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issues, this project employs an ESP8266 Wi-Fi Shield Arduino as a microcontroller
connected to sensors and a servo motor. In the proposed system, users can detect gas
leakage, control lamp and socket activation, and manage the Residual Current Circuit
Breaker (RCCB) with the servo motor by utilizing Blynk apps for monitoring. The main
objective of this study is to design a centralized system that enables users to control
and manage home electrical appliances via smartphone. The methodology involves
developing a microcontroller program for the Cytron ESP8266 WiFi Shield, creating an
auto-reclosure circuit breaker notification, and building a practical gas leakage
detection prototype for household applications. Additionally, the system addresses
lightning-induced overvoltage issues, analyzes nuisance tripping, and provides control
over home appliance usage while effectively detecting hazardous gas leaks. The
approach is based on Blynk and the ESP8266 Wi-Fi Shield Arduino by incorporating
data from limit switch conditions, relay status, voltage sensors, current sensors, and

Keywords: power consumption. The results justify the servo's efficient performance, reliable relay
Gas leakage detection; Esp8266 Wi-Fi operations, and precise gas sensor triggering. Despite slight variations in current and
Shield Arduino; power usage tracking; voltage values compared to the actual meter, the system offers a successful and
Blynk apps systematic approach to enhancing home electricity management and safety.

1. Introduction

Building automation systems for homes are becoming increasingly popular due to their numerous
advantages, such as enhanced security, energy efficiency, remote monitoring and control, and
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improved convenience for users [1]. Nowadays, most home automation systems aim to reduce
human labor in the production of services and goods [2]. Automation efficiently utilizes electricity
and water, minimizing waste and promoting economic use [3]. It involves the deployment of various
sensors and actuators to manage lighting, temperature, and humidity, while also monitoring energy
consumption in buildings, workplaces, schools, and museums [4,5].

Many researchers have introduced automation systems to enhance the home environment. Gill
et al., [6] introduced a ZigBee-based home automation system with a Wi-Fi network, allowing users
to address the system's security and safety needs. Suma et al., [7] addressed the issue of gas leakage
in households by introducing a gas leakage detection and monitoring system using an MQ-5 sensor.
Meanwhile, Meshram et al., [8] incorporated Wi-Fi networking into a gas leakage system that alerts
the user by sending an SMS message. Recently, Mendoza et al., [9] introduced the ImHome system,
allowing users to monitor dust, house lightning activation, and gas sensors, respectively. Most
recently, Stolojescu Cristina et al., [10] proposed a system called qToggle to control a series of home
appliances and sensors.

With current technological advancements, various home problems can be highlighted for
improvement. Previously, the ordinary distribution board lacked the capability to promptly notify
consumers of potential disruptions or malfunctions. Consequently, users were compelled to
independently diagnose and troubleshoot issues in the event of a power outage. Standard
distribution boards lacked the sophisticated technology required to effectively mitigate the
occurrence of vexatious tripping incidents. In instances where lightning strikes near the distribution
board, it generates an electromagnetic wave with a propensity to induce excessive voltage, thereby
posing a significant threat to the integrity of electronic devices within the household, such as
televisions and refrigerators [11,12]. Furthermore, when the premises are unoccupied and an
unwarranted tripping event ensues, users face an exacerbated predicament as they are unable to
promptly activate the Residual Current Circuit Breaker (RCCB) due to their physical absence from the
residence.

In a shared enclosure, an electrical power input is divided into subsidiary circuits, with each circuit
equipped with a protection fuse or circuit breaker. More modern boards typically include residual-
current devices (RCDs) [13,14] or residual current breakers with overcurrent protection (RCBOs) [14],
along with a main switch. These distribution boards are commonly used in various settings such as
homes, factories, and stores where electricity is required. Occasionally, during periods of high
electrical demand, tripping may occur, leading to reduced productivity in a factory or disruptions in
online work for individuals working from home [15]. However, with the availability of new
technologies in today's era, one can address such situations.

