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Abstract— Utilization of modern technology is almost
inseparable from the use of electrical energy. There is
often the use of electrical energy that is actually not needed
(wasteful), wasteful use of electrical energy results in
increased costs, increased power supply, which has an
impact on increasing equipment capacity, the problem of
saving electrical energy has been widely discussed but
saving electrical energy is easy and can be controlled
automatically and can be monitored remotely still needs to
be improved. Saving electrical energy can have an impact
on cost savings, as well as prevent a crisis in the supply of
electrical energy. According to data from the Ministry of
Energy and Mineral Resources, the installed capacity of
power plants for the 2018-2020 period increased by 2.34%
per year. The distribution of electricity to customers in the
2018 — 2020 period has increased by 1% per year.
Monitoring and controlling electrical energy can be done
using controls using sensors and can be monitored and
controlled remotely based on the internet of things. This
study aims to design and manufacture a prototype tool
that functions to monitor and control electrical loads in
real time from a distance based on the internet of things
and by utilizing sensors can also help turn on and turn off
electrical loads as needed. The method used is through the
stages of Analysis, Design, Development, Implementation,
Evaluation (ADDIE). The results of the study show that
the designed and manufactured tools can monitor
electrical loads whether they are on or off and can turn on
or turn off electric loads automatically with the help of
sensors and actuators and can also be controlled remotely
via smartphones, laptops, computers or tablets. Future

studies are expected to be able to control electrical
parameters including voltage, current, frequency, real
power, reactive power, apparent power, and power factor.
The expected impact of this research is that it can control
electrical energy automatically easily and can control it
remotely and save electricity usage.

Keywords— Saving electricity remotely, Automatically,
Internet of things, Sensors, Controls

I.  INTRODUCTION

Consumption of electrical energy in Indonesia continues to
experience a significant increase day by day, this is due to the
increasing population growth and the increasing need for
electrical energy used, this of course has an impact on
increasing electricity rates per 1 Kwh that must be purchased
by the public.

Energy Capacity generated by PLN per
MegaWatt (MG) in 2018-2020
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Fig. 1. Electrical capacity data
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In this research, an automatic control system is designed that
is a combination of sensors and monitoring of electrical loads
based on the Internet of Things as a solution to save
electricity[1] starting from its global architecture and then
developing it into a prototype and realizing it in the form of a
system that can be used as a tool to control and monitor usage.
electronic devices at home in real time using the NodeMCU
ESP32[2] and the AdaFruit 10 server so that later users can
control and monitor the use of electronic devices at home
using only the smartphone they have[3]. Then this system is
tested and its performance is measured both in terms of delay,
server response, and the monitoring display of this system.
This research aims to design, manufacture, control, and
evaluate a prototype that can make a system able to control
electrical loads and can monitor in real time[4] and can even
be controlled remotely using the internet. [5]The method used
is through the Analysis, Design, Development,
Implementation, Evaluation (ADDIE) approach, namely by
studying the literature[6] to analyze the research object, then
design and develop the design results and implement the
design results and then implement them on the research
object[7][8], all suggestions for improvement are used as an
evaluation for improving this system[9]. The novelty of this
research is to help users control and monitor electrical loads in
real time and without the need to use applications or software
that must be downloaded first[10], users only need to Entering
the AdaFruit website is of course much easier and more
flexible in use[11], unlike in previous studies that have been
carried out, users must first download a software or
application and this system is also equipped with the use of
sensors so that this system can work with more ef isien[12].
The internet of things is a concept in which objects or objects
are embedded with technologies such as sensors and software
with the aim of communicating, controlling, connecting and
exchanging data through other devices as long as they are still
connected to the internet[11][13]. The Internet of Thing is a
concept where an object has the ability to transfer data over a
network without requiring human-to-human or human-to-
computer interaction[14]. The development of 10T can be seen
starting from the level of convergence of wireless technology,
microelectromechanical (MEMS), internet, and QR (Quick
Responses) Code. 10T is also often identified with RFID
(Radio Frequency Identification) as a method of
communication[15]. In the development of the internet of
things, many modernize electronic equipment that still has a
conventional system, which is converted into an embedded
system[16] a program with a certain algorithm to be
controlled, monitored, or monitored remotely[17].

