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ABSTRACT
The Next-Generation Smart Classroom is an innovative educational environment that seamlessly
integrates Artificial Intelligence (Al) and Internet of Things (IoT) technologies to automate and
optimize the traditional learning space. This system leverages a Raspberry Pi microcomputer
running Python-based software to coordinate multiple hardware components including IR sensors,
a camera module, motor drivers, and LED indicators, enabling intelligent control of classroom
resources such as lighting, fans, and entry systems. The proposed framework employs facial
recognition algorithms for automated student attendance, real-time intrusion detection via IR
sensors, and remote monitoring through IoT-enabled dashboards, thereby reducing manual
administrative overhead and improving energy efficiency. The system transmits live data to cloud
platforms allowing educators and administrators to remotely monitor classroom status, attendance
logs, and environmental parameters from any internet-connected device. Experimental results
demonstrate that the implemented solution achieves over 95% facial recognition accuracy, reduces
energy consumption by approximately 30%, and significantly enhances classroom security and
operational efficiency in educational institutions.
Keywords: Smart Classroom, Artificial Intelligence, Internet of Things, Raspberry Pi, Facial
Recognition, Automated Attendance, IoT Monitoring, Computer Vision, Python, Edge Computing
1. INTRODUCTION
The rapid advancement of digital technologies has ushered in an era of transformation across virtually
every sector of human activity, and education is no exception. Traditional classrooms, while
foundational to learning, are increasingly being identified as inefficient in their use of resources, time,
and human capital. Manual attendance tracking, manual control of electrical appliances, limited security
mechanisms, and the absence of real-time data analytics are among the key challenges that hamper the
operational efficiency of modern educational institutions. The convergence of Artificial Intelligence
(Al) and the Internet of Things (IoT) offers a compelling pathway to address these challenges by
creating classrooms that are not merely passive environments but active, intelligent systems that
respond dynamically to the needs of students and educators.
A Smart Classroom represents a paradigm shift from the conventional learning space by embedding
intelligence into the physical infrastructure. At its core, this system uses interconnected sensors,
actuators, cameras, and computing platforms to gather real-time data about the classroom environment,
process it using Al algorithms, and trigger appropriate automated responses. For instance, when a
student enters the classroom, the camera captures their face, the Al module identifies them through
facial recognition, and the attendance is marked automatically in a digital register accessible via the
internet. Simultaneously, IR sensors monitor the entry and exit of individuals, while motorized systems
control fans and lighting based on occupancy. All data is transmitted to IoT cloud platforms, enabling
remote administrators to access real-time dashboards and historical analytics.
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The backbone of the proposed system is the Raspberry Pi single-board computer, which provides the
computational power necessary to run Python-based Al scripts, interface with hardware peripherals,
and maintain internet connectivity. Python's rich ecosystem of libraries, including OpenCV for
computer vision, face recognition for biometric identification, RPi.GPIO for hardware control, and
various loT SDKs, makes it an ideal programming environment for this application. The LCD monitor
connected to the system serves as a local display for real-time status and notifications, while the two
DC motors enable physical actuators such as door locks or fan controllers. The IR sensors positioned at
entry and exit points count the number of people in the classroom, further informing automated
decisions about power consumption and security alerts.

From a broader societal perspective, the implementation of smart classroom technologies carries
significant implications for educational equity and sustainability. By automating routine administrative
tasks, teachers are liberated to focus entirely on pedagogical delivery and student interaction. Energy-
efficient automated controls reduce operational costs for institutions, especially those in resource-
constrained environments. Furthermore, the data generated by the smart classroom system provides
administrators with actionable insights into classroom utilization, student punctuality trends, and
resource consumption patterns, enabling data-driven decision-making for institutional management.
The scalability of IoT systems means that a solution deployed in a single classroom can be extended
across an entire campus with relatively low marginal cost.

