and other
building systems.

Potential benefits include:
e Reduced unnecessary energy consumption
e Automated lighting
e Better management of library spaces
e Improved operational efficiency
> Personalized Library Services

IoT can contribute to personalized services when
combined with appropriate user authentication and
data-analysis systems.

For example, a smart library platform could provide
users with:

e Notifications about borrowed materials
e Availability alerts

e Study-space information

e Personalized recommendations

e Library event notifications

Personalization should be balanced against privacy
considerations.

Applications of IoT in Different Library Functions
Library Function Possible IoT Application
Acquisition Connected inventory and supplier information
Cataloguing Automated identification and data integration
Circulation RFID-based self-checkout/check-in
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Stock verification

RFID-enabled inventory scanning

Shelving Smart shelf monitoring
Security RFID gates and connected sensors
Preservation Temperature and humidity monitoring

Space management

Occupancy s€nsors

Navigation

Indoor positioning

Energy management

Smart lighting and sensors

User services

Mobile and personalized services

Administration

Real-time dashboards and analytics

¢ Opportunities Offered by [oT
> Improved Operational Efficiency

IoT can automate repetitive tasks and reduce the
amount of manual work required for activities such as
inventory checking and circulation.

> Real-Time Information

Connected systems can provide real-time information
about books, equipment, spaces and environmental
conditions.

» Better Collection Management

IoT can provide improved visibility of collection

movement and support more efficient stock
verification.

» Improved User Experience
Self-service facilities, faster circulation, indoor

navigation and real-time availability information can
improve the user experience.

» Data-Driven Decision Making

IoT-generated data can be combined with analytics to
understand:

e Collection usage
e Space utilization

e Peak library hours
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e Equipment utilization
¢ Environmental conditions

Such
management.

information can support evidence-based

> Enhanced Preservation

Environmental monitoring can help librarians identify
conditions that may adversely affect collections.

» Improved Security

Connected security systems can improve monitoring
of library materials and physical spaces.

> Integration with Artificial Intelligence

loT-generated data can potentially be analyzed using
Al and machine-learning techniques.

For example:

IoT Sensors — Data Collection — Cloud/Database
— Analytics — Machine Learning — Intelligent
Decision Support

This creates opportunities for predictive and adaptive
library services.

Challenges
Libraries

of IoT Implementation in College

Despite its potential, [oT implementation is associated
with several challenges.
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» High Initial Cost
IoT implementation may require investment in:
e RFID tags
e RFID readers
e Sensors
e Servers or cloud services
e Networking infrastructure
e Security systems
e Software
e Maintenance

For institutions with limited budgets, these costs may
represent a significant barrier.

» Infrastructure Requirements
Effective IoT services require reliable:

e Internet connectivity

e  Wi-Fi

e Electricity

e Network infrastructure

e Servers or cloud platforms

¢ Compatible software

Libraries with inadequate infrastructure may face
implementation difficulties.

» Data Privacy
IoT systems

can generate large quantities of

information about users, devices and library activities.
Examples may include:

e User identification

e Access records

e Borrowing information

e Device identifiers

e Location-related information
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Libraries therefore need clear policies regarding data
collection, storage, access, retention and deletion.

» Cybersecurity

Connected devices increase the number of potential
points through which systems may be attacked.

Security measures should include:
e Strong authentication
e Access control
e Encryption where appropriate
e Secure network configuration
e Software updates
e Device management
e Regular security audits
> Interoperability

Different IoT devices and library software systems
may use different standards and protocols.

Lack of interoperability can create difficulties when
integrating:

¢ RFID systems

e Library Management Systems
¢ Institutional repositories

e Cloud platforms

e Mobile applications

e Sensor networks

» Technical Skills

Library professionals may require additional
knowledge of:
e IoT technologies
e RFID
e Data management
e Network security
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e Analytics
e Cloud computing
e Device management

Continuous professional development is therefore
important.

» Maintenance
IoT systems require continuous maintenance.

Problems may occur with:

e Sensors
e RFID tags
e Readers

e Network connections
e Batteries

e Software

e Hardware

Institutions need appropriate technical support and
maintenance plans.

> Resistance to Technological Change

Staff members or users may initially be reluctant to
adopt unfamiliar technologies.

Training, communication and gradual implementation
can help reduce resistance.

» Reliability and Accuracy

IoT systems may sometimes generate inaccurate or
incomplete data because of:

e Sensor failures

e RFID reading problems
e Network interruptions
e Hardware damage

e Software errors

Therefore, appropriate monitoring and validation
mechanisms are necessary.
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> Ethical Issues

Libraries have traditionally emphasized

confidentiality and intellectual freedom. IoT-based
monitoring can create tension between service
improvement and user privacy.

Libraries must therefore consider ethical principles
when collecting and analyzing user-related
information.

IoT and RFID: Relationship in Libraries

RFID is particularly important in IoT-enabled library
environments.

A simplified architecture can be represented as:

RFID Tag — RFID Reader — Network — Library
Management System — Database/Cloud — User
Interface

For example:

A book contains an RFID tag.

!
The RFID reader detects the tag.

!

The reader sends information through the network.

!

The Library Management System processes the
information.

!
The database is updated.

!

The librarian or user receives the relevant
information.

RFID therefore acts as an important identification and
data-capture technology within smart library systems.

IoT, Analytics and Artificial Intelligence

IoT becomes more powerful when combined with
data analytics and artificial intelligence.

For example:
IoT
Collects information.