NodeMCU is an open source 10T platform[18]. It consists of
hardware in the form of the ESP32 on-chip system made by
Esperessif System[19]. NodeMCU can be analogous to an
Arduino board connected to ESP32[20][21]. The ESP32
microcontroller is made by a company called Espressif
Systems. One of the advantages possessed by the ESP32 is
that it already has Wi-Fi and Bluetooth in it, so it will be very
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easy for us when we learn to create an loT system that
requires a wireless connection[15][22]. The ESP32
microcontroller has the advantage of being a low-cost, low-
power system with a WiFi module that is integrated with the
microcontroller chip and has Bluetooth with dual mode and
power-saving features making it more flexible[23].

Adafruit 10 is a provider of MQTT server services for Internet
of Things[24], this service can be used to make NodeMCU
ESP32 controllable remotely by using subscribe and publish
facilities. Without the need to use other applications or
software, users only need to access the available websites. The
advantage of Adafruit 10 is that users are not charged when
creating an account and using it as a server to be connected to
NodeMCU ESP32[25].

Il. METHODS

The research method used is Analysis, Design, Development,
Implementation, Evaluation (ADDIE). The ADDIE research
method is often used in research to produce industrial products
or appropriate technological tools[26]. This study aims to
create a system that can control electrical loads and can
monitor them in real time and can even be controlled remotely
using the internet, this system provides ease of use and
flexibility in operating time because the user only needs to
open the existing Adafruit server. on the website without the
need to download the application first [27].

Research methods

Fig. 2.

Based on Figure 1, the research procedure is explained, the
steps carried out in this study went through several stages,
including:
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4
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and systems already created to obtain the level of
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Fig. 3. Research procedure

In case of two-dimensional image, after a DWT transform, the
image is divided into four corners, upper left corner of the
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original image, lower left corner of the vertical details, upper
right corner of the horizontal details, lower right corner of the
component of the original image detail (high frequency). You
can then continue to the low frequency components of the
same upper left corner of the 2nd, 3rd inferior wavelet
transform.

111, RESULTS AND DISCUSSION
A. System Architecture
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Fig. 4. Arcitekture of Systems

Based on Figure 3 it can be seen that the architecture of this
system consists of 3 main parts namely, users, internet and
servers, as well as electronic devices at home. Users can use
their smartphone to directly control and monitor connected
electronic devices in real time by simply logging in to the
Adafruit 10 server which can be accessed via the website
without the need to download the application first on the
smartphone, the internet and the server are the link between the
user and the devices. electronics which will later be monitored
and can be controlled remotely.

Sensors as a tool to increase the efficiency of using electric
loads:

1. An LDR (Light Dependent Resistor) sensor is used to turn
on and turn off the light based on the intensity of the light.

2. For the electric load of the water heater type, the DHT11
sensor is used by making low temperature and high
temperature settings to be able to turn on and off the water
heater.

3. For the electric load of the air conditioner (AC) type, a
thermostat type temperature sensor is used by making low
room temperature settings and high room temperature settings
to be able to turn on and turn off the air conditioner (AC).

4. For an electric load of the water pump type, a water level
sensor is used by making settings on the sensor for low water
level and high water level so that the water pump can turn on
and off.
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B. The Block Diagram Of How The System Works

Adafruit IO

¥

Router Wifi

¥

NodeMCU
ESP32

¥

Relay 12 Volt
6 Channel

\ 4

Electrical Load

Fig. 5. The Block Diagram

Based on Figure 4 it can be seen how the system works,
Adafruit 10 is the server used in this system, users can access
Adafruit 10 using their smartphone by simply opening the
Adafruit 10 website, later users who already have an account
will directly enter the Adafruit 10 website. NodeMCU ESP32
must be connected to the wifi or internet network installed in
the user's home to be able to control and monitor the use of
electronic devices installed in the user's home.

C. Block Diagram Of The Prototype Chain
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Fig. 6. Block Diagram of The Prototype

Based on figure 5, the description of this prototype uses five
relays for experimentation and for relay inputs connected to the
pins on the NodeMCU ESP32. Then the output on the relay is
connected to the electrical load, which can later be controlled
according to the programming results uploaded to NodeMCU
ESP32.

