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Abstract: Large infrastructures like educational campuses can now become automated and
monitored with the quick development of Internet of Things (IoT) technology. Earlier campus
management systems mostly rely on manual procedures, which led to inefficiencies, increased
operating costs, wastage of resources, and slow reactions to urgent circumstances. The Smart
Parking System, Smart Notice Board, Smart Attendance System, Smart Classroom, Washroom
Hygiene Monitoring, and Automated Water and Beverage Dispenser are the six components
of the proposed Smart Campus Automation and Monitoring System. Real-time gathering of
data and centralized monitoring are done by the use of sensors, microcontrollers, and actuators.
Automation of routine campus operations guarantees better use of resources like water and
electricity, increases efficiency, and improves user convenience. Touchless dispensing systems
further enhance safety and hygiene. The system is made to be affordable, scalable, and
appropriate for use in colleges and other educational infrastructures. The implementation
shows how loT-based solutions may turn traditional campuses into intelligent, sustainable, and
smart spaces.

Keywords: 10T, automation, smart parking, smart attendance, smart campus, and hygiene
monitoring

1. Introduction

In order to increase operational effectiveness and improve the overall learning environment,
educational institutions are rapidly implementing digital technology [4, 5]. For tasks including
parking management, notice distribution, attendance recording, and building upkeep, a
traditional campus usually relies on manual supervision. These traditional methods take time
and are prone to mistakes, and frequently don't deliver information in real time.

Physical devices like sensors, displays, and controllers can now be connected to a centralized
system for intelligent monitoring and decision-making [2]. IoT technology is used in smart
campus to automate repetitive chores, minimize human intervention, and offer real-time
insights into campus operations. By reducing energy and water waste, this not only increases
efficiency but also promotes sustainability.
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A comprehensive Smart Campus Automation and Monitoring System with six integrated
modules is presented in this study.

e The Smart Notice Board facilitates immediate wireless communication.

e The Smart Parking System aids in the effective use of parking spaces.

e Accurate and proxy-free attendance recording is guaranteed by the Smart Attendance
System.

e Energy-efficient classroom management is the main focus of the Smart Classroom
module.

e Washroom Hygiene Monitoring uses ongoing sensing and alarms to raise sanitation
standards.

o Lastly, the Water & Beverage Dispenser module uses automated distribution to
eliminate waste and encourage hygiene.

The goal of this project is to develop and describe an integrated, scalable, and affordable smart
campus solution that improves user convenience, operational effectiveness, and environmental
sustainability.
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Fig 1: Smart Campus Automation and Monitoring System modules

2. Literature Review

The creation of smart infrastructures, such as smart cities and smart educational campuses, has
been greatly impacted by recent developments in Internet of Things (IoT) technology. The use
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of loT-based systems to enhance automation, monitoring, and decision-making procedures in
large-scale settings has been investigated by a number of researchers. In their discussion of
IoT's function in smart cities emphasized how networked sensors and devices allow for
effective resource management and real-time monitoring [2]. Their research offers a

fundamental insight that can be used to smart campus settings.

With a focus on system architecture, data gathering, and communication technologies provided
a thorough analysis of IoT applications in industrial and large-scale systems [1]. When creating
integrated smart campus solutions that incorporate several subsystems working together under
a single framework, the architectural ideas covered in this paper are pertinent. Similar to this,
Gubbi et al. suggested a generalized IoT architecture and noted important issues like security,
scalability, and data management—all of which are crucial for smart campus deployments [5].

Recent years have seen an increase in interest in smart campus-specific research. By
incorporating IoT technologies into educational institutions to enhance user experience and
operational efficiency, proposed the idea of a smart campus [4]. Their case study showed how
automating campus services can improve responsiveness to real-time events and lessen manual
labour.

Individual smart campus modules have been the subject of several studies. In order to maximize
parking space use and lessen traffic congestion, presented an intelligent smart parking system
that makes use of dynamic resource allocation [6]. According to their findings, campus spaces
should incorporate a smart parking module. created an RFID-based smart attendance system
that reduces proxy attendance and increases accuracy in the context of attendance management

[7].

Campuses have also used wireless communication to distribute information. Using GSM
technology, Aswale and Ingle created a wireless digital notice board system that allows for
immediate and remote notification updating [8]. This approach speeds up the dissemination of
information and lessens reliance on paper-based alerts.

Monitoring sanitation and hygiene has grown in significance, particularly in public spaces. An
Internet of Things (IoT)-based smart restroom monitoring system that use sensors to track
cleanliness and provide real-time maintenance notifications was proposed by Shinde and Patil
[9]. Their research shows how public health and sanitation standards can be enhanced by
automated hygiene monitoring.

