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ABSTRACT: In modern electrical systems, unnecessary energy consumption due to standby power and inefficient
usage of appliances has become a significant concern. To address this issue, a Smart Plug with Energy Monitoring
and Control using PIC16F877A is proposed.The system is designed to function as a universal plug adapter that can
be connected to any electrical appliance without modifying its wiring. It measures the electrical parameters such as
voltage and current using a Potential Transformer (PT) and a Current Transformer (CT) respectively. These
signals are processed through rectifier and filtering circuits to obtain suitable DC levels, which are then fed into the
analog-to-digital converter (ADC) of the microcontroller.The PIC16F877A processes the input data and calculates the
power consumption of the connected load. Based on predefined conditions, the system detects energy wastage, such as
when an appliance operates in standby mode for an extended period. Upon detection, the controller automatically
switches OFF the appliance using a relay, thereby reducing unnecessary power consumption.Additionally, the system
integrates IoT functionality using the ESP8266 WiFi Module, enabling remote monitoring and control through the
Blynk application. Real-time parameters such as voltage, current, and power are displayed locally using an LCD and
remotely on a mobile device.This project provides a cost-effective, efficient, and user-friendly solution for energy
conservation, making it suitable for residential and industrial applications.
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L. INTRODUCTION

In recent years, the rapid increase in the use of electrical and electronic appliances has led to significant energy
consumption. A major portion of this energy is wasted due to appliances being left ON unnecessarily or operating in
standby mode. This not only increases electricity bills but also contributes to energy inefficiency and environmental
concerns. Therefore, there is a growing need for intelligent systems that can monitor and control energy usage
effectively.

This project presents a Smart Plug with Energy Monitoring and Control using the PIC16F877A. The system is designed
as a universal plug adapter that allows any electrical appliance to be connected without modifying its internal wiring. It
continuously monitors electrical parameters such as voltage and current using suitable sensing circuits and calculates
the power consumption of the connected load.

Based on the measured data, the system identifies conditions of energy wastage, such as prolonged low power
consumption indicating standby mode. When such conditions are detected, the system automatically disconnects the
appliance using a relay, thereby conserving energy. In addition to local monitoring through an LCD display, the system
incorporates IoT functionality using the ESP8266 WiFi Module, enabling remote monitoring and control via the Blynk
application.

II. RESEARCH METHODOLOGY
This introduction sets the stage for a detailed exploration of the 44 concept, focusing on the principles of energy saving,

system design, and potential 45 real-world applicationsThis technology offers a dual benefit: reducing energy waste
and 46 contributing to renewable energy solutions.
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2.1 Literature Review

Applications such as smart meters, home automation systems, and loT-based energy monitoring systems demonstrate
the importance of integrating sensing, processing, and communication. These systems aim to reduce energy wastage,
improve efficiency, and provide user-friendly monitoring interfaces.

2.2 Review of Existing Technologies

Existing technologies for energy monitoring and control include conventional energy meters, smart meters, and IoT-
based systems. Conventional energy meters are limited to measuring total energy consumption and do not provide real -
time monitoring or control features. Smart meters offer digital readings and sometimes support remote data
transmission, but they often lack appliance-level control. IoT-based systems, using modules like the ESP8266 WiFi
Module, enable real-time monitoring and remote access through applications such as Blynk. Sensor-based systems
using Current Transformers (CT) and Potential Transformers (PT) provide accurate real-time measurements but require
integration with controllers for processing. Although these technologies provide useful functionalities, most existing
solutions either focus only on monitoring or only on control, and lack a fully integrated, user-friendly system.

2.3 Key Problems Identified

From the analysis of existing technologies, several key problems have been identified. Most systems do not provide
automatic detection of energy wastage, particularly during standby conditions. There is limited control over appliances
in conventional and basic smart systems. Many existing solutions require complex installation procedures, including
modification of appliance wiring, which reduces usability. Additionally, commercial smart plugs are often expensive
and not accessible for all users. Traditional systems also lack real-time monitoring and user-friendly interfaces, making
it difficult for users to track and manage energy consumption effectively.

2.4 Design and Component Selection

The proposed system is designed as a compact smart plug adapter that integrates sensing, processing, control, and
communication functionalities. The PIC16F877A is selected as the main controller due to its built-in ADC, low cost,
and ease of interfacing. Current measurement is performed using a Current Transformer (CT), which provides safe and
non-invasive sensing through electromagnetic induction. Voltage measurement is achieved using a Potential
Transformer (PT), which steps down the high AC voltage to a safe level. The measured signals are processed through
rectifier and filter circuits to convert them into stable DC voltages suitable for ADC input. A relay module is used to
control the appliance by switching it ON or OFF based on the controller’s decision. For communication, the ESP8266
WiFi Module is used to enable IoT functionality, allowing remote monitoring and control via the Blynk. An LCD
display is used for local monitoring of parameters such as voltage, current, and power.

