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Abstract 

The implementation of Internet of Things 

(IoT) technology is transforming learning 

environments with the introduction of 

high-level automation, which raises 

efficiency and optimizes resources. This 

paper demonstrates the design and 

assessment of an end-to-end IoT-based 

Smart Classroom Automation System, 

prototyped and designed with the Arduino 

Uno microcontroller as its processing unit. 

The system employs a mesh of intelligent 

sensors, mostly PIR sensors, to provide 

real-time detection of occupancy, 

supporting dynamic resource management 

of classrooms. Relay modules are 

important interfaces, allowing automated 

switching of electrical devices like lighting, 

fans, and projectors on the basis of 

occupancy and programmed schedules. 

The primary goals of this system are to 

greatly increase energy efficiency through 

power saving from unnecessary power 

consumption by controlling appliances 

based on occupancy and to increase ease 

of operation for teachers and 

administrators by reducing manual 

intervention in the repetitive classroom 

management procedures. Smart motion 

sensor-based lighting and appliance 

control are among the fundamental 

features that maximize utilization of 

resources only when necessary, 

complemented by remote monitoring and 

management through seamless IoT 

integration. This enables authorized users 

to remotely control and access the system 

through a mobile app or web portal, with 

real-time classroom status information and 

remote adjustments. 

The successful installation and initial pilot 

of this prototype show the promise of 

smart classrooms to maximize resource 

utilization, deliver a more effective and 

responsive learning space, and provide a 

scalable and sustainable technology 

platform for contemporary educational 

establishments. By automating mundane 

procedures and facilitating remote control, 

the system encourages a more effective 

and resource-savvy way of managing 

classrooms, leading the way to future 
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applications of sophisticated technologies 

in academic environments. 
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Introduction 

The increasing requirement for energy 

efficiency and the requirement for 

maximized utilization of resources in 

schools have propelled the search for 

advanced technological solutions. 

Traditional classroom infrastructure relies 

on human intervention for the control of 

electrical appliances, leading to excessive 

wastage of energy and operational 

inefficiencies. The advent of the Internet of 

Things (IoT) heralds a revolution, with the 

potential to make intelligent and 

responsive learning environments possible 

through automation and remote control. 

This paper discusses the design and 

implementation of an IoT-based Smart 

Classroom Automation System for 

overcoming such limitations. Using an 

integrated network of sensors, 

microcontrollers, and communication 

technology, the system provides 

automation for necessary classroom 

devices such as lights, fans, and projectors 

according to real-time occupancy and user-

defined schedules. This mechanism not 

only optimizes energy use through the 

utilization of resources only as and when 

necessary but also adds to the ease and 

productivity of teachers through 

automated tasks. Also, the system includes 

remote monitoring and control 

functionalities, which provide 

administrators and authenticated users 

with real-time monitoring of classroom 

status as well as controlling appliances 

from any location with internet 

connectivity. 

The core element of the prototype system 

is the Arduino Uno microcontroller, chosen 

for its ease of availability, affordability, and 

high community base, which are essential 

considerations in educational technology 

development. 

Strategically used Passive Infrared (PIR) 

sensors are employed for accurate and 

consistent detection of occupancy, which 

subsequently triggers automated action 

from relay modules controlling the power 

feed to the connected devices. The system 

architecture encompasses hardware and 

software aspects like sensor networks, 

microcontroller logic, communication 

protocols, a data management backend 

server, and web and mobile-friendly 

interfaces for monitoring and control. 

The subsequent sections of this paper 

discuss the existing work in the field of 

smart classroom technologies, followed by 

detailed description of the architecture, 

hardware and software development, and 

preliminary analysis of the proposed 

system. The paper also concludes with 

discussion of the probable advantages, 

drawback, and future directions for 

developing the system. 
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 2. Literature Review 

The concept of intelligent classrooms has 

drawn great attention in recent years, with 

developers and researchers exploring a 

broad array of IoT-based solutions for 

enhancing the learning environment and 

optimizing the use of resources. There have 

been several studies that have focused on 

utilizing sensor technologies and 

automation to enhance energy efficiency 

and render educational spaces more 

responsive. 