Another crucial issue that IoT technologies address is water resource management. A smart
water monitoring system that emphasizes effective water use and leak detection using sensor-
based monitoring was introduced by Kumar and Mallick [10]. These ideas aid in the
development of automated water and beverage dispensing systems that guarantee hygienic
operation and minimize waste.

Many of the studies that are now available concentrate on isolated applications rather than an
integrated campus-wide solution, despite the fact that they offer insightful information on
specific smart systems. By integrating several loT-enabled modules into a single, centralized
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framework, the suggested Smart Campus Automation and Monitoring System fills this research
gap and provides enhanced scalability, efficiency, and sustainability.

3. System Architecture

Multiple campus modules can be seamlessly integrated under a centralized monitoring
framework 1.e. the proposed Smart Campus Automation and Monitoring System's layered IoT-
based architecture. The sensor, processing, communication, and application layers are the four
main levels that make up the system architecture.

Data Collection

Sensors (PIR, ultrasonic,
temperature, RFID)

@ Data Processing
E Microcontroller reads data
and decides actions

Automation and
Control

Devices controlled based
on data

@ Devices controlled
based on data

Fig 2: System Architecture

3.1 Sensing Layer: Real-time collection of data from the physical world is handled by the
sensor layer. It has a number of sensors, including water level sensors for the automated water
and beverage dispenser, temperature and humidity sensors for smart classrooms, infrared (IR)
sensors for occupancy detection, ultrasonic sensors for smart parking, and RFID readers for
attendance. These sensors continuously gather usage and environmental data from various
campus areas.
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Fig 4: Working Of Ultrasonic Sensor

3.2 Processing Layer: Microcontrollers and embedded systems like Arduino, ESP8266,
makes up the processing layer. These controllers create control signals after processing
unprocessed sensor data and applying predetermined logic. For instance, the controller can
automatically adjust lighting and fans based on temperature data and classroom occupancy. In
a similar manner, sensor data from parking is analysed to identify anomalous circumstances
and send out alerts. This layer serves as the system's central decision-making unit [1,5].

Fig 5: ESP 8266

3.3 Communication Layer: Data transmission between the central monitoring system and the
processing units is made possible by the communication layer. Depending on the needs of the
application, wireless communication technologies including Wi-Fi are employed. A
centralized server or cloud platform receives real-time sensor data and system status updates.
This layer guarantees consistent and dependable connectivity between all of the smart campus
system's modules [2].

3.4 Application Layer: Data visualization and user interaction are provided by the application
layer. It consists of web-based dashboards that show real-time data including Notices, Parking
availability, Attendance records, classroom ambient conditions. Through this interface,
authorized users—such as administrators and maintenance personnel can keep an eye on
system performance, get alerts, and take remedial action. Transparency, control, and effective
campus management are all improved by this layer [4].

3.5 Overall Working of the System: At the sensory level, each of the six modules functions
independently, although they are connected via a centralized design. Sensor data is processed
locally before being sent to the application layer for monitoring and analysis. Easy scalability
is made possible by the modular architecture, which makes it possible to add new modules or
sensors without compromising functionality. Throughout the campus, this integrated design
guarantees effective resource use, real-time monitoring, and better decision-making.
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4. Proposed Work

4.1 Smart Parking System: The purpose of the Smart Parking System is to effectively manage
parking spots on campus. Every parking space has infrared or ultrasonic sensors placed to
identify the presence of a car. A microcontroller receives the sensor data and uses it to assess
slot availability in real time. After being transmitted to the central server, this data is shown on
a dashboard or digital display at the parking entry. The system improves overall campus
mobility by lowering fuel use, traffic congestion, and the amount of time spent looking for
parking spots.

Fig 6: Smart Parking

4.2 Smart Notice Board: Information may be instantly and wirelessly sent around the campus
by the Smart Notice Board module. Notifications are posted using a web application and sent
by Wi-Fi to LCD display boards. This module guarantees that staff and students receive critical
notifications on time, removes the need for manual notice posting, and uses less paper.

Fig 7: RFID attendance and Notice Board

4.3 Smart Attendance System: RFID technology is used by the Smart Attendance System to
automate the process of registering attendance. An RFID reader placed at classroom entrances
scans each student's unique RFID card. In real time, the microcontroller updates attendance
records in the database (Firebase) and confirms the card ID. This technique saves important
teaching time, reduces human mistake, and prevents proxy attendance. Authorized staff have
access to attendance data for reporting and analysis.
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Fig 10: Firebase Database

4.4 Smart Classroom: The Smart Classroom module aims to improve both learning comfort
and energy economy. Classroom conditions are monitored by sensors including temperature,
humidity, and occupancy sensors. The system uses relays to automatically operate lights, fans,
based on sensor inputs. This automation produces the best possible learning environment while
lowering needless power use. Environmental data is also recorded for analysis and future
improvement.

