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Abstract— This research aims to design electrical installations in residential homes that apply Internet of Things
(10T) technology. An Arduino Uno mini system is the controller whose interface uses the HC-05 Bluetooth module. At
the same time, the control uses a cellphone with the Android operating system. The design is based on a research
development model, but it is not fully standardized by development research because there are some limitations to the
problem. The focus is only on tool design, namely planning, manufacturing, and testing the resulting tool or device.
The design results obtained an electrical installation control device with an Android phone. The device is capable of
connecting and disconnecting load points remotely and automatically. The control distance is approximately 20 meters

according to the Bluetooth specifications used.
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I. INTRODUCTION

Electrical power installation is the installation
of electrical equipment components to serve changes
in electrical energy into mechanical and chemical
energy. A better electrical installation is an
installation that is safe for humans and familiar with
the surrounding environment (Adiarta, 2021).

For the installation of electricity, lighting, and
power for the house, we must first see the drawings
of the installation plan that has been made by the
planner based on the floor plan of the house/building
where the installation will be installed. In addition,
the specifications and work requirements received
from the building/house owner and these conditions
are inseparable and the regulations that must be met
by the authorities issuing regulations, namely the
local PLN.

In 2016, Internet of Things (loT) technology
began to be recognized as a system that can facilitate
human affairs because it adopts interconnectedness
with each other. The growth of devices using loT
systems also increased last year. Now entering 2023,
the technology trend is considered to have developed.

Still, the Internet of Things is a concept where an
object can transfer data over a network without
requiring human-to-human or human-to-computer
interaction.

Several studies on 10T that have been carried
out include automatic control and monitoring systems
for electrical equipment over long distances with a
combination of sensor technology, wireless
technology, and internet technology (Prihatmoko,
2017). Remote controlled residential security system,
where the ATMEGA 8535 microcontroller is being
used and is currently being developed, the
microcontroller used is the Rasberry Pi.

In this study, a scheme was developed to
control electronic devices and provide information
about the condition of electronic devices through
sensors integrated into the microcontroller and
connected to wireless based on mobile devices or
smartphones.

The design of this system is no longer standard
among electronics and IT practitioners. With a variety
of existing amenities, this design technique may make
maintenance easier for the owner while also
providing comfort for everyone who lives in it. These
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facilities are obtained because several sensor devices
can later detect a situation that is not following the
expected conditions, namely comfortable, safe and
efficient.

Many social problems occur in the community.
Problems of social problems that often occur in urban
or rural communities, it cannot be denied that the
current development of the era will cause some
problems in the community, especially in the
construction of houses. Seeing the condition of some
people's homes who have daily activities and do not
have household assistants, the control is not practical.

Therefore, concerning the above provisions, all
electrical work, including lighting and power
installations in a building/ house, will work properly.
It is also beneficial for us as students, in this case as
researchers, to research the design of electrical
installations in loT-based residential homes so that
later they can become skilled planners.

This problem was identified in two ways,
namely: (i) how to design an electrical installation in
a simple multi-storey house with the General
Regulations for Electrical Installation (PUIL, 2000),
based on 10T; and (ii) how to install electricity in a
simple multi-storey house with the General
Regulations for Electrical Installation (PUIL, 2000),
based on 10T. This research is only limited to the
design of multi-storey residential installations—
namely, a simple multi-storey house (only two floors)
based on loT.

The purpose of this research consists of the
main objectives, namely: (i) to find out how to design
a multi-storey residential installation following the
General Regulations for Electrical Installation (PUIL,
2000) based on 10T; (ii) to find out how to install l0T-
based multi-storey houses; and (iii) to find out how to
apply the 10T concept to household electrical
appliances using a microcontroller.

Electrical installation components are the most
basic equipment in an electrical installation circuit.
Electrical installation components must follow and
meet the following requirements:

1. Reliability, ensuring the continuity of electrical
installation work under normal conditions.

2. Security, the installation components installed
can ensure the safety of the electrical installation
system.

3. Continuity, components can work continuously
under normal conditions.

(Lesmana, 2017).
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Designing the electrical network of a building
must first be assessed for the total load of the entire
building (Kilis & Mamahit, 2021). Groups of
electrical loading in a public building are as follows:
electric lighting; sockets for household appliances
and small motors; building ventilation and Air
Conditioning (AC); plumbing/ sanitary (water pump
and others); vertical transportation (lift); special
equipment (laboratory, computer); and security
systems (fire fighting, etc.) (Akbar et al., 2017).