2.5 Theoretical framework

The proposed system is based on fundamental electrical and embedded system principles. The relationship between
voltage, current, and resistance is defined by Ohm’s law, while electrical power is calculated using the formula P =V x
I. The Current Transformer (CT) operates on the principle of electromagnetic induction, producing a current
proportional to the primary current flowing through the conductor. The Potential Transformer (PT) steps down the high
voltage to a lower, measurable value while maintaining proportionality.

2.6 PIC16F877A

The PIC16F877A is an 8-bit microcontroller used as the main controller of the system. It processes input signals from
sensors, performs calculations such as power computation, and controls output devices like relays and displays. It has
built-in features such as Analog-to-Digital Converter (ADC), timers, and communication interfaces, making it suitable
for embedded applications.

2.7 Current Transformer

A Current Transformer is a device used to measure alternating current (AC) without direct electrical connection. It
works on the principle of electromagnetic induction, where the current flowing through a conductor generates a
magnetic field that induces a proportional current in the transformer. It provides isolation and safe measurement of high
currents.

2.8 Potential Transformer

A Potential Transformer is used to step down high AC voltage to a lower, measurable level. It ensures safe voltage
measurement by maintaining a proportional relationship between the input and output voltage while providing
electrical isolation from the high-voltage line.
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2.9 Relay

A relay is an electrically operated switch used to control high-voltage appliances using a low-voltage signal from the
microcontroller. It allows the system to turn appliances ON or OFF safely without direct electrical connection.

2.10 ESP8266 Wifi Module
The ESP8266 is a low-cost WiFi module used to provide internet connectivity to the system. It enables communication
between the microcontroller and cloud platforms, allowing remote monitoring and control of the system.

III. OUTPUT TOOLS AND POWER ELECTRONIC COMPONENTS

To evaluate the efficiency, performance, and economic feasibility of the system, various output tools and econometric
models are applied.

3.1 Mobile Application
Blynk is an IoT platform that allows users to monitor and control hardware devices remotely using a smartphone. It
provides a user-friendly interface to display sensor data and control outputs such as relays..

3.2LCD
A Liquid Crystal Display (LCD) is used to show real-time information such as voltage, current, power, and system
status. It provides a simple and effective way for users to monitor system performance locally.

3.3 AC-DC Power Supply Module

An AC-DC power supply converts high-voltage AC (230V) into low-voltage DC (5V or 3.3V) required for the
operation of electronic components like the microcontroller and sensors. It ensures safe and stable power for the control
circuit.

3.4 Resistors
Resistors are passive components used to limit current, divide voltage, and set operating conditions in circuits. They are
used in signal conditioning and protection of components.

3.5 Capacitors
Capacitors are used to store electrical energy temporarily. In this project, they are mainly used for filtering and
smoothing the rectified signals to produce a stable DC output.

3.6 Diodes
Diodes are semiconductor devices that allow current to flow in only one direction. They are used in rectifier circuits to
convert AC signals into DC.

IV. RESULTS AND DISCUSSION

The proposed smart plug system was successfully implemented using the PIC16F877A. The system was able to
measure voltage and current accurately using the Potential Transformer (PT) and Current Transformer (CT), and the
obtained analog signals were successfully converted into digital values using the built-in ADC of the microcontroller.
Based on these values, the power consumption of the connected appliance was calculated effectively.

The relay control mechanism functioned as expected, allowing the system to automatically switch OFF the appliance
when energy wastage was detected, such as during standby conditions. The LCD display provided real-time monitoring
of voltage, current, and power, which helped in verifying system performance locally.

Furthermore, integration with the ESP8266 WiFi Module enabled remote monitoring and control through the Blynk

platform. Users were able to view live data and control the appliance from a mobile device, demonstrating the
effectiveness of [oT integration.
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4.1 BLOCK DIAGRAM
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Figure 1 the block diagram represents how the input power is measured using sensors, processed by the PIC16F877A,
and used to control the appliance through a relay, along with monitoring via display and IoT modules.