Fig 11: Smart Classroom
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4.5 Washroom Hygiene Monitoring System: Campus restrooms are kept hygienic and clean
by the Washroom Hygiene Monitoring module. Water level sensors track the availability of
water and cleaning supplies, while gas and odour sensors are used to identify offensive odours.
The monitoring program notifies maintenance personnel when hygiene levels drop below
predetermined standards. This proactive strategy promotes public health on campus, raises
cleanliness standards, and increases user comfort.

Fig 12: Smart Washroom

4.6 Water and Beverage Dispenser: A sanitary and automated dispensing solution is offered
by the Water and Beverage Dispenser module. Touchless operation is made possible via an
infrared sensor, guaranteeing user hygiene and safety. While the microprocessor regulates
pumps and solenoid valves for accurate distribution, water level sensors keep an eye on the
water's availability. The technology guarantees continuous service, reduces water waste, and
facilitates effective resource management. Schedules for maintenance and refills can be created
by analysing use data.

5. Advantages of the Proposed System

By utilizing IoT-based automation and centralized monitoring, the suggested Smart Campus
Automation and Monitoring System offers a number of advantages over traditional campus
management techniques.

5.1 Improved Operational Efficiency: Routine campus tasks like parking management,
facility monitoring, notice distribution, and attendance tracking may be automated to
drastically cut down on administrative work and physical labour. Faster decision-making and
prompt responses to campus occurrences are made possible by real-time data gathering and
processing [1, 4].

5.2 Real-Time Monitoring and Control: Continuous monitoring of campus infrastructure and
resources i1s made possible by the combination of sensors, microcontrollers, and wireless
connectivity. Through centralized dashboards, administrators may monitor system status in real
time and take prompt remedial action, enhancing overall system responsiveness [2, 5].

5.3 Energy and Resource Conservation: Water dispensing systems, fans, and lighting in
classrooms may all be intelligently controlled to save needless water and energy use. Effective
use of resources promotes sustainable campus growth and lowers costs [2,10].
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5.4 Enhanced Accuracy and Transparency: Human error and manipulation are decreased by
automated solutions like sensor-driven monitoring and RFID-based attendance. Reliability and
accountability in campus operations are enhanced by accurate data logging and open reporting

[7].

5.5 Improved Hygiene and Safety: Touchless water and beverage delivery and ongoing
monitoring of restroom hygiene improve sanitation and lower health concerns. A safer and
healthier campus environment is enhanced by automated alarms that guarantee prompt
maintenance [9].

5.6 Scalability and Flexibility: The suggested system's modular design makes it simple to add
new sensors or modules without significantly altering the current infrastructure. Because of its
adaptability, the system may be used on campuses with varying sizes and needs [5].

5.7 Cost-Effective Implementation: The suggested method offers a cost-effective way to
build smart campuses by utilizing inexpensive sensors, microcontrollers, and wireless
communication technologies. Economic viability is further improved by lower operating
expenses and effective resource management [1, 6].

6. Applications of the Proposed System

When effective infrastructure management, automation, and real-time monitoring are needed,
the suggested Smart Campus Automation and Monitoring System can be used in a variety of
settings.

6.1 Educational Institutions: The system may be used by colleges, universities, and
educational institutions to automate parking management, notice distribution, classroom
energy control, and attendance monitoring. Centralized monitoring boosts teacher and student
learning environments and increases administrative effectiveness [4, 5].

6.2 University Hostels and Residential Campuses: The system may be expanded to monitor
common area energy use, water use, and hygienic conditions in hostels. Automated
notifications enable maintenance personnel to react promptly to problems pertaining to
resource availability and cleanliness. [9,10].

6.3 Corporate and Industrial Campuses: The suggested solution may be used in corporate
offices and industrial campuses for effective facility management, digital notice boards, smart
parking, and access monitoring. Operational transparency and resource efficiency are enhanced
by real-time monitoring [1, 2].

6.4 Sustainable and Smart City Initiatives: The suggested smart campus paradigm might
serve as a cornerstone for the creation of smart cities. By lowering energy use, enhancing
cleanliness, and facilitating data-driven decision-making, the integration of IoT-based
automation and monitoring helps sustainability goals [2, 5].
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7. Conclusion

In this study, Internet of Things (IoT) technologies were used to create and execute a Smart
Campus Automation and Monitoring System. The Smart Parking System, Smart Notice Board,
Smart Attendance System, Smart Classroom, Washroom Hygiene Monitoring, and Automated
Water and Beverage Dispenser are the six crucial campus modules that are integrated into a
centralized and scalable framework by the suggested system. The system offers real-time
monitoring, automation, and effective resource management throughout the campus by
utilizing sensors, microcontrollers, wireless connection, and local or cloud servers.