By using Internet of Things (loT)-connected smartphones, one can easily control and monitor the
system, offering a solution to overcome these challenges. Due to the inherent capabilities of its Wi-
Fi source, the Wi-Fi Shield ESP8266 is one example that provides wireless connectivity to Arduino and
other microcontroller platforms. It is based on the ESP8266 microcontroller chip, which has built-in
Wi-Fi capabilities. The shield allows devices to connect to Wi-Fi networks, communicate over the
internet, and interact with web services [16-18]. It simplifies the process of adding Wi-Fi functionality
to projects, making it easier to create loT applications and remote-control systems. Recently,
Shahajan et al., [19] proposed an automatic electrical energy meter billing system using loT, allowing
consumers to keep track of energy consumption and reduce the waste of electrical energy efficiently.
Meanwhile, Blynk, a mobile app, allows users to create a custom interface and remotely control the
system [20]. Blynk provides a range of widgets and features that enable real-time data visualization,
equipment control, and power consumption monitoring. Recently, Durani et al., [21] used Wi-Fi
Shield ESP8266 together with Blynk apps to monitor circuit devices. Most recently, Karuppusamy et

86



Journal of Advanced Research in Applied Mechanics
Volume 120, Issue 1 (2024) 85-98

al., [22] proposed a sensor-based monitoring station to monitor the efficiency of energy utilization
by the control devices.

Currently, there is no proposed invention of a home automation system considering tripping
events, monitoring gas leakage, and a system that is able to measure power consumption using
voltage and current sensors while displaying the data on an LCD and Blynk simultaneously in the
literature. Hence, this study aims to establish an operation within domestic settings while providing
the convenience of remote monitoring from anywhere, whether inside or outside the house. Users
can easily control and monitor numerous components using a smartphone. The Blynk platform
seamlessly connects to a variety of crucial components, such as limit switches, servos, relays, gas
sensors, voltage sensors, and current sensors. Additionally, the Arduino guarantees a steady power
supply to the ESP8266 WiFi Shield, allowing for continuous operation. In the next section, the design
and implementation of the system are highlighted.

2. Design and Implementation
2.1 Block diagram

The system is developed through a combination of software and hardware components. For the
software component, a diverse array of equipment and materials is employed to facilitate the
successful execution of the desired objectives. The central component of the system is the Arduino
Uno, a versatile microcontroller board that serves as the brain of the system. It is complemented by
the microcontroller Wi-Fi Shield ESP8266, which adds Wi-Fi connectivity, enabling wireless
communication and integration with online resources. A servo motor is utilized to achieve precise
control over the rotational position of mechanical parts, while limit switches provide essential input
signals based on specific positions or limits in the system. The inclusion of an LCD display enhances
the user interface by providing visual feedback and information display.

Additionally, voltage and current sensors enable accurate monitoring and control of electrical
parameters. To ensure safety, the system incorporates MCBs (Miniature Circuit Breakers) and RCCBs
(Residual Current Circuit Breakers) to protect against overloads, short circuits, and ground faults. A
distribution box serves as a centralized hub for organizing electrical components and power
distribution. Lastly, a switching power supply efficiently converts electrical power between voltage
levels to meet the specific requirements of the project components.

As for the software component, the Proteus software is chosen to construct the system. Proteus
provides a user-friendly and interactive platform for designing and simulating circuits. It enables
users to drag and drop components, connect them together, and visualize the circuit's functionality
before physical implementation. Regarding the coding aspect, the Arduino Software (IDE) is utilized.
The Arduino IDE is a popular development environment that simplifies the programming process for
Arduino boards. It offers a comprehensive set of libraries and functions that facilitate the writing,
compilation, and uploading of code to the Arduino Uno or other compatible boards. To enhance the
system's capabilities, the Blynk application is integrated with the Arduino IDE.

Blynk allows users to create a custom interface and control their projects remotely. By integrating
Blynk with the Arduino code, users can monitor and control their projects using their smartphones
or tablets. To establish a connection between the Arduino and the Blynk app, a Wi-Fi Shield ESP8266
will be employed. The Wi-Fi Shield ESP8266 is an expansion board that adds Wi-Fi connectivity
capabilities to the Arduino, enabling it to connect to the internet and communicate with the Blynk
app. The Arduino code is uploaded to the ESP8266 via a USB cable, allowing for seamless
communication between the Arduino, Wi-Fi Shield, and the Blynk app. Once the system is set up and
running, the Blynk application serves as a user-friendly interface, displaying all the connected
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equipment and providing real-time monitoring of power consumption. This combination of Proteus,
Arduino IDE, Blynk, and the Wi-Fi Shield ESP8266 creates a comprehensive solution for designing,
coding, and remotely controlling and monitoring the system. A simple block diagram represents the
home automation system, as shown in Figure 1.
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Fig. 1. Block Diagram of the Systerﬁ
2.2 System Development

Through the utilization of diverse equipment and materials, the system can create a
comprehensive solution that combines wireless communication, precise motor control, position
sensing, data visualization, electrical parameter monitoring, safety mechanisms, and efficient power
distribution. The objective of this system is to enhance the technology of a distribution box by
incorporating loT, ensuring continuous connectivity between the distribution box and the user.