Internet of things (10T) technology has begun
to be known as a system that can facilitate human
affairs because it adopts interconnectedness with one
another. Internet of Things is a concept where an
object can transfer data over a network without
requiring human-to-human or human-to-computer
interaction (Umam & Yuri Efenie, 2016).

An Android operating system is software that
has developed rapidly at this time. Therefore, many
software developers make Android a breakthrough in
software or operating systems on Android
smartphones. This application is used as a medium to
extinguish and turn on household electrical
appliances (Panduardi & Haq, 2016). By using
Android to control  household appliances
automatically and being controlled remotely using a
mobile application that is integrated with the wifi
module and supports Java programming as an
interface, it can also be used for more than one
electrical device. The smartphone used has an
Android operating system. According to the
development of Android that is currently developing,
the mini system controller used is the Rasberry Pi.

Arduino is an open-source electronic Kit
specially designed to make it easier for artists,
designers, and anyone interested in creating objects or
developing electronic devices that interact with
various sensors and controllers (Badamasi, 2014).
Arduino UNO is a microcontroller board fully
controlled by the ATmega328 (Binsar et al., 2021).
The Arduino UNO contains 14 digital input/output
pins, six analog inputs, a 16 MHz crystal oscillator, a
USB connection, a power connector, an ICSP header,
and a reset button. (Adriansyah & Hidyatama, 2013).
The Arduino UNO includes everything required to
support the microcontroller. To get started, just
connect it to a computer through a USB cable, provide
it with an AC to DC converter, or use a battery.
(Nebath et al., 2014).

Bluetooth is a communication media
equipment that can connect a communication device
with other communication devices (Shinde et al.,
2018). Bluetooth is generally used in cellphones,
computers or PCs, tablets, and others (Mayasari et al.,
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2017). The function of BlueTooth is to make it easier
to share or share files and audio and replace the use
of cables and others (Mayasari et al., 2017). Currently,
many devices use Bluetooth. Alternatively, another
definition of Bluetooth is a wireless or wireless
communication technology that operates in the 2.4
GHz frequency band (between 2.402 GHz to 2.480
GHz) using a frequency hopping transceiver that can
provide data and voice communication services in
real-time. The time between BlueTooth hosts with a
limited-service range (Sadi & Mulyati, 2019). This
BlueTooth technology was created not only to replace
or eliminate the use of wired media in exchanging
data or information but also to offer excellent or good
features for wireless or wireless mobile technology,
with relatively low costs and low power consumption,
interoperability, which is very promising, easy to
operate and also able to provide a wide range of
services (Nasher, 2014).

A relay is a switch that is operated electrically
and is an electromechanical (electromechanical)
component consisting of 2 main parts, namely an
electromagnet (coil) and a mechanical (a set of
switch/switch contacts) (Romoadhon & Anamisa,
2017). Relays use electromagnetic principles to move
the switch contacts so that with a small electric
current (low power), they can conduct higher voltage
electricity (Risanty & Arianto, 2017). For example, a
relay that uses a 5V and 50 mA electromagnet can
move the armature relay (which functions as a switch)
to conduct 220V 2A electricity.

Android is an operating system for mobile
devices initially developed by Android Inc. One of
the creators of Android is Andy Rubin, who is now
often referred to as the "Father of Android." In 2005,
Google officially bought Android. So since then,
Android development has been entirely in the hands
of Google until now. Nevertheless, Google still
releases the source code (source code) openly to
include Android in open-source software. This means
that everyone around the world can also contribute to
developing Android. So if we conclude, according to
experts, Android is an operating system developed
specifically for smartphones and tablets.

Android was initially developed not for
smartphones but digital cameras. However, because
the digital camera business was still sluggish, then
Android Inc. changed the direction of Android
development for mobile devices. Until now, Android
is known as a unique operating system for
smartphones and tablets. However, because of its
open-source nature, many developers are developing
Android to run on laptops and computers.