V. ACKNOWLEDGEMENT

We would like to express our sincere gratitude to our project guide and mentors for their invaluable support, insightful
guidance, and encouragement throughout this research. Their expertise and constructive feedback have been
instrumental in shaping the direction and execution of our work. We also extend our appreciation to our institution for
providing the necessary resources, research facilities, and a conducive academic environment that enabled us to carry
out this study effectively. The technical infrastructure and support we received significantly contributed to the
successful completion of our project. Additionally, we are grateful to our peers and colleagues for their collaborative
discussions, valuable suggestions, and continuous encouragement, which helped refine our research and enhance its
quality. Lastly, we extend our heartfelt thanks to our families and friends for their unwavering support, patience, and
motivation, which played a crucial role in keeping us focused and determined throughout this endeavor.

REFERENCES

[1] C.Nagarajan and M.Madheswaran - ‘Stability Analysis of Series Parallel Resonant Converter with Fuzzy Logic
Controller Using State Space Techniques’- Taylor &Francis, Electric Power Components and Systems, Vol.39 (8),
pp-780-793, May 2011. DOI: 10.1080/15325008.2010.541746

[2] C.Nagarajan and M.Madheswaran - ‘Experimental verification and stability state space analysis of CLL-T Series
Parallel Resonant Converter’ - Journal of Electrical Engineering, Vol.63 (6), pp.365-372, Dec.2012. DOI:
10.2478/v10187-012-0054-2

IJEETR©2026 |  AnISO 9001:2008 Certified Journal | 1754



http://www.ijeetr.org/

International Journal of Engineering & Extended Technologies Research (IJEETR)

;:I . [ISSN: 2322-0163| www.ijeetr.com | A Bimonthly, Peer Reviewed, Scholarly Indexed Journal |
¥ \'f ¥

%, " % & | Volume 8, Issue 2, March - April 2026 |

IJEETR DOI:10.15662/IJEETR.2026.0802139

[3] C.Nagarajan and M.Madheswaran - ‘Performance Analysis of LCL-T Resonant Converter with Fuzzy/PID Using
State Space Analysis’- Springer, Electrical Engineering, Vol.93 (3), pp.167-178, September 2011. DOI
10.1007/s00202-011-0203-9

[4] S.Tamilselvi, R.Prakash, C.Nagarajan,“Solar System Integrated Smart Grid Utilizing Hybrid Coot-Genetic
Algorithm Optimized ANN Controller” Iranian Journal Of Science And Technology-Transactions Of Electrical
Engineering, DOI110.1007/s40998-025-00917-2,2025

[5] S.Tamilselvi, R.Prakash, C.Nagarajan,” Adaptive sliding mode control of multilevel grid-connected inverters using
reinforcement learning for enhanced LVRT performance” Electric Power Systems Research 253 (2026) 112428,
doi.org/10.1016/j.epsr.2025.112428

[6] S.Thirunavukkarasu, C. Nagarajan, 2024, “Performance Investigation on OCF and SCF study in BLDC machine
using FTANN Controller," Journal of Electrical Engineering And Technology, Volume 20, pages 2675-2688, (2025),
doi.org/10.1007/s42835-024-02126-w

[7] C. Nagarajan, M.Madheswaran and D.Ramasubramanian- ‘Development of DSP based Robust Control Method for
General Resonant Converter Topologies using Transfer Function Model’- Acta Electrotechnica et Informatica Journal ,
Vol.13 (2), pp.18-31,April-June.2013, DOI: 10.2478/aeei-2013-0025.

[8] C.Nagarajan and M.Madheswaran - ‘DSP Based Fuzzy Controller for Series Parallel Resonant converter’- Springer,
Frontiers of Electrical and Electronic Engineering, Vol. 7(4), pp. 438-446, Dec.12. DOI 10.1007/s11460-012-0212-0.
[9] C.Nagarajan and M.Madheswaran - ‘Experimental Study and steady state stability analysis of CLL-T Series Parallel
Resonant Converter with Fuzzy controller using State Space Analysis’- Iranian Journal of Electrical & Electronic
Engineering, Vol.8 (3), pp.259-267, September 2012.