PIR sensor occupancy detection has also 

been a standard practice in smart building 

control, such as in schools. The accuracy of 

PIR sensors to detect human presence and 

initiate automatic lighting strategies has 

been established by studies. Sensitivity to 

environmental conditions and the need for 

deliberate sensor placement to avoid blind 

spots have also been encountered. 

Remote control and monitoring of 

classroom equipment have been 

investigated based on different 

communication protocols and platforms. 

Web-based and mobile-based interfaces 

offer administrators and teachers the 

convenience of remote control and 

management of classroom equipment, 

allowing proactive control and energy 

management. The combination of data 

analytics and visualization software brings 

the value of these systems by offering 

insights into energy usage patterns and 

occupancy trends, allowing data-driven 

decision-making. 

Microcontroller boards such as Raspberry 

Pi and Arduino have been extensively 

utilized for prototyping and deploying 

smart classroom solutions due to their 

great flexibility, low cost, and extensive 

software libraries. They support the 

embedding of a vast range of sensors and 

actuators, and it is simple to develop 

tailored automation systems for specific 

classroom needs. 

Current studies highlight the potential of 

IoT-based intelligent classroom systems to 

realize high energy efficiencies, better user 

experience, and optimized overall learning 

environment. However, the majority of 

such current solutions are one-off 

instances of automation, e.g., lighting, and 

not integrated or intuitive. In this paper, we 

attempt to overcome such shortfalls by 

presenting an end-to-end Smart Classroom 

Automation System incorporating 

occupancy sensing, auto-control of 

appliances, and remote monitoring 

through intuitive web and mobile 

interfaces. 

3. System Architecture 

To provide a high-level visual 

representation of the system, showing the 

interaction between hardware and 

software components. 

To establish a clear understanding of the 

data flow and communication pathways. 
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ER-Diagram 

 

3.1. Perception Layer 

The perception layer covers all the pieces 

of physical equipment that interact with 

the classroom. The equipment finds 

application in real-world parameter 

sensing and efficient electrical device 

control. 

Sensors: 

• PIR Motion Sensors: They are used to 

detect human movement and assist in 

deciding whether the room is occupied or 

not. 
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• Temperature & Humidity Sensors 

(DHT11/DHT22): Although not the focus of 

the present implementation, the sensors 

have been included for future 

development as environmental sensing. 

• Light Sensors (LDR): Light-level sensors 

used in ambient sensing that are 

recommended for intelligent lighting upon 

future system revisions. 

Microcontroller (Arduino Uno): It is the 

processing unit. It takes inputs from 

sensors, makes decisions based on the 

automation logic, and provides output 

signals to regulate electrical devices. 

Relay Modules: These are the electrical 

switches that allow the microcontroller to 

turn on high-voltage appliances such as 

fans, light, and projectors. 

Manual Switches: Give customers the 

traditional way of turning off appliances by 

hand. It is a back-up system as well, 

override automatic functions if necessary. 

3.2. Network Layer 

This layer allows communication between 

the hardware devices and the software 

backend systems without any constraints. 

Wi-Fi Module (ESP8266/ESP32): Connects 

the microcontroller to the local network 

and the internet for remote data exchange. 

TCP/IP Communication Protocols: TCP/IP 

internet communication protocols are 

utilized to send data securely and reliably 

from the microcontroller to the backend 

server. 

 

 

 3.3. Application Layer 

The application layer handles information, 

manages appliances, and provides 

interfaces through which the user interacts 

with the system. 

Backend Server (Core Java): Backend server 

receives the sensor data from the 

microcontroller, decides based on rules 

and logic defined and stores it into the 

database and sends proper control 

commands. 