Figure 2 displays the flow chart of the system. Essentially, the project commences with the Wi-Fi
Shield ESP8266, serving as the central processing unit of the entire project. Upon applying the code
to the Wi-Fi Shield ESP8266, it detects the codes and initiates the process. If the RCCB switch is
tripped, the limit switch will push it back to the ON position. However, if the tripping event occurs
three times and the RCCB remains tripped, the system will cease pushing the RCCB to the ON position
and send a notification to the consumer, indicating that the RCCB is malfunctioning.
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Fig. 2. Flow chart of the system
Additionally, the user can control lamps and sockets using the microcontroller Wi-Fi Shield
ESP8266 to turn them on or off. The user can monitor power usage from their phone, and the Wi-Fi
Shield ESP8266 can also detect gas leakage at home. In the event of a gas leakage at home, the Wi-
Fi Shield ESP8266 will send a notification through the phone to alert the user. The next section
presents the software design and hardware operation, followed by the testing results.

3. Working of the System

In this section, the system is described in two subsections. First, the software design of the system
is highlighted. In the next part, the hardware operations and testing results are presented.

3.1 Software design
The software design was created using an online platform called Proteus Simulation. The

hardware can be built, run, or tested directly online if there is an internet connection. The main
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components that must be available include the Microcontroller, Arduino Uno, voltage sensor, current
sensor, relay, gas leakage sensor, LCD, bulb, and servo motor. Figure 3 illustrates the simulation
diagram.
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Fig. 3. Proteus Simulation of the system.

The voltage sensor handles single-phase voltage at 240V, while the current sensor supports up to
50 amps, detecting and monitoring load current. Upon microcontroller activation, the relay controls
the lamp's on/off state, accessible via a mobile phone. The gas sensor measures gas leakage nearby,
and the LCD displays voltage, current, and gas status. The servo motor resets the RCCB switch to ON,
with a rating of 20kg/cm. Relevant data, including current, voltage, power, gas sensor readings, and
tripping events, can be monitored via the Blynk app on a mobile phone.

3.1.1 Arduino Instruction

The coding for this project utilizes the Arduino Integrated Development Environment (IDE)
software. Most modern operating systems provide support for this open-source programming
language, based on C and C++. A comprehensive understanding of the C++ programming language is
essential for effectively modifying programming instructions. The microcontroller employed in this
system is the ESP8266 Wi-Fi Shield. It was specifically chosen due to its enhanced capabilities
compared to the Arduino UNO. Notably, it possesses a comparable number of analogue and digital
input pins. The following Arduino code is utilized to simulate the Proteus software. This Arduino code
is responsible for providing instructions to various components, including the voltage sensor, current
sensor, gas sensor, relay, servo, and limit switch, enabling them to operate according to the
predetermined plan as outlined in Figure 4.
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Fig. 4. Arduino Codes of The System

The findings include a comprehensive analysis derived from simulation and manual data
collection methods. Table 1 displays disparities in voltage, current, and power between Proteus
simulation and clamp meter measurements. Table 2 provides gas sensor measurements obtained
exclusively through the Proteus simulation, highlighting accuracy and reliability. Table 3 reveals
insights into servo control motion and its response to the limit switch, demonstrating the efficacy
and performance of the system. These tables offer a comprehensive set of data for evaluating and

analyzing the simulation and measurement results obtained from Proteus, providing valuable insights
into the systems and components.

Table 1
Measurement Current, Voltage and Power
Clamp meter Simulation
Voltage 230V 230V
Current 0.11 A 0.08 A
Power 253 W 18.4W
Table 2
Gas Sensor Measurement
Event Simulation On Gas Sensor
Gas Leakage Happen LCD show gas detected
No Gas Leakage Happen LCD does not dis play
Table 3
Servo Motor and Limit Switch Condition
Event Limit Switch Servo Motor
No trip No Trigger 0 degree
Trip Trigger 90 degrees

The comprehensive analysis of the obtained results reveals intriguing insights across multiple
aspects. First, upon examining the findings from Table 1, a slight disparity between the Proteus
simulation and the clamp meter measurements is observed in terms of current and voltage. This
discrepancy can be attributed to the inherent differences between theoretical calculations and
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practical simulations within the Proteus software. It is crucial to acknowledge that simulations may
not perfectly mirror real-world conditions, leading to minor variations in the measured values.