[10] C.Nagarajan and M.Madheswaran, “Analysis and Simulation of LCL Series Resonant Full Bridge Converter
Using PWM Technique with Load Independent Operation” has been presented in ICTES’08, a IEEE / IET International
Conference organized by M.G.R.University, Chennai.Vol.no.1, pp.190-195, Dec.2007

[11] Suganthi Mullainathan, Ramesh Natarajan, “An SPSS and CNN modelling based quality assessment using
ceramic materials and membrane filtration techniques”, Revista Materia (Rio J.) Vol. 30, 2025, DOI:
https://doi.org/10.1590/1517-7076-RMAT-2024-0721

[12] M Suganthi, N Ramesh, “Treatment of water using natural zeolite as membrane filter”, Journal of
Environmental Protection and Ecology, Volume 23, Issue 2, pp: 520-530,2022

[13] Mathew, A. (2025). Human—Al Collaboration in Security Operations: Measuring Alert Trust, Automation
Bias, and Analyst Upskilling in AI-Augmented SOC Environments. International Journal of Computer Technology and
Electronics Communication, 8(5), 11375-11380.

[14] Vimal Raja, G. (2021). Mining Customer Sentiments from Financial Feedback and Reviews using Data
Mining Algorithms. International Journal of Innovative Research in Computer and Communication Engineering, 9(12),
14705-14710.

[15] Rajasekar, M. (2024). Real-Time Predictive DevOps Intelligence for Risk-Aware Digital Business Processes
in Cloud and SAP Ecosystems. International Journal of Advanced Research in Computer Science & Technology
(IJARCST), 7(4), 10713-10718.

[16] Sruthi, R. S., Ananya, S., & Murugeshwari, B. (2010). Web Based Virtual Control System Laboratory and On-
Line Temperature Control of Electrophoresis Equipment using LabVIEW. International Journal of Computer
Applications, 975, 8887.

[17] Anand, L. (2025). A Novel EEG-Based Deep Learning Framework for Enhancing Communication in Locked-
In Syndrome Using P300 Speller and Attention Mechanisms. KSII TRANSACTIONS ON INTERNET AND
INFORMATION SYSTEMS, 19(11), 3841-3855.

[18] Vimal, V. R. (2025). Next Generation Enterprise Architecture for SAP Cloud Systems Leveraging Al Driven
Analytics and Hybrid Infrastructure. International Journal of Engineering & Extended Technologies Research
(IJEETR), 7(6), 11174-11182.

[19] Sugumar, R. (2025). Designing Resilient and Scalable Cloud-Native Frameworks for Generative Al Content
Production. International Journal of Research Publications in Engineering, Technology and Management (IJRPETM),
8(6), 13268-13279.

[20] Rajasekar, M., Mukil, A., & Lakshamanan, R. (2024, August). Segmentation and evaluation of multiple
sclerosis in flair modality MRI with ResUNet. In AIP Conference Proceedings (Vol. 3161, No. 1, p. 020314). AIP
Publishing LLC

IJEETR©2026 |  AnISO 9001:2008 Certified Journal | 1755



http://www.ijeetr.org/
http://www.ingentaconnect.com/search;jsessionid=1kg6ea6iv8e98.x-ic-live-01?option2=author&value2=Periasamy,%20P.%20S.

	Publication History: Received: 25.02.2026; Revised: 20.03.2026; Accepted: 25.03. 2026; Published: 28.03.2026.
	I. INTRODUCTION
	2.2 Review of Existing Technologies
	2.6 PIC16F877A
	The PIC16F877A is an 8-bit microcontroller used as the main controller of the system. It processes input signals from sensors, performs calculations such as power computation, and controls output devices like relays and displays. It has built-in featu...
	2.7 Current Transformer
	A Current Transformer is a device used to measure alternating current (AC) without direct electrical connection. It works on the principle of electromagnetic induction, where the current flowing through a conductor generates a magnetic field that indu...
	2.8 Potential Transformer
	A Potential Transformer is used to step down high AC voltage to a lower, measurable level. It ensures safe voltage measurement by maintaining a proportional relationship between the input and output voltage while providing electrical isolation from th...

	Blynk is an IoT platform that allows users to monitor and control hardware devices remotely using a smartphone. It provides a user-friendly interface to display sensor data and control outputs such as relays..
	3.2 LCD
	A Liquid Crystal Display (LCD) is used to show real-time information such as voltage, current, power, and system status. It provides a simple and effective way for users to monitor system performance locally.
	3.3 AC-DC Power Supply Module
	An AC-DC power supply converts high-voltage AC (230V) into low-voltage DC (5V or 3.3V) required for the operation of electronic components like the microcontroller and sensors. It ensures safe and stable power for the control circuit.
	3.4 Resistors
	Resistors are passive components used to limit current, divide voltage, and set operating conditions in circuits. They are used in signal conditioning and protection of components.
	3.6 Diodes   Diodes are semiconductor devices that allow current to flow in only one direction. They are used in rectifier circuits to convert AC signals into DC.

	REFERENCES

