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Abstract

This project aims to create a smart home system using Internet of Things (IoT) technology to
lower energy usage. Configure the microcontroller in a networked environment. The project
acknowledges power consumption and the cost of household appliances to be inefficient. This
project develops a fully operational application for a smart home monitoring system using Arduino
IDE to program and manipulate 2 NodeMCU connected with a relay to be controlled by a smart
device and control the power usage of home appliances. Along with incorporating an application
that can remotely control the appliances' energy. This project is geared towards improving smart
cities. The project will be capable of notifying homeowners when they leave their homes if any of
their appliances, such as lights, fans, air conditioners, microwaves, or televisions, have been left on,
and the electrical loads will be turned off by using an app on a smartphone.

Index Terms— Arduino IDE, Internet of Things (IoT), NodeMCU, relay, Microcontroller, Smart
Home.
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Introduction

A. Problem Statement

A problem homeowners face is the waste of energy on appliances that are not being utilized
now. This causes higher energy consumption and higher energy costs per month. Also, the problem
of continually operating appliances when not in use will make performance dwindle and lower their
lifespan. Lastly, the problem of tracking all appliances and whether they are in operation.

B. Motivation

Power consumption is a rising cost in many households. A smart home monitoring system is
both an efficient and effective way for homeowners to control the power and energy consumed.
Thus, leading to conservation of energy and lower monthly electricity bills.

Background

Smart Home Monitoring has become a popular research topic. The academic journal “"Smart Home
Monitoring System and Prediction of Power Consumption" mentions using a smart meter to continuously monitor
energy usage and notify the user if the energy being used has surpassed a set threshold. A mobile app and a
hardware module are created to measure the energy used in each household item, a total monthly electricity bill,
and predict the power usage for future months. [1] Similarly to this project, we will use a smart switch to control
the appliances. However, instead of a voltage sensor, we will be using a NodeMCU. “Smart Household Socket
with Power Monitoring & Control using Android Application "was another study to replace old commercial
sockets with smart sockets which users can control remotely via an Android Application. [2] Before the
introduction of smart household appliances, power and energy was being wasted daily and monthly. Using smart
household appliances which one can control will enable efficient power consumption and management.
Compared to this project, our project is an Internet of Things Smart Home Monitoring System and will be
controlled using an application on a smartphone. Adding to previous studies and projects, we will incorporate the
use of an Arduino IDE to program the NodeMCU and connect it to Wi-Fi and a 2-module relay. The relay will be
connected to two loads representing the possible household appliance that may be connected. The Blynk
Application will manipulate and control the loads by turning the switches ON and OFF via a smartphone or smart
device. An important feature of the Blynk Application is its ability to allow users to enable notifications. The
notification will notify users if a load has been left ON and may need to be turned OFF. This project's ability to
monitor and remotely control household appliances will lower power usage and electrical bills and lead to a
power-efficient environment.

Methods

A. Components
e NodeMCU- ESP8266
A microcontroller can execute code entered from the Arduino IDE and connect to a home's network [3].
The microcontroller can also supply voltages through its various pins. This component connects to the Blynk
software, executes the code from the Arduino IDE, and operates the relay.
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Figure 1: NodeMCU.

Relay

The relay is an electronic switch for circuits that requires an amount of voltage to operate. It differs from a
regular switch because an input pin allows you to open and close the circuit hands-free [1]. We utilized the
relay to create a switch that can open and close the circuit connected to the load. We used the voltage that the
NodeMCU can generate to be the voltage supply for the relay and to send the input signal to open and close the
circuit.

Figure 2: Relay.

Blynk App.
With Blynk, you can easily create smartphone applications that allow you to interact with microcontrollers
[4]. The focus of the Blynk platform is to make it super-easy to develop the mobile phone application. We used

the Blynk app to connect the two home appliances with the relay module.
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Figure 3: Blynk App.