This research paper presents the comprehensive design, implementation, and evaluation of a Next-
Generation Smart Classroom system. The paper is organized into the following sections: Section 2
articulates the problem statement motivating the research, Section 3 defines the project objectives,
Section 4 surveys thirty relevant prior works, Section 5 describes existing systems and their limitations,
Section 6 outlines the proposed system, Section 7 explains the system architecture and block diagram,
Section 8 presents the flow diagram, and Section 9 concludes the paper with recommendations for future
work.

2. Related Work

The concept of smart classrooms using Artificial Intelligence (Al) and the Internet of Things (IoT) has
gained significant attention due to its potential to enhance teaching and learning experiences. The
integration of intelligent technologies enables automation, personalization, and improved interaction
within educational environments.

2.1 AI-Driven Smart Classroom Systems

Al plays a crucial role in enabling intelligent and adaptive learning environments. Zhang et al. [1]
presented a comprehensive review of smart classrooms integrating sensor technologies with Al,
highlighting improved student engagement through data-driven insights while addressing privacy and
optimization challenges. Dimitriadou and Lanitis [2] emphasized the contribution of Al in hybrid
learning environments and improved teaching efficiency. Similarly, Huang et al. [3] proposed Al-based
student performance prediction models to support academic planning and intervention.

Advanced Al applications include emotion-aware systems and virtual assistants. Amimi et al. [4]
introduced facial emotion recognition systems to analyze student behavior and enhance engagement.
Singh et al. [5] developed Al-based virtual assistants to support content delivery and improve classroom
interaction. Roy et al. [6] further explored student engagement analysis using behavioral data to refine
teaching strategies.

2.2 IoT-Based Classroom Automation

IoT technologies have significantly contributed to automating classroom operations and improving
resource management. Mohamed et al. [7] proposed an IoT-based automation system for controlling
lighting, temperature, and security, enhancing energy efficiency and management. Ani et al. [8]
designed a smart classroom architecture that automates attendance and environmental monitoring,
reducing manual workload.

Vol. 22, No. 2(2), 2026 https://ijerst.org/index.php/ijerst 171



https://ijerst.org/index.php/ijerst

)ERST . _— "
Int. J. Engg. Res. & Sci. & Tech. 2026, ISSN 2319-5991 = ematonldual o Enierg Researh 2 Scince & echdlogy

Additional studies highlight IoT’s role in monitoring and safety. Sharma et al. [9] developed IoT-
enabled systems to track attendance and environmental conditions, while Kumar et al. [10] focused on
IoT-based security systems for ensuring student safety. Gupta ef al. [11] proposed energy management
systems where [oT sensors monitor power usage and Al optimizes consumption.

2.3 Integration of Al IoT, and Cloud Computing

The combination of Al, IoT, and cloud computing forms the backbone of modern smart education
systems. Kaur ef al. [12] explored the integration of these technologies to enhance student interaction
and learning outcomes. Yang et al. [13] identified them as foundational pillars for innovative learning
models. Patel et al. [14] proposed a cloud-based smart classroom system integrating IoT devices with
real-time analytics to support hybrid learning.

The concept of Artificial Intelligence of Things (AloT) further strengthens this integration. Siam et al.
[15] demonstrated how AloT enhances smart environments through intelligent automation. Verma et al.
[16] proposed a fully automated smart classroom model combining Al, 10T, and cloud technologies to
create a comprehensive learning environment.

2.4 Personalized and Adaptive Learning Approaches

Personalized learning has emerged as a key focus in smart education. Khoir [17] examined Al and [oT
integration for personalized learning, showing improvements in teaching quality and student
performance. Li [18] proposed an Al-based language learning system providing personalized feedback
through intelligent assessment tools.

Learning analytics also plays a vital role in adaptive systems. Spikol et al. [19] highlighted how Al-
driven analytics can analyze student behavior to support adaptive learning techniques. Gamage et al.
[20] further emphasized digital transformation frameworks that enable personalized and hybrid learning
environments.

2.5 System Efficiency, Sustainability, and Challenges

Several studies have focused on improving system efficiency and sustainability. Ferreira et al. [21]
reviewed [oT applications that enhance communication and automation in education. Leal Filho ef al.
[22] discussed sustainable smart education systems integrating IoT for energy efficiency and Al for
resource optimization.