D. Adafruit 1o Account Settings With Nodemcu Esp32
AdaFruit 10 is a website-based flatfoam company engaged in
the manufacture of open source hardware and also provides a
server that can be connected to NodeMCU ESP32 to be able to
control it remotely. Using Adafruit 10, users do not need to
download applications or other supporting software. open the
available website, the steps that must be taken to be able to set
up NodeMCU ESP32 with the AdaFruit 10 server can be seen
in figure 6.

Create an
Account on

Creatinga
dashboard on

Connecting
ATO with
NodeMCU
ESP32

the Adafruit
10 website

Adafruit 10

Fig. 7. Setting Adafruit 10

E. Control And Monitoring
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Display User Condition Off

Fig. 9. Display User Condition On

Based on Figure 7, you can see the shape of the Adafruit
display which is already connected to the NodeMCU ESP32,
there are switches that can function to control electronic
equipment, the red color is marked with the equipment in the
off position, while if the equipment is on or working, the color
will change to green can be seen in Figure 8.

Monitoring real time
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Fig. 10. Display Monitoring
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Based on Figure 9 it can be seen from the monitoring display
contained in Adafruit 10, users can monitor in real time data on
the use of electronic devices that are being used or not being
used. The monitoring chart above shows the vertical line for
the number of devices that are on or in use or not, while the
horizontal line shows the time the electronic devices are being
used per unit of time. There are also operational dates and
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hours for the use of electronic devices that are on or in use.
Later users can find out directly which electronic devices are
on or in use and which are off or not in use, users can also
directly control electronic devices remotely as long as the user
is connected to the internet. This minimizes the use of
electronic devices that are not in use but are still on or on or
users who forget to turn off their electronic devices at home. Of
course this really helps users in increasing the efficiency of
using electrical energy due to electronic devices that are not
being used but are on or lit so that electrical energy is wasted.

F. Trial Systems And Tools

System testing is carried out by making a prototype using 6
lamps each connected to the Adafruit IO system and connected
to the NodeMCU ESP32 as a microcontroller that can connect
to the user's wifi and smartphone, this test measures the delay
between the user, server and installed electronic equipment.
also measures the server response on the monitoring display
displayed on the Adafruit 10 server with a certain internet
speed range. Can be seen in table 1.

Table -1 Tests on the system measure wifi internet speed, user
internet speed and delays that occur

Speed of
\S/\?ﬁc?tleoéplsr;ternet Internet User | Delays (S)
(MBPS)
21-30 11-15 0.6
11-20 6-10 0.8
0- 10 0-5 1

Based on table 1, it can be seen that there is a significant
influence between wifi internet speed, user internet speed, and
the delay that occurs. In the range of 0-10 MBPS wifi internet
speed and user internet speed are installed in the range of 0-5
MBPS then the delay that occurs is 1 second, in the range 11-
20 wifi speed and user internet speed are installed in the range
of 6-10 MBPS then the delay that occurs ie 0.8 seconds, and in
the range 21-30 wifi internet speed and user internet speed are
installed in the 11-15 MBPS range, the delay that occurs is 0.6
seconds, meaning that wifi internet speed and user internet
speed are directly proportional to the delay in this system, the
more the higher the wifi internet speed and the user's internet
speed the smaller the delay that occurs in this system.

IV.CONCLUSION

This study aims to design, manufacture, control, and evaluate
a prototype that can make a system able to control electrical
loads and can monitor in real time and can even be controlled
remotely based on 10T and using the simple and inexpensive
NodeMCU ESP32 microcontroller. Yet efficient. To save
energy and can be controlled remotely. To design this system
using the NodeMCU ESP32 microcontroller as a control and
local materials that are cheap and easy to get. Our target is to
design the system in such a way that its components prevent
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the wastage of electrical energy. The whole system operates
automatically. So it does not require experts to operate it. This
design has a lot of room for future research and development.
This tool is expected to be able to solve problems related to
energy regulation and saving electricity. Although in this
project there are still many shortcomings that must be
investigated in the future.
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