Table 2 in the Proteus simulation showcases the gas leakage measurements through the
utilization of the software’s dedicated gas module. The simulated gas sensor triggers the LCD display
to indicate any occurrence of gas leakage within a household. However, it is important to note that
this simulation employs a toggle condition instead of an actual MQ5 gas sensor. While the Proteus
simulation provides a basic understanding of gas leakage events, using an MQ5 gas sensor in practical
hardware implementation would yield more accurate and reliable gas leakage values.

Meanwhile, Table 3 illustrates the behavior of the servo motor based on the signals received from
the limit switch. The obtained results indicate that when the limit switch is triggered, the servo motor
moves to a 90-degree angle. Conversely, if the limit switch remains inactive, the servo motor returns
to the O-degree angle before moving again by 90 degrees to activate the limit switch. Comparing the
Proteus simulation to the hardware implementation, it is evident that the movement of the servo
motor and the behavior of the limit switch align closely.

3.2 Hardware

The idea of this system is to enhance the technology of a distribution box by adding a touch of
loT so that the distribution box is always connected to the user. If the RCCB switch is tripped, the
limit switch will push it back ON. If the event happens three times but the RCCB still trips, it will stop
pushing the RCCB ON and send out a notification to the consumer, indicating that the RCCB is broken.
Figure 5 illustrates the hardware of the system.

Fig. 5. The hardware of the system

Additionally, the user can also control lamps and sockets using the microcontroller Wi-Fi Shield
ESP8266 to turn them on or off. The user can monitor power usage from their phone, and the Wi-Fi
Shield ESP8266 can also detect gas leakage at home. When a gas leakage occurs at home, the Wi-Fi
Shield ESP8266 will send a notification through the phone using the Blynk app to alert the user. Figure
6 displays the Blynk app interface.
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3.2.1 Relay

The relay was thoroughly tested using a mobile device to control the turning on and off of both
a lamp and a socket. Relay 1 is specifically designed to manage the lamp, allowing it to be turned on
and off as needed. On the other hand, Relay 2 is focused on handling the socket, taking charge of
both the starting and stopping of the electrical connection for the lamp. Table 4 provides a detailed
breakdown of how long it takes for each relay to perform its designated tasks.

Table 4

Time taken relay to operate

Relay Time taken for turn on Time taken for turn off
1 0.4s 0.3s

2 0.4s 0.3s

The information extracted from the table pertains to the duration required for both Relay 1 and
Relay 2 to execute their operations, specifically in the context of activating the lamp and the socket
outlet. A discernible distinction is noted in the operational time between Relay 1 and Relay 2,
elucidating the variance in the temporal sequences for the initiation and cessation of these relays,
as they contribute to the activation and deactivation processes of the lamp and socket outlet.

3.2.2 Auto reclosure
The tripping event was tested for multiple sets. One set consists of more than three instances of
tripping to ensure that the prototype is fully functional. In this case, the Distribution Board included

a load with 2 LED Bulbs and a Water Heater. Table 5 and Table 6 show the tripping events and how
many times the system counters the tripping event.
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In Set 1, the result stems from the servo condition aimed at applying a counteractive force against
the residual-current circuit breaker (RCCB) during the fourth instance of nuisance tripping, thereby
mitigating and addressing the repetitive interruption.

Table 5
Tripping event
Event of Nuisance Tripping Does the servo motor push back  Comment
the RCCB
First nuisance tripping Yes The RCCB is back ON and the
circuit is fully running.
Second nuisance tripping Yes The RCCB is back ON and the
circuit is fully running.
Third nuisance tripping Yes The RCCB is back ON and the
circuit is fully running.
Fourth nuisance tripping Yes The RCCB is still OFF and the user

will receive notification

For Set 2, the condition arises following the resetting of Set 1, and this signifies the result for Set
2 after the entire reset process has been finalized.

Table 6
Time taken for the servo motor to push back the RCCB back to ON state
Event of Nuisance Tripping Does the servo motor push back  Comment
the RCCB
First nuisance tripping Yes The RCCB is back ON and the
circuit is fully running.
Second nuisance tripping Yes The RCCB is back ON and the
circuit is fully running.
Third nuisance tripping Yes The RCCB is back ON and the
circuit is fully running.
Fourth nuisance tripping Yes The RCCB is still OFF and the user

will receive notification

In the event of a fault tripping, there is a fault if one attempts to push the RCCB back to the ON
state, but the RCCB will consistently return to the OFF state. Assuming that the trip occurs three
times within 10 seconds, it indicates a fault tripping rather than nuisance tripping. It is important to
note that the prototype's performance depends on the speed and strength of the internet
connection. If the internet connection is weak, it may affect the speed of countering the tripping
event.