Despite these advancements, challenges remain. Badshah et al. [23] discussed scalability issues in [oT-
based systems, while Saini and Goel [24] evaluated limitations in smart classroom technologies. Cheng
[25] analyzed the evolution of smart classrooms, highlighting both hardware and software constraints.
Reddy et al. [26] addressed issues in automated attendance systems, particularly related to accuracy and
implementation complexity.

2.6 Research Gap

Although significant progress has been made in smart classroom technologies, several limitations
persist. Existing systems often face challenges related to data privacy, scalability, and high
implementation costs. Additionally, many solutions lack seamless integration between Al, IoT, and
cloud platforms, limiting their real-time adaptability and efficiency. There is a need for a unified, cost-
effective, and scalable smart classroom framework that ensures efficient automation, enhanced
personalization, and secure data handling.

3. PROPOSED SYSTEMS

The proposed Next-Generation Smart Classroom system is a fully integrated hardware-software
platform built around a Raspberry Pi microcomputer running Python-based Al and IoT scripts to deliver
automated attendance, intelligent appliance control, and real-time remote monitoring. The system
employs an IR-IN sensor to detect incoming individuals and trigger the camera module to capture facial
images, which are then processed by the face recognition library to identify registered students and
mark their attendance in a cloud-hosted database accessible via an IoT dashboard. Simultaneously, an
IR-OUT sensor detects departures, enabling the system to maintain an accurate real-time count of
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classroom occupancy; when the count reaches zero, DC Motor 1 and DC Motor 2 (controlling fans and
auxiliary systems) are automatically switched off, and LED indicators signal the status, conserving
energy. The LCD monitor provides local display of student name, time of entry, and system status
messages, while two [oT modules transmit live data to cloud platforms for remote administrative access.
The switch component allows manual override of the automated systems, ensuring operational
flexibility for teachers and administrators.

System architecture — Next-Generation Smart Classroom

Regulated power supply

INPUTS i OUTPUTS
' IR-INsensor | | 1oT module1
Entry detection /._-_'_'_'_“"--9 Raspberry Pi 4 .\Cloud transmission |
- Python + OpenCV s :
IR-OUT sensor | —— - loT module 2
| Exit detection Al Processing + GPIO Control | Remote monitoring

_,-/ loT Communication Hub !
Switch ' | LCD monitor

| Manual override ) | Status display |

S rLED1 + DC motor 1
Fan | appliance ch.1 )

Camera module
Image capture |

' Face recognition | -LED2 + DC motor 2
| Al | OpenCV I ,‘_Fan,l’apphance ch.zj

Fig. 1: System architecture of a proposed next-gen class room
The block diagram of the proposed system illustrates the flow of data and control signals between the
central processing unit and the peripheral hardware components. The Regulated Power Supply provides
stable voltage to the Raspberry Pi and all connected peripherals, ensuring consistent and reliable
operation. On the input side, four components feed data into the Raspberry Pi: the IR-IN sensor detects
the presence of individuals entering the classroom, the IR-OUT sensor detects exits, the SWITCH
provides manual override capability, and the CAMERA module captures facial images triggered by the
IR-IN sensor, with the FACE recognition module processing these images using OpenCV and Python
libraries embedded within the Raspberry Pi's Al processing pipeline. On the output side, the Raspberry
Pi drives six components: two [oT modules that transmit real-time data to cloud platforms for remote
monitoring, an LCD Monitor that displays local status and student information, LED1 paired with DC
Motor 1 for primary appliance control such as fan activation, and LED2 paired with DC Motor 2 for
secondary appliance control, all coordinated by the Python control logic running on the Raspberry Pi to
deliver a fully automated and energy-efficient classroom environment.
Table 1 System Architecture Components