Analytics
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Identifies patterns in the collected information.
Machine Learning

Can identify relationships and support predictive
models.

Artificial Intelligence

Can support automated or intelligent decision-
making.

A smart library framework may therefore be
represented as:

Users & Resources

l

IoT Devices and Sensors

l

Network Connectivity

!
Cloud/Library Database

!
Data Analytics

!
Al/Machine Learning

l

Smart Library Services

This integrated approach can provide a foundation for
advanced smart-library research.

> Role of Librarians in an IoT Environment

The introduction of IoT does not eliminate the

importance of library professionals. Instead,

librarians' roles can evolve.

Traditional responsibilities may increasingly be
supplemented by:

e Technology management

e Digital resource management
e Data management

e Privacy management

e User training

e Information literacy

e Technology evaluation
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e Data interpretation
e Research support

Librarians may also play an important role in ensuring
that technological innovation remains aligned with
professional values such as privacy, equitable access
and responsible information management.

» Suggested IoT Framework for College
Libraries

A basic framework can contain five layers.

Layer 1: Physical Layer

Includes:
e Books
e RFID tags
e Shelves
e Sensors

o Computers
e Security gates
e Library equipment

Layer 2: Connectivity Layer

Includes:
e Wi-Fi
e Internet

e RFID communication

e Bluetooth

e Local networks
Layer 3: Data Layer

Includes:

Library databases

Cloud storage

User databases

Collection databases
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e Sensor data
Layer 4: Intelligence Layer
Includes:

e Data analytics

e Artificial intelligence

e Machine learning

e Predictive analysis
Layer 5: Service Layer
Includes:

e Smart circulation

e Book tracking

e Navigation

e Personalized services

e Environmental alerts

e Administrative dashboards

» Recommendations

Based on the review, the following recommendations
can be made for college libraries considering IoT
adoption:

1. Conduct a
assessment before implementation.

technology-readiness

2. Begin with high-value applications, such as
RFID circulation and inventory management.

3. Develop a phased implementation plan
rather than introducing all technologies
simultaneously.

4. Provide staff training in IoT, RFID,
cybersecurity and data management.

5. Develop data-privacy policies before
collecting user-related [oT data.
6. Adopt appropriate cybersecurity

measures for connected devices.
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7. Ensure interoperability between IoT
systems and Library Management Systems.

8. Allocate funds for maintenance, not only
initial installation.

9. Evaluate user satisfaction after

implementation.

10. Use analytics responsibly to improve library
services.

11. Establish institutional policies governing
data collection, retention and access.

12. Evaluate the effectiveness and cost-benefit
of IoT projects periodically.

» Future Scope of IoT in College Libraries

The future of IoT-enabled college libraries may
greater  integration with  emerging
technologies.

involve

Potential research areas include:
IoT + Artificial Intelligence

Al can analyze loT-generated information and
support intelligent services.

IoT + Machine Learning

Machine-learning models can be investigated for
predicting resource demand and space utilization.

IoT + Big Data

Large volumes of library-generated data can be
analyzed to understand patterns of resource and
facility use.

[oT + Cloud Computing

Cloud-based IoT platforms can support scalable data
storage and processing.

IoT + Mobile Applications

Mobile applications can provide users with real-time
library information.

IoT + Digital Twins
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Digital-twin approaches could potentially provide
virtual representations of physical library spaces and
systems for monitoring and management.

IoT + Robotics

Future smart libraries may investigate robots for
material transportation, inventory assistance and
selected service functions.

> Discussion

The literature indicates that IoT has the potential to
extend library automation from software-based
processes to the physical library environment. RFID-
based identification, smart shelves, sensors,
environmental monitoring and connected security
systems can make library operations more observable
and responsive.

However, technological adoption should not be
considered an end in itself. The value of [oT depends
on whether it addresses genuine institutional and user
needs. A library with sophisticated technology but
inadequate infrastructure, poor staff training or weak
privacy practices may not obtain the expected
benefits.

Consequently, IoT implementation should be
considered as a socio-technical process involving
technology, people, organizational policies and users.
The successful development of smart college libraries
requires  collaboration among librarians, IT

professionals, administrators, vendors and users.

For colleges, a phased approach may be particularly
appropriate. Institutions can initially implement
RFID-based circulation and inventory management,
evaluate outcomes, and then gradually expand toward
environmental monitoring, occupancy management,
analytics and intelligent services.

CONCLUSION

The Internet of Things represents an important
technological opportunity for the development of
smart college libraries. By connecting books, shelves,
sensors, RFID systems, physical spaces, users and
information systems, [oT can facilitate real-time
service

monitoring, automation and

delivery.

improved
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Its applications extend from RFID-based circulation
and automated inventory management to smart
shelves, book tracking, environmental monitoring,
security, occupancy monitoring, energy management
and personalized services. These applications can
create opportunities for improving operational
efficiency, collection management, user experience
and evidence-based decision-making.

At the same time, successful IoT adoption requires
careful attention  to cost, infrastructure,
interoperability, cybersecurity, privacy, technical
skills and maintenance. Libraries must also consider
ethical questions concerning the collection and use of
user-related data.

The future of college libraries is therefore likely to
involve increasing integration of IoT with cloud
artificial intelligence and
machine learning. A well-designed IoT framework
can help libraries move from conventional automation
toward more connected and intelligent services while

computing, analytics,

maintaining the professional values of privacy,
accessibility and responsible information
management.
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