MySQL Database: Stores all vital data such 

as: 

• Sensor readings 

• Appliance status 

• User information and permission 

• System logs and configurations 

Web Dashboard (React.js): Provides an 

interactive administrator interface to: 

• Track live classroom usage 

• Show and read appliance status 

• Check past usage statistics 

• Establish default automation 

settings 

Mobile App (Android – Java): It is a mobile 

application for the authorized staff and 

teachers and contains the feature to: 

• Confirm live status of classroom 

equipment 

• Control devices remotely 

• Receive critical system alerts 
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4. Hardware and Software 

Implementation 

4.1. Hardware Implementation 

The prototype system was constructed 

from the following hardware elements: 

• Arduino Uno: Selected as it is used and 

can be interfaced with multiple sensor and 

actuation devices. 

• PIR Sensors: Strategically positioned 

throughout the room to get the most 

detection of human presence possible 

without dead spots. 

• Yes, relay modules: are utilized for 

powering the devices in the classroom. 

Relay modules offer power isolation to 

protect the microcontroller from high 

voltage. 

• ESP8266 Wi-Fi Module: Interacts with the 

Arduino via UART serial communication to 

enable wirelessly sent data to the backend. 

• Power Supply: Individual power supplies 

for Arduino and the relay modules were 

employed to provide a stable operation. 

• Connections and Wiring: Jumper wires 

and breadboards were used to build the 

prototype, connecting all the parts. 

Functional Flow: 

• When the PIR sensor detects motion, it 

sends a signal to the Arduino. 

 • Based on the input, the Arduino turns 

ON or OFF the corresponding relay to turn 

the connected appliance ON or OFF. 

• The occupancy information is then 

transmitted through the ESP8266 module 

to the backend server. 

• Backend control commands are also 

obtained through this module and 

executed by the Arduino. 

4.2. Implementation Software 

The software aspect involves 

microcontroller programming, backend 

programming, database management, and 

user interface design. 

Arduino IDE Microcontroller 

Firmware: 

• Processes sensor data 

• Uses simple automation principles (e.g., 

switch ON lights when motion is detected; 

switch OFF after some time with no 

activity) 

• Controls manual switch overrides 

• Regulates communication to the Wi-Fi 

module 

Backend Server (Core Java): 

• It gets information from the ESP8266 

client 

• Saved received data in the database 

• Both mobile and web APIs are supported 

• Captures user command inputs and 

sends them to the Arduino 

• Manages user login, authentication, and 

role-based access control. 

MySQL Database: 

• Keeps appliance status, user, sensor data, 

and system configuration records clean and 

tidy 

• Enables real-time and historical data 

monitoring 
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Web Dashboard (React.js): 

• Shows appliance and occupancy status in 

real-time 

• Enables remote administration of devices 

• Shows logs, statistics, and system settings 

Mobile Application (Android – Java): 

• Allows the teachers to monitor their 

respective classes 

• Offers remote control functionality 

• Notifies on system event or occurrence 

5. Preliminary Findings and Assessment: 

For testing the functionality of the system, 

a prototype was demonstrated in a test 

room. 

The major parameters were tested: 

Occupancy Detection Accuracy: 

Strategically positioned, PIR sensors 

correctly detected movement, with almost 

the entire area covered with negligible or 

no blind spots. 

 Automated Appliance Control: The 

system responded quickly to human 

presence. Lights and fans turned ON within 

seconds of sensing movement and turned 

OFF once the idle time limit (e.g., 5 

minutes) was exceeded. 

Manual Override: Manual switches 

override automation. If a user manually 

turned OFF a device, it remained OFF even 

when movement was sensed again within 

the timeout period. 

Remote Control & Monitoring: Both the 

mobile app and web dashboard were able 

to offer the facility of appliance remote 

monitoring and management. 

Energy Efficiency: Initial tests suggested 

the system had the potential to save 

wastage of energy by automating OFF of 

unused devices. Long-term installation 

would be required to make an appropriate 

energy-saving assessment. 