Automation greatly lowers manual intervention, increases operational accuracy, and improves
user convenience, as shown by the approach and module-wise implementation. Better decision-
making, energy saving, and higher standards of cleanliness and safety are all facilitated by
centralized control and real-time data collecting. The system may be tailored to campuses of
different sizes and needs thanks to its modular architecture, which guarantees flexibility and
scalability.

All things considered, the suggested smart campus solution provides an affordable and long-
lasting method of contemporary campus administration. According to the findings and research,
IoT-based automation can be crucial in converting conventional educational establishments
into smart campuses that are intelligent, effective, and ecologically conscious [2,4,5].

8. Future Scope

A solid basis for additional improvements and sophisticated connections is provided by the
suggested Smart Campus Automation and Monitoring System. Predictive decision-making,
including anticipating energy usage, parking demand, and maintenance requirements, may be
made in the future by integrating machine learning (ML) and artificial intelligence (AI)
algorithms to evaluate previous data [5].

To further increase accuracy and user comfort, sophisticated verification techniques like face
recognition and mobile-based attendance systems can be included. A specialized mobile
application that gives employees and students access to real-time data, alerts, and customized
services is another way to expand the system.

Campus administrators may use big data platforms and cloud-based analytics to provide
comprehensive reports and insights that assist resource allocation and data-driven policy
creation. Furthermore, integrating renewable energy sources like solar energy and smart grids
can save operating costs and improve sustainability [2].

The suggested system's scalable and modular architecture makes it simple to integrate with
other smart city elements, such as emergency management systems, intelligent transportation
systems, and smart surveillance. The smart campus may become a completely autonomous,
intelligent, and sustainable ecosystem as a result of these upcoming improvements [4, 5].

IJERTCONV 141 S040071 Page 10
(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



Published by : International Journal of Engineering Research & Technology (IJERT)

https://lwww.ijert.org/ ISSN: 2278-0181
An International Peer-Reviewed Journal Vol. 14, Issue 04, ICTEM 2.0 (2026)
References

[1]L. D. Xu, W. He, and S. Li, “Internet of Things in Industries: A Survey,” IEEE Transactions
on Industrial Informatics, vol. 10, no. 4, pp. 2233-2243, Nov. 2014.

[2] A. Zanella, N. Bui, A. Castellani, L. Vangelista, and M. Zorzi, “Internet of Things for Smart
Cities,” IEEE Internet of Things Journal, vol. 1, no. 1, pp. 22-32, Feb. 2014.

[3] R. Minerva, A. Biru, and D. Rotondi, “Towards a Definition of the Internet of Things (IoT),”
IEEE Internet Initiative, pp. 1-86, 2015.

[4] Abdulwahid et al., “IoT-Cloud Smart Campuses Enabling Real-Time Intelligent Resource
Automation,” Journal of Information Systems Engineering and Management, 2025.

[5]J. Gubbi, R. Buyya, S. Marusic, and M. Palaniswami, “Internet of Things (IoT): A Vision,
Architectural Elements, and Future Directions,” Future Generation Computer Systems, vol. 29,
no. 7, pp. 1645-1660, Sept. 2013.

[6] S. Kotb, Y. Shen, X. Zhu, and Y. Huang, “iParker — A New Smart Car-Parking System
Based on Dynamic Resource Allocation and Pricing,” IEEE Transactions on Intelligent
Transportation Systems, vol. 17, no. 9, pp. 2637-2647, Sept. 2016.

[7] C. Dhanush, S. Singha Chowdhury, and A. K. Shekadar, “Automated Attendance System
using RFID and IoT,” Journal of IoT in Social, Mobile, Analytics, and Cloud, 2025.

[8] Gaurav Bhardwaj, Rajan K. Mishra, Gunjan Sahu, IoT-based Smart Notice Board,
International Journal of Engineering Research & Technology (IJERT), Vol. 09, Issue 06, June
2020.

[9] Zulkifli et al., “loT-Based Water Monitoring Systems: A Systematic Review,” Water, 2022.

[10] S. N. M. Zahra and K. D. Irianto, Implementation of Lean Methodology in loT-Based
Smart Water Dispenser for Real-Time Monitoring and Notification, Jurnal Media Computer
Science, Vol. 4, No. 2, Jul. 2025.

IJERTCONV 141 S040071 Page 11
(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