Arduino IDE

Arduino is an open-source electronics platform that uses simple hardware and software to make it easy.
Arduino boards can take inputs - such as light from a sensor, a finger on a button, or a Twitter message - and
convert them to outputs - such as turning on an LED, triggering a motor, or publishing anything online [5]. By
providing a set of instructions to the board's microcontroller, you may tell it what to do. The Arduino
programming language (based on Wiring) and the Arduino Software (IDE) (based on Processing) are used to
doing this.
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Figure 4: Arduino IDE.

B. Diagrams
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Figure 5: Block Diagram for system implementation.
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Figure 6: Implementation Diagram of loads connected to the circuit.
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Figure 7: Load pin-out diagram from ESP8266 to the 2-channel relay.

System Analysis

The circuit begins with programming the NodeMCU using Arduino IDE to be connected to Wi-
Fi. The NodeMCU connected to Wi-Fi can connect to a project on the Blynk Application website.
The Blynk project must include virtual data stream pins, which will be used as virtual switches later
in the project. Next is the implementation of the hardware. Two loads (household appliances)
connect to a 120 V AC Power Supply and the 2-module relay. Ground, INPUT 1, INPUT 2, and
VCC are then connected to the NodeMCU. Once hardware and software have been set up, the user
must download the Blynk Application and open the project previously created on the Blynk
Website. Users can turn virtual switches OFF and ON remotely from their smartphone and turn the
loads connected to the relay OFF and ON. Along with controlling the switches at the press of the
button, the Blynk Application also has the power to notify users if a load has unintentionally been
left ON and may need to be turned OFF.

Figure 8: Two possible loads, light bulbs, connected to a power
supply and the 2-module relay alongside the NodeMCU.
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Figure 9: Home screen of the Blynk Mobile Application
with buttons in place to manipulate load.

II. RESULTS

A. Internet of Things vs. Without Internet of Things

Different home appliances use different power ratings. Figure 10 and Figure 11 display all the
possible load component possibilities that may be used while using the Internet of Things System
versus not using it. To create the table, several equations must be used. These equations include:

kw .
Energy (F) = Power X time (1
Active Power (Watt) = Vicos@® (2)
Power factor = cos@ (3)
Erotar = ZP X time (4)

Table 1: Data of the power, energy, voltage, and current household
items are used per hour per day without using the Internet of Things.
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Table 2: Data of the amount of power, energy, voltage, and current
household items are used per hour per day using the Internet of Things.
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B. Load Curves

Load curve: Is a graphic record showing the demand for power for every instant during the hour, the
day, and the month of the year [6]. The load curve shows the relationship between Power (W atts)
and Time (hours).

Load Profile without loT System
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Figure 10: Power vs. Time relation of the entire load profile in
an entire day without using the Internet of Things System.
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Load Profile with loT System
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Figure 11: Power vs. Time relation of the entire load profile in an
entire day using the Internet of Things System

Analysis

In Table 1, without using the IoT system, the amount of daily power was 309.7 Watts an hour
per day. Knowing the average electricity price in Texas is 12.8 cents per kilowatts an hour [7], the
total cost without the IoT system is $3.96 a day and $118.91 a month. In Table 2, using the IoT
system, the amount of daily power was 225.7 Watts an hour per day. Applying It to the average
price of electricity, the total cost per day is $2.88, and the total monthly cost is $86.67 a month.
Comparing the two, this is about a $1.07 daily savings and a $32.23 monthly savings. Hence, the
IoT smart home monitoring system is both an effective and efficient way for homeowners to control
unnecessary energy consumption, thus leading homeowners to save big every month. Comparing
Figure 10 and Figure 11, Figure 11 shows a significant drop in power between hours 9 through 14.
This is due to controlling all appliances and not wasting any power throughout the day.

Conclusion

In conclusion, the circuit can give its user the ability to lower their energy cost per month by
being able to monitor the load and manipulate the power connected to the load. The circuit could
improve by adding more relays to handle various loads. The circuit could also be directed towards
other home issues, such as water and gas. These are possible because of the Blynk App.'s ability to
connect to devices and send signals through the home's internet connection, and the NodeMCU can
utilize the Arduino IDE, which can be used in various situations. These three components, paired
with a relay module, allow any form of electronic with a positive and ground to be manipulated
remotely.
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