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Abstract: Wasteful use of electrical energy, apart from the use of electrical loads, is also caused by wasteful and uncontrolled
use of electrical loads. Electrical energy that is not used as needed causes electricity waste. This research aims to use the loT
system for electrical automation and monitoring the amount of electricity in a room. In this way, saving electricity and
monitoring the amount of electricity can be done easily through the loT system at anytime and anywhere. The method used in this
research is an experimental method, namely designing equipment according to the planned system and preparing a program
according to the desired tool working system. The research object is the electrical load in three rooms consisting of three load
groups, each load group is represented by a PIR sensor light, namely the equipment used is the PZEM sensor, PIR sensor, RTC,
ESP 32, Triac, Optocoupler, and other supporting equipment. The results of the research show that the equipment has worked
well and has been tested well, electricity savings are shown through the monitor on the Android cellphone using the Blynk
application which was previously installed. Every time there is a person in the room, the PIR sensor always detects the object and
activates the electrical load and vice versa. Apart from that, the cellphone monitor screen also displays from time to time the
amount of electricity used by the load, including the electrical energy used and the electrical energy savings that can be done.
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1. Introduction

The Internet of Things (loT) can be applied to smart
buildings and smart cities to reduce electrical energy
consumption. Limitations in developing 10T in buildings
and cities by professionals in the field are still very rare due
to the understanding of the technology and its application
methods. The obstacle in implementing loT is that there are
still quite a few ideas for creating automation related to
automation, especially in terms of energy efficiency (Villa
et al., 2021). The application of the 10T system for building
electrical automation systems to save electricity usage while
also being able to monitor electricity quantities, electrical

equipment and room conditions remotely is basically
needed by every home, building and industrial owner.
Control systems are needed to control electrical equipment
to support electrical energy savings. Controlling electrical
equipment can have an impact on saving electrical energy
and preventing fires caused by negligence in using
electricity. Control systems have an important role in the
development of science and technology. And is a tool to
control and regulate the state of a system. One of the
control systems currently developing is the Smart
Home/Building control system, which is defined as a
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place/building that uses an intelligent control system to
control electrical equipment and so on. This research was
carried out based on observations of the state of electricity
use and its efficiency as well as monitoring building use
remotely with 10T applications. So far, electricity usage in a
building is generally from 07.00 WIB to 18.30 WIB, but
sometimes the electricity usage remains full, even though
sometimes the room is empty and there are no people in it
while the electricity continues to be on, resulting in wasted
electricity usage. Likewise, monitoring building electricity
usage has so far been carried out by visiting the room and it
seems troublesome, so it is hoped that carrying out this
research will overcome this problem.

This research is oriented towards research results that can
be used as academic reference material for designing loT
systems for controlling electrical equipment, direct
economic impact in the near future for society and the
government, namely through this research the public and
government can obtain references in designing loT systems
for controlling equipment electricity.

2. LITERATURE REVIEW

Analysis of energy consumption data for buildings based on
automation control energy location using the 10T framework
as well as experimental prototype design on loT networks and
cloud computing technology to increase energy use efficiency.
By building this 10T framework in the home or office, the aim
is not only to proportionalize energy on a large scale but also
to provide users with the ability to dynamically adjust and
control devices (Rizal & Hadi, 2016).

loT applications are used in industry and homes. Household
electrical equipment can be controlled automatically via the
web, either via the internet. This web interface can control
when the device is turned on and when it is turned off. This
webserver is made using HTML, PHP and Javascript. The
Internet of Things is defined as the interconnection of
embedded computing devices that are uniquely identified in
the existence of the internet infrastructure. The control system
is designed using the Nodemcu ESP8266 12E as the control
center of the system and controller communication to the
internet via WiFi media, as well as a Solid State Relay (SSR)
module to act as an electrical switch between the nodemcu and
electrical equipment with a PLN source, the ZMPT101B
sensor as a sensor to read the voltage from PLN source and
ACS712 30 A sensor as a sensor that reads electric current.
(Nor, 2019). loT Based Interactive Monitoring Systems for
automation is another technological advancement that can
control electrical devices in the home remotely. Any
automation business that uses incorporated systems such as
PIC microcontrollers provides smart and cheap energy for
homes, schools, hospital facilities or other Building
automation systems use four-channel relay control equipment
that is operated as a switch using WiFi (Suhendar & Fatullah,
2020). Various loT systems and technologies are being
developed to improve energy efficiency in buildings. Some of
the main component features of 10T, namely the hardware and

software needed to build a control system. 10T system design
factors consist of the selection of sensors and actuators and
their activation techniques, control strategies for collecting
information and activating equipment, monitoring actual data
used to estimate energy consumption (Yaici et al., 2021).
Smartphones are sophisticated cellphones that provide
computer-like features. Android is an operational system that
is easy to operate and also flexible for building and developing
unlimited applications. Light controllers using an internet
connection are an example of using the Android operating
system. This controller uses draft control where the Arduino
microcontroller sends logic data 1(ON) or 0(OFF) to the relay
via the Arduino output pin and to the web server via ESP8266.
In addition, an Android application with Java programming is
set to control the relay via a network web server on an Android
smartphone (Satya et al., 2016).