3.2.3 Gas Sensor

Table 7 presents the experimental results of gas detection time taken for various distances and
the condition of the buzzer when gas was detected.
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Table 7

Experimental result of gas and buzzer conditions

Distance (cm) Gas detected Buzzer condition

Value (ppm) Time taken (s) On / off

0 700 1 On

30 348 1 On

60 274 1 On

90 318 2 On

120 273 3 On

150 330 4 On

180 335 5 On

The tabular representation elucidates information acquired from a gas detection sensor,
encompassing details such as distance, gas concentration measured in parts per million (ppm), the
duration of the data collection process, and the operational state of the buzzer. Upon examining the
table, it becomes apparent that the activation time of the buzzer is contingent upon the gas
concentration exceeding 300 ppm.

3.2.4 Energy consumption

To ensure the successful realization of this project, the Blynk application serves as a pivotal tool,
responsible for generating comprehensive calculation results, particularly in the domain of energy
consumption. Beyond its calculative functions, the Blynk application assumes a dual role as a
communication medium, facilitating user interaction for monitoring the energy consumption of all
household appliances integrated into the system. Moreover, this undertaking places significant
emphasis on the intricate calculations executed by the system, culminating in the development of a
simplified circuit diagram that accurately reflects the load and power supply dynamics in accordance
with real-time requirements. The comparison shown in Figure 8 explains the noticeable differences
between the current values displayed by the Blynk application and the real current observed at the
same times in the system.

Examining the provided visual representation from Figure 7, the assessment of lamp current
involves the utilization of both a clamp meter and a current sensor integrated into the Arduino
system, with a focus on the current consumption over a span of one hour. It is observable that the
stability of the current measurement obtained from the clamp meter surpasses that of the current
sensor interfaced with the ESP8266 Wi-Fi Shield Arduino Uno. Specifically, the readings acquired
from the clamp meter yield values of 0.08 and 0.075, exhibiting a marginal variance when compared
to the values derived from the Arduino current sensor.
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Fig. 8. Current flow socket outlet through the system shows by Blynk
application and actual current in respective time taken

From Figure 8, there is a slight difference between the actual current and the measured current.
Note that the measured current depends on the electrical connection from the socket outlet to
devices such as the heater, phone charger, and laptop charger. The results are based on the amount
of current used per hour. As for the heater, the current usage is 5.5 amperes. Meanwhile, for the
phone charger, the current usage is only 0.13 amperes, and the laptop charger uses around 0.27
amperes of current. It is important to note that these are the actual current readings recorded based
on the readings obtained from a clamp meter. Meanwhile, the measured current readings were
collected from a sensor in the ESP8266 Wi-Fi Shield Arduino Uno.

Figure 9 shows that the energy consumption for the phone charger, laptop charger, and lamp is
proportional to time based on a 1-hour consumption. The graph displays the specific amounts of
electricity and the current readings from the Arduino current sensor. The objective of this data
collection is to determine the total electrical power consumption for each device in a continuous
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one-hour time frame. It is important to note that the total energy usage includes situations where
both the phone and laptop are still in use while being charged.

Energy Consumption ( Kwh ) vs Time
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Fig. 9. Energy consumption against time graph
4. Conclusions

This paper introduces the development of a home automation and safety circuit breaker for
detecting gas leakage and tracking power usage using Arduino and the Blynk interface. The project
focuses on testing several cases involving tripping time, monitoring current, voltage, power, and gas
leakage values. Our prototypical system is applicable for measuring the tripping time from the servo
motor to test the time taken for the RCCB when it operates. This system is also able to compute
energy consumption by the load using voltage and current sensors, limited to 1-hour usage.
Additionally, the system can detect gas leakage with a maximum distance of 180 cm, where the
electronic component MQ5 gas sensor is used to obtain the exact value of gas leakage, and the user
will receive a notification if a gas leakage event occurs through the Blynk Apps. To automate the
home, relays were used to control the lamps and sockets.

This implementation offers an intelligent, comfortable, and energy-efficient home automation
system. However, Blynk has a limitation in which the Wi-Fi username and password need to be set
up first in the codes, restricting accessibility. In the future, an Android application can be considered
to improve accessibility and provide more convenience in accessing power consumption data.
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