({ IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal FiEp 00}
ISSN: 2581-9429 Volume 6, Issue 6, March 2026 Impact Factor: 8.2

Smart Adaptive Lab Assistant

Ms. Wale Nikita', Ms. Aswale Tejshwini’, Ms. Jagtap Gouri’, Ms. Dorale K. R*
!23Diploma Students, Department of Electronic & Telecommunication Engineering
*Lecturer, Department Of Electronic & Telecommunication Engineering
Shri Siddheshwar Women’s Polytechnic, Solapur, Maharashtra, India.

Abstract: The Smart Adaptive Lab Assistant for Rectifier Circuits is an interactive educational system
designed to simplify the understanding of rectifier circuits through audio-visual explanation. The system
is built using the Arduino Uno as the main controller, integrated with a DFP layer Mini, I2C LCD
display, rotary encoder, speaker, and amplifier module.

The primary objective of this project is to assist students in learning the working principles of different
rectifier circuits such as Half Wave Rectifier, Full Wave Rectifier, and Bridge Rectifier in a more
interactive and engaging way. Traditional laboratory teaching methods rely mainly on manual
explanation and circuit observation. This system enhances learning by providing automatic audio
explanations and on-screen guidance when a user selects a specific rectifier circuit using a rotary
encoder.

When powered on, the system displays a menu on the LCD screen allowing the user to choose the type of
rectifier. Upon selection, the corresponding audio explanation is played through the speaker, describing
the circuit components, working principle, waveform behavior, and advantages. The LCD simultaneously
displays key theoretical points for better understanding.

This project aims to improve conceptual clarity, reduce dependency on manual instruction, and make
laboratory sessions more efficient and student-friendly. It can be implemented in diploma and
engineering laboratories as a cost-effective smart teaching aid.

The Smart Adaptive Lab Assistant demonstrates the practical application of embedded systems in
education and combines hardware and software integration to create an intelligent learning platform..
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L. INTRODUCTION
Smart Adaptive Lab Assistant
In modern electronics education, understanding the working principles of rectifier circuits is fundamental for students
studying power electronics and basic electronic engineering. Rectifiers such as Half Wave Rectifier, Full Wave
Rectifier, and Bridge Rectifier are widely used in power supply systems to convert alternating current (AC) into direct
current (DC). However, traditional laboratory teaching methods mainly rely on theoretical explanation, blackboard
diagrams, and manual circuit observation, which may not fully engage students or ensure complete conceptual clarity.
To address this issue, the Smart Adaptive Lab Assistant for Rectifier Circuits has been developed as an interactive
educational tool. The system is built around the Arduino Uno, which acts as the central control unit. It integrates a DFP
layer Mini for audio playback, an 12C LCD display for visual guidance, a rotary encoder for user input, and a speaker
with amplifier for clear sound output.
The main objective of this project is to create an intelligent lab assistant that provides both audio and visual
explanations of rectifier circuits. When a user selects a specific rectifier type using the rotary encoder, the system
automatically plays a pre-recorded explanation describing its components, working operation during positive and
negative half cycles, output waveform characteristics, ripple factor, and applications. Simultaneously, important
theoretical points are displayed on the LCD screen.
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This system enhances student learning by combining embedded systems technology with educational content delivery.
It reduces dependency on manual explanation by instructors and enables self-learning in laboratory environments. The
project demonstrates the practical application of microcontroller- based systems in educational technology and provides
a cost-effective solution for smart laboratory assistance.

The Smart Adaptive Lab Assistant is especially suitable for diploma and undergraduate electronics laboratories, where
interactive learning methods can significantly improve understanding of power conversion concepts.

II. CIRCUIT DIAGRAM
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Hardware Implementation

1. Arduino Uno is used as the main controller to manage all system operations.

2. A Rotary Encoder is used as an input device for menu navigation and rectifier circuit selection.

3. An I12C LCD Display is used to show menu options and theoretical information about the selected rectifier circuit.
4. The DFP layer Mini module is used to play pre-recorded audio explanations stored on a micro-SD card.

5. An Audio Amplifier Module is used to amplify the sound signal from the DFPlayer Mini.

6. A Speaker is connected to provide clear audio output for the explanation.

7. A Power Supply provides the required voltage to all hardware components.

Software Implementation

1. The system program is developed using the Arduino IDE.

2. The program initializes the LCD display, rotary encoder, and DFP layer Mini module.

3. A menu interface is created to display different rectifier circuits on the LCD screen.

4. The rotary encoder input is read to navigate through menu options.

5. When a rectifier circuit is selected, the Arduino sends a command to the DFP layer Mini to play the corresponding
audio file.

6. The LCD simultaneously displays key theoretical points related to the selected rectifier circuit.

7. After the explanation is completed, the system returns to the main menu for the next selection.
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Working Procedure
* The system is powered ON.
» The LCD displays a welcome message followed by menu options.

* The user rotates the encoder to select the desired rectifier circuit.

* The user presses the encoder button to confirm the selection.

* The Arduino triggers the DFP layer Mini module to play the corresponding audio explanation.
» The LCD simultaneously displays key theoretical information.

* After completion, the system returns to the main menu.

I1I. MODEL
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IV. CONCLUSION
The Smart Adaptive Lab Assistant for Rectifier Circuits was successfully designed and implemented as an interactive
educational tool to enhance laboratory learning. The system integrates the Arduino Uno, I2C LCD display, rotary
encoder, speaker with amplifier, and the DFP layer Mini to provide synchronized audio and visual explanations of

rectifier circuits.
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The project achieved its primary objective of simplifying the understanding of Half Wave, Full Wave, and Bridge
Rectifiers through an automated, menu-driven system. By allowing users to select a circuit type and receive step-by-
step audio explanations along with LCD-based theoretical highlights, the system promotes self-learning and improves
conceptual clarity.
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VI. APPLICATIONS
1. Electronics Laboratory Education
The system can be used in diploma and engineering laboratories to explain rectifier circuits in an interactive and easy-
to-understand manner.
2. Smart Teaching Aid
It acts as a digital teaching assistant that provides automatic audio and visual explanations for students during practical
sessions.
3. Self-Learning Tool
Students can independently learn the working principle of rectifier circuits without constant instructor guidance.
4. Embedded System Learning Platform
The project demonstrates the practical use of microcontroller-based systems such as Arduino Uno for educational
applications.
5. Interactive Digital Training System
It can be used in technical training institutes to provide interactive learning modules for basic electronics concepts.
6. Laboratory Automation
The system reduces manual explanation effort and improves efficiency in laboratory teaching environments.
7. Audio-Visual Educational Systems
The integration of display and audio modules like DFP layer Mini enables development of advanced educational
demonstration systems.
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