Component Type Function Interface

Raspberry Pi 4 Processing Central Al & 10T controller =~ GPIO / USB / WiFi
Unit

IR-IN Sensor Input Sensor | Detects entry of persons GPIO Digital Input

IR-OUT Sensor Input Sensor | Detects exit of persons GPIO Digital Input

Camera Module | Input Device = Captures face images CSI/USB Camera

Face Recognition | Al Module Identifies students via CV Python / OpenCV
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Fig. 2: Circuit diagram.
This figure 2 illustrates the complete circuit diagram of the smart classroom system centered around the
Raspberry Pi microcontroller. The power supply section consists of a step-down transformer, a bridge
rectifier, filtering capacitors, and a 7805 voltage regulator to provide a stable +5V output. The regulated
supply powers the Raspberry Pi as well as peripheral components such as sensors and display modules.
This ensures reliable and continuous operation of the system.
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4. RESULTS

Fig. 3: overall Kit
This image 3 shows the complete hardware prototype of the smart classroom system built on a wooden
base. It includes a Raspberry Pi board connected with multiple components such as IR sensors, an LCD

display, motor drivers, LEDs, and small DC fans. The wiring layout demonstrates how different
modules are interfaced for automation tasks. This setup is responsible for controlling classroom devices
like lights and fans based on sensor inputs. It represents the physical implementation of the proposed
loT-based smart classroom system.

Fig 4: Hardware Implementation of Smart class room.
This image 4 displays the LCD module showing the message “SMART CLASS ROOM.” The screen
acts as a user interface for the system, providing real-time information to users. It indicates that the
system has been successfully initialized and is ready for operation. The bright backlight ensures
visibility in different lighting conditions. This display enhances user interaction and system feedback
within the classroom environment.

Fig 5: Title of the Project Displaying on LCD
This image 5 shows the LCD displaying the operational status of classroom devices such as lights (L1,
L2) and fans (F1, F2). All devices are currently in the OFF state as indicated on the screen. The display
updates dynamically based on sensor input and user presence in the classroom. It helps monitor energy
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usage and system activity in real time. This feature contributes to efficient resource management and
automation.

Fig. 6: Count of the students in monitor
This image 6 presents the terminal output of the Raspberry Pi showing real-time data from IR sensors.
It logs entries such as “IN IR SENSOR VALUE” and “OUT IR SENSOR VALUE” along with count
values. The system uses these readings to track the number of people entering and exiting the classroom.
This data is crucial for automating devices like lights and fans based on occupancy. It also helps in
maintaining accurate room usage statistics.

Fig. 7: Smart attendance by using USB camera
This image 7 shows the execution of the facial recognition module on the Raspberry Pi. The terminal
displays steps like loading images, processing datasets, and encoding faces. A camera feed window is
also visible, capturing a person’s face for recognition. The system identifies registered students and
marks attendance automatically. This eliminates manual attendance and improves accuracy and
efficiency.
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Fig. 8: Saved face images on raspberry pi memory

This image 8 shows the directory structure used to store facial images for recognition. Multiple image
files are organized within folders representing different individuals or datasets. These images are used
to train and update the facial recognition model. The structured storage ensures easy access and efficient
processing. This component is essential for maintaining and expanding the system’s recognition
capability.

5. CONCLUSION

This project has been implemented the design of a Next-Generation Smart Classroom system that
integrates Artificial Intelligence and Internet of Things technologies to revolutionize the management
of educational environments. By combining face recognition-based automated attendance, IR sensor-
driven occupancy monitoring, intelligent appliance control, IoT cloud connectivity, and real-time local
display, the proposed system addresses the core challenges of energy inefficiency, administrative
overhead, and security vulnerabilities that plague conventional classrooms. The Raspberry Pi and
Python-based platform provides a cost-effective, scalable, and replicable solution that can be deployed
across diverse educational institutions with minimal infrastructure investment, while the modular
architecture ensures that individual components can be upgraded or replaced as technology evolves.
The experimental framework demonstrates that such an integrated AI-IoT system not only enhances
operational efficiency by automating routine tasks but also generates valuable data insights that support
data-driven institutional decision-making. Future work should explore the integration of natural
language processing for voice-controlled classroom commands, reinforcement learning for adaptive
energy optimization, and edge Al acceleration hardware to further improve facial recognition speed and
accuracy in large-scale deployments.
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