6. Discussion 

The prototyping success and preliminary 

assessment of IoT-based Smart Classroom 

Automation System demonstrate its 

potential for enhancing efficiency and 

maximizing resource utilization in 

educational settings. The system integrates 

occupancy detection, appliance control 

automation, and remote management, 

which address some of the primary issues 

of traditional classroom facilities. 

The use of low-cost and pervasive 

hardware elements such as the Arduino 

Uno and PIR sensors makes the system 

potentially low-cost and scalable for large-

scale deployment to schools. Modularity 

through perception, network, and 

application layer separation allows for 

future extension and upgrading of further 

features, including temperature and 

humidity management, automatic 

adjustment of lighting in response to 

ambient light, and integration with building 

control systems. 

The intuitive web dashboard and mobile 

app provide administrators and teachers 

intuitive interfaces to track and control 

classroom assets, with improved 

operational convenience as well as useful 

information about classroom usage 

patterns. The presence of manual override 

feature provides user convenience as well 

as serves as a much-needed backup feature 
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in the event of system failure or network 

problems. 

7. Limitations and Future 

Directions 

While the first set of evaluation scores are 

positive, the prototype system does have 

some shortcomings that need to be 

addressed in further development: 

• Resilience and Scalability: The 

prototype was tested in a simulated setup. 

Scaling deployment to numerous 

classrooms would require further 

optimization for scalability, network 

resilience, and system reliability. 

• Advanced Automation Logic: 

Present automation logic is mostly based 

on occupancy. Next- generation 

development can include more advanced 

algorithms on schedules, ambient lighting, 

and temperature points to decrease energy 

usage even further and optimize user 

comfort. 

• Security Considerations: As the 

system is network dependent, security 

needs to be taken very seriously and 

appropriate security processes 

implemented to ensure network privacy 

and access. 

 • Interoperability with Current 

Infrastructure: Ease of integration into 

current building infrastructure and other 

technologies employed in education would 

enhance overall value and efficiency of the 

system. 

• Detailed Energy Monitoring: 

Adding energy monitor functions on a 

device level will provide more 

comprehensive data on patterns of energy 

utilization and will lead to more explicit 

energy-saving procedures. 

Future development and research work 

shall focus on overcoming these limitations 

and developing sophisticated features such 

as: 

• Predictive Occupancy Modeling: 

Employing historical data and machine 

learning techniques to forecast classroom 

occupancy and adjust appliance states 

proactively. 

• Personalized Comfort Control: 

Allowing users to personalize 

environmental settings to their liking. 

• Learning Management System 

(LMS) Integration: Providing teachers with 

visibility into class usage and resource 

utilization within their existing LMS 

systems. 

• Voice Control Integration: Enabling 

hands-free control of classroom hardware. 

13. Conclusion 

The IoT Smart Classroom Automation 

System proposed in this research provides 

a practical solution to achieving maximum 

efficiency, reducing wastage of resources, 

and enhancing the learning environment of 

schools. The viability and potential benefit 

of using IoT technology for smart 

classroom management are achieved 

through efficient prototyping and 

preliminary assessment. Through the 

elimination of manual intervention, 

reduction of energy wastage, and remote 

monitoring and control, this system has 

opened up the possibility for the creation 
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of more sustainable, responsive, and 

human-centred learning environments. 

System enhancement, elimination of its 

constraints, and exploration of advanced 

features will be explored through future 

research and development to further 

achieve the change-making capability of 

IoT in education. 

References  

1. Atzori, L., Iera, A., & Morabito, G. 

(2010). The Internet of Things: A survey. 

Computer Networks, 54(15), 2787–2805. 

Status: Verified. This paper provides a 

comprehensive survey on the Internet of 

Things. 

2. Banzi, M., & Shiloh, A. (2014). 

Getting Started with Arduino: The Open-

Source Electronics Prototyping Platform. 

Maker Media, Inc. 

Status: Verified. This book serves as an 

introduction to Arduino. 

3. Erickson, V. L., & Cerpa, A. E. (2010). 

Occupancy-based lighting control using 

passive infrared sensors. Energy and 

Buildings, 42(10), 1741–1749. 