The Wemos Microcontroller is a development
microcontroller based on the ESP 8266
microcontroller module. The Wemos Microcontroller
was created to solve the high cost of other
Microcontroller-based wireless systems. Using the
Wemos Microcontroller, the costs incurred to build a
Microcontroller-based WiFi system are very cheap,
only one-tenth of the cost incurred when building a
WiFi system using the Arduino Uno Microcontroller
and WiFi Shield (Yuliza & Pangaribuan, 2016).

Il. METHOD

The methodology used in this study consists of
three steps, namely:

1. Study literature, a literature search that comes
from books, media, experts, or other people's
research, aims to develop the theoretical basis
that we use in conducting research. One source
of reference that researchers can use as an
information point in tracing reading material is
to use reference books. These reference books
may contain brief descriptions or name
designations of specific readings. The material
from reference books is not to be read from the
first page to the end, only the important and
desired parts.

2. Observation is a way of collecting data by
making direct observations of an object within a
certain period and systematically recording
certain observed things. The number of
observation periods that need to be carried out
and the length of time in each observation period
depend on the collected data type. In this
observation, the author makes measurements
and direct observations in the field to obtain the
data needed.

3. Design is a stage that aims to design a new
system that can solve the problems encountered.
The data in the design are taken from the results
of literature studies and field observations. In
this design, a design drawing will be made along
with its analysis and used as a guide for installing
electrical installations. In order to be understood
by technicians or installers, the design must be
straightforward and meet predetermined
standards.
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The time used in collecting data for this final
project was carried out on March, 2021. The location
used to design the lighting installation was carried out

in a multi-storey residential house located in Tanggari
Village, Airmadidi District. The design procedure can
be seen in Figure 1.

LED light

i

BlueTooth

Figure 1. Design Procedure

Figure 1 describes the needs analysis needed as
follows:

1. Android is an operating system of a smartphone
(smartphone). The android phone used in this
tool is a cell phone that uses the Android
operating system L1074L1.6.02.03.1D11. This
Android phone has been set to turn the lights on
and off.

2. Power Supply is a tool used to drain AC from the
source to Arduino.

3. Arduino Uno R3 is used to receive and send test
data from Gooive Voice to Bluetooth that has
been processed.

4. Bluetooth HC-05 is used to receive commands
sent from Bluetooth android to be processed by
Arduino Uno r3.

5. This four-channel relay gives commands from
BlueTooth to the lights.

6. This LED light is the lamp used in the device.

The working principle of the designed system
is that the voltage sensor becomes the medium for
providing input to the Arduino (Sanggola et al., 2022)
(Mamahit et al., 2022). When Arduino reads input
from the application, that input becomes the basis for
Arduino to run the program. The data sent via the
BlueTooth module will enter the microcontroller's
minimum system on the Arduino's serial port. The
data is converted in the circuit to be continued to the
pin via the Rout Max pin. 232, and the data is
processed on the Arduino and then sent a logic 0 or 1
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on the I/O pin, namely Port C.10 and Port C.11, to
control the relay on or off with AC. This procedure
can be simpler seen in the flow chart in Figure 2.

| start |

Connect to bluetooth

No

Connected app

Voice command input /

2

Sending data to
Arduino Uno

No

Voice input app
is correct

Lights on/off

4
FINISHED

Figure 2. Design Flowchart

Testing this tool begins with a Bluetooth
connection of the Arduino HC-05 Bluetooth module
with  Bluetooth Android. Furthermore, Voice
translation by Google Voice / Speech Recognition/
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Speech to Text from voice to Text. Then the Text is
sent from Android to Arduino, and then decision
making is done by Arduino Uno according to the
input program, which processes logic based on the
Text received (Miller et al., 2015).

At the data collection stage, we control turning
the lights on and off with voice commands, which
must have precise intonation and correct
pronunciation. However, if the intonation and
pronunciation are wrong, the application does not
respond or has an error and measures the distance.

The electrical installation design is a design
drawing file and technical description, which is used
as a guide for carrying out the installation of an
electrical installation. Electricians must make
electrical installation designs clear and easy to read
and understand. For this reason, applicable provisions
and standards must be followed. The electrical
installation design consists of:

A. Field survey

1. Measure the area of the location where the
electrical installation will be designed.

2. Determine the distance from the installation
location to the nearest substation.

3. Draw a layout that will make the electrical
installation.

B. Situation drawing: layout design that clearly
shows the location.

C. Installation planning

1. Determine the number of lamps and poles.

2. Determine the type and size of the cable.

3. Determine the required safeguards.

4. Make a PHB diagram complete with
information on the size and amount of
component identifiers.

The hardware needed to make the tool: laptop,
android smartphone, Arduino Uno, Bluetooth module
HC-05, Relay module, 220 V lamp, light fittings,
plug, jumper cable for Arduino, and 1 mm cable.
Windows 10 OS, Arduino Ide 1.8.2, and the Arduino
application are used.