One component of a smart building is security. In terms of
security, the ability to automatically detect intrusions is a
must-have feature in smart buildings. Apart from software,
this detection system requires hardware that needs to be
adapted to the physical conditions of the area being observed
such as closed rooms, open spaces, fences with flat surfaces
and uneven fences (Yaici et al., 2021).

Building automation devices consist of three main parts,
namely sensors, relays and a control unit that gives commands
to activated relays or vice versa. These three parts have their
own tasks but are also integrated in programming on the
Arduino device. As a result, this device will successfully read
input from the sensor if the programming is carried out
correctly by the control unit. The use of the internet as a fully
automatic or manual command provider makes it easier for
this equipment to support the needs of its users because it can
be operated from remote places (Wardhana, 2018).

3. RESEARCH METHOD

An electrical automation system is an automation system
for electrical equipment where electrical equipment will be
activated based on the presence of people in the room, thereby
utilizing electrical power according to needs and having an
impact on saving electricity costs. Electrical equipment, the
amount of electricity and savings in electrical energy are then
controlled and monitored via the Android cellphone display
via the Blynk loT application. The method used in this
research is the experimental method, namely collecting data
and carrying out the design and then testing the design results.
Remote control mode for saving electrical energy through loT
is carried out using three methods, namely scheduling mode,
on-off control mode and automatic mode using a PIR sensor.
The variables observed/measured are electrical quantities that
appear in the system, input/output variables, namely current,
power, frequency, power factor and electric voltage variables.
The data collection technique begins with testing the
equipment repeatedly until the expected results are obtained,
the data collection technique is carried out by taking
measurements at each test, data analysis is carried out by
testing the electrical quantity and comparing it with the real
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condition according to the object and program created. The
system block diagram can be depicted in Figure 1 below
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Figure 1. Block diagram of the system.

The automation system works based on input from the PIR
sensor, PZEM 004T sensor and RTC DC 323. This input is
processed by the ESP 32 to then order the switching circuit to
turn on-off according to the input or object detected. The
operational mode of the block diagram has three operating
modes, namely manual mode, auto mode and scheduling
mode. The equipment used to create this system is 1 unit of
PZEM sensor, one unit of ESP 32, one unit of RTC DC 323,
Wifi source, laptop, 7 units of MOC3021 optocoupler, 7 units
of TRIAC BT136, 7 units of ST10220V30A contactor, 1 unit
of control panel box, 1 unit of current transformer, 9 units of
PIR sensors, 16 units of LED lights for indicators, 5 units of
MCB AC, Android cellphone, Cable Skun, Terminal Block
TC1004 TAB. One 74HC595 shift register unit, one PCF8574
12C unit, 12 Volt power supply, LM2596 stepdown.

Figure 2. Electrical power control panel.
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Electrical automation system equipment to save electrical
power consumption is made in one panel which is equipped
with all supporting equipment.
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Figure 3. Program flowchart .

4. RESULTS AND DISCUSSION

Table 1. Installed electrical load data

Electrical load Location of electrical

eI representation (Watts) load

Load 1 18 Room 1
Load 2 18 Room 1
Load 3 18 Room 2
Load 4 18 Room 2
Load 5 18 Room 3
Load 6 18 Room 3
Load 7 18 Room 3

Table 1 shows the electrical loads installed in the room
consisting of electrical loads in three sub-rooms, namely
room 1, room 2 and room 3. In this study the electric load
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from load 1 to load 7 is represented by electrical load of 18

watts each. More than one pir sensor is installed in each room.

Three pir sensors are installed in each room with the aim of
making detection of the presence of people inside more
objective and having a fast and precise response.
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Figure 4. Electrical power control with auto mode at 02.17 WIB