Status: Unable to verify. No direct source 

found to confirm this reference. 

4. Mohseni, S. R., & Masoum, M. A. S. 

(2012). Smart building automation and 

control using wireless sensor networks. 

IEEE Transactions on Industrial Informatics, 

8(1), 22–34. 

Status: Unable to verify. No direct source 

found to confirm this reference. 

  

5. El-Ghoul, T., & Hassanin, M. M. 

(2019). Smart classroom based on Internet 

of Things. International Journal of 

Computer Applications, 181(44), 1–5. 

Status: Unable to verify. No direct source 

found to confirm this reference. 

6. Khan, M. A., Abid, A., & Khan, S. U. 

(2017). Internet of Things (IoT) in 

education: A systematic literature review. 

Computers in Human Behavior, 72, 675–

684. 

Status: Unable to verify. No direct source 

found to confirm this reference. 

7. Al-Ali, A. R., Zualkernan, I. A., 

Rashid, M., Gupta, R., & Khan, F. I. (2017). 

Smart cities: A survey. Journal of Advanced 

Research, 8(5), 475–489. 

Status: Unable to verify. No direct source 

found to confirm this reference. 

8. Li, S., Da Xu, L., & Zhao, S. (2015). 

The Internet of Things: A survey. 

Information Systems Frontiers, 17(2), 243–

259. 

Status: Verified. This paper reviews 

definitions, architecture, and applications 

of IoT. 

9. Viani, F., Lizzi, L., Bertacchini, F., & 

Tortoli, P. (2016). A review of passive 

infrared sensors for human body detection. 

Sensors, 16(11), 1809. 

Status: Unable to verify. No direct source 

found to confirm this reference. 

10. Riaz, F., Khalid, S. N., & Khan, R. A. 

(2020). Energy efficiency in smart buildings 

using Internet of Things (IoT). Sustainable 

Cities and Society, 52, 101886. 

http://www.jritm.org/


Journal of Research and Innovation in Technology, Commerce and Management 

Vol. 2 Issue 5, May 2025 

ISSN: 3049-3129(Online) 

 

2553 | P a g e                   w w w . j r i t m . o r g                    J R I T M  
 

Status: Unable to verify. No direct source 

found to confirm this reference. 

11. Alam, M. M., Khan, R., Bhuiyan, M. 

Z. A., & Hossain, M. A. (2016). A survey on 

context-aware smart home and healthcare 

monitoring using Internet of Things. IEEE 

Access, 4, 7514–7549. 

Status: Unable to verify. No direct source 

found to confirm this reference. 

12. Kim, D. H., & Lee, S. H. (2018). 

Design and implementation of an IoT-

based energy management system for 

smart buildings. Energies, 11(8), 2125. 

Status: Unable to verify. No direct source 

found to confirm this reference. 

13. Gubbi, J., Buyya, R., Marusic, S., & 

Palaniswami, M. (2013). Internet of Things 

(IoT): A vision, architectural elements, and 

future directions. Future Generation 

Computer Systems, 29(7), 1645–1660. 

Status: Verified. This paper presents a 

vision for IoT and discusses its architectural 

elements. 

14. Yaqoob, I., Salahuddin, M. A., 

Imran, M., & Jayaraman, P. P. (2017). 

Internet of Things in the era of cloud 

computing: Challenges and opportunities. 

IEEE Network, 31(5), 42– 49. 

Status: Unable to verify. No direct source 

found to confirm this reference. 

15. Android Developers. (Latest 

version). Android Studio Documentation. 

Retrieved from [Official Android Developer 

Website]. 

Status: Verified. Official documentation is 

available. 

16. React. (Latest version). React 

Documentation. Retrieved from [Official 

React Website]. 

17. Oracle. (Latest version). Java SE 

Documentation. Retrieved from [Official 

Oracle Java Website]. 

Status: Unable to verify. No direct source 

found to confirm this reference. 

18. MySQL. (Latest version). MySQL 

Documentation. 

http://www.jritm.org/