The total representative electrical load is 18 watts x 7 units or
126 watts. The electrical load according to Figure 4 has been
active since 01.41 WIT with 3 types of active loads with a
total power of 54 watts. With an electric load power of 54
watts that is on for 46 minutes, the savings that can be made
are 0.085 kwh compared to if the entire load was on without
automatic control for the presence of people in the room. For
monitoring the amount of electricity measured on the blynk
display is 61.4 watts or a difference of approximately 7 watts,
this shows that electrical power consumption has increased
from the rating value, this is due to power losses and power
fluctuations in the lights led. Power fluctuations in LED
lights are usually no more than 10 watts.
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Figure 5. Electrical power control with auto mode at 02.20 WIB

at 02.20 WIT, the PIR sensor detected the presence of people
in the room so that the PIR sensor provided input to ESP 32
which then activated all the electrical loads in each room. Pir
sensors 1 to pir sensors 9 detect objects in the form of people
in the room and this can happen when the blynk mode is in
auto mode. The power used according to the electrical load
rating is 18 watts X 7 units or 126 watts, this is different from
the display on Blynk 10T because there are fluctuations in the
power value of the LED lamp which ranges from
approximately 10 watts so it is still within tolerance limits.
The power value displayed is 136 watts or a difference of 10
watts from 126 watts. In general, LED lights tend to decrease
in power consumption as they are active. On the Blynk loT
monitor screen, the kwh value or electrical energy generated
due to the use of electrical loads is also displayed, as well as
the amount of electricity savings on the monitor screen,
which is 0.08 kwh. This value appears because there is a
room where no one enters, so the pir sensor deactivates
electrical load. Active and inactive electrical loads can be
adjusted according to needs, in this case the response time of
the pir sensor can be adjusted to detect objects
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Figure 6. Electric power control with auto mode at 02.22 WIB

In a situation like in Figure 6, the PIR sensor does not detect
the presence of people in one of the rooms so that the
electrical load in that room becomes inactive. By
deactivating the two load groups, the active and measured
power via the PZEM 004T sensor detects electrical power
consumption of 97 watts or according to the load rating, there
are 5 units of active electrical load, the size of which is 18
watts X 5 units or 90 watts or a difference of 7 watts to what
is measured by the sensor. By deactivating these 2 electrical
loads, the savings that occur are 0.075 kwh. The voltage,
current, power factor and frequency values are still measured
and displayed with the PZEM 004T sensor input. The more
loads that are inactive and there are no people in the room,
the greater the electricity savings. This is the main function



202 Suprianto, et al.: Electrical Load Control Using PIR Sensor for loT-based Electrical Power Saving

of the Pir sensor combined with the system to save electrical
energy. The electricity savings value is assumed with the
assumption that all electrical loads are on for a certain period
of time with the installed electrical load rating already known
in advance so that the program created can show the
electrical energy savings figure. Apart from detecting the
presence of people via pir sensors, automation equipment for
saving electrical energy can also be controlled remotely using
manual methods. The manual method in question is
controlling electrical loads from a distance or a short distance
using the buttons on the blynk 10T application which was
designed previously both via cellphone and programming.
Integration between ESP 32 and the blynk loT application
can control the activity of electrical loads via the internet
network. Use manual mode if the electrical load is not turned
off for a long time or until the evening when the room is not
used while the electrical load remains on, this is often found
in buildings that are not paid attention to by the owner and
can result in a threat of fire hazard for those using With the
manual method, you can see whether the electrical load is
still on or off by just looking at the cellphone that has Blynk
10T installed.
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Figure 7. Electrical power control in manual mode at 02.28 WIB

Use of manual mode to replace if undesirable problems occur
when using auto mode, for example if the sensor is damaged
and requires remote and close control to activate and
deactivate the electrical load. In figure 7 you can see that
electrical load 1, electrical load 3, electrical load 4 and
electrical loads are deactivated remotely and effectively work
according to the button pressed in the blynk application.
Apart from being able to see the activity of electrical loads
through light indicators, this automation equipment also
detects and displays electrical quantities measured by the
PZEM 004T sensor, including in manual mode. In Figure 7 it
can be seen that the electrical power consumption is 78.6
watts for four active electrical loads, meanwhile if you look

at the rating, it is 18 watts x 4 units, which is 72 watts or a
difference of around 6 to 7 watts. Electricity savings are also
seen at 0.07 kwh. Apart from using auto mode and manual
mode, this automation equipment can also be used for
scheduling mode where scheduling is carried out by the user
according to the desired time limit for activating and
deactivating loads.

4. Conclusion

The use of an electrical automation system to save electrical
energy usage is based on auto mode. Each pir sensor, totaling
nine sensors placed in three rooms, will detect people in the
room. The time delay required to respond to the presence of
people in the room can be adjusted through the program.
When the PIR sensor detects the presence of a person, the
electrical load will immediately activate, but if the opposite is
true, namely some time after the person leaves the room, the
system equipment can also be timed to deactivate the
electrical load. Automation equipment for saving electrical
power has been tested many times and shows the system
works as expected. The savings that occur are compared if the
full use of electricity is used for a certain period of time and
then compared with the real conditions that occur when there
are and are no people in the room so that the electricity savings
that occur are known. To anticipate technical problems when
operated in auto mode, the automation equipment is also
equipped with a manual mode that can be controlled remotely
or remotely using a cellphone that has the blynk application
installed.
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