I1l. RESULTS AND DISCUSSION

A. Hardware Design Results

The hardware design consists of Arduino Uno,
HC-05 Bluetooth module, four-channel relay, and 5-
watt lamp. The implementation is shown in Figure 3.
This tool requires a transmitter module or a connector
from the controller to the Arduino microcontroller via
the Bluetooth HC-05 network as the transmitter. The

command signal from the controller, namely from a
smartphone connected to Bluetooth, will be
transmitted by the Bluetooth module HC-05 to the
Arduino Uno serial to receive commands from the
controller. The HC-05 Bluetooth module can transmit
data from the controller to the Arduino. It must first
be connected to a Bluetooth network.

Figure 3. Smart Light Implementation Simulation

The device requires a transmitter module or a
connection from the controller to the Arduino via the
Bluetooth HC-05 network as the transmitter. The
command signal from the controller, namely from a
smartphone connected to Bluetooth, will be
transmitted by the Bluetooth module HC-05 to the
Arduino Uno serial to receive commands from the
controller (Zhang et al., 2018). The HC-05 Bluetooth
module can transmit data from the controller to the
Arduino. It must first be connected to a Bluetooth
network.

The Bluetooth module HC-05 is connected to
the Arduino Uno by:

1. The VCC pin on the Bluetooth is connected to
the 5V pin on the Arduino.

2. The GND pin on the Bluetooth is paired with the
GND pin on the Arduino.

3. The TX pin on Bluetooth is connected to pin ~
10 on the Arduino.

4. The Bluetooth RX pin is connected to pin ~11 on
Arduino.

The four-channel relay is connected to the
Arduino Uno by:
1. The VCC pin on the relay is connected to the 5V
pin on the Arduino.
2. The GND pin on the Bluetooth is connected to
the GND pin on the Arduino.
3. The IN1 pin on the relay is connected to pin Al
on the Arduino.
4. The IN2 pin on the relay is connected to pin A2
on the Arduino.
5. The IN3 pin on the relay is connected to the A3
pin on the Arduino.
6. The IN4 pin on the relay is connected to the A4
pin on the Arduino.
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The lights are connected to each relay, and the
model of the house is used as a simulation place that
replaces the space in the house. In order for the tool
to work fully, it is necessary to connect all the circuits
that have been made so that the components and
modules can be connected (see Figure 4).

Figure 4. Overall Circuit

B. Results of Programming (Coding Process)

The Arduino Uno microcontroller can only
work and process data sent from the android
application if a program listing has been included.
The program entered into the Arduino is created and
uploaded using the Arduino IDE programming tools,
which functions to initialize which pins will be output
or input, changes the salt data sent from Android into
a logical "HIGH" or "LOW" command, which will
activate or deactivate the relay and initialize the
Bluetooth IP address, which will be the destination
address for sending data from Android (Mori &
Swaminarayan, 2021).

The Arduino programming language itself uses
the C programming language. This Arduino program
listing, known as a sketch, has two essential
functions, namely "void setup(){}" and "void
loop(){}" (see Figure 5). Making this Arduino
program begins by initializing which pins will be
used by the system.

@ sketch_jan00a | Arduine 1.815 — ] x

File Edit Sketch Tools Help

©0 HEH B
sketch_jan09a

void sstup{) { "~
// put your setup code here, to run once:

]

wvoid loop() {
Jf put your main code hers, to run repeatedly:

Arduino Uno on COM3

Figure 5. Sketch the main Arduino program
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After the program/coding has been made, the
program decompiles first to find out whether the
program created has been successful or not. The
program needs to be uploaded to Arduino Uno if it is
successful. If the program has been uploaded
successfully, check the Arduino serial monitor to
check whether the Arduino is connected to the
Bluetooth module (Puri & Nayyar, 2016). It can be
checked by giving a command on the smartphone. If
successful, the tool will work according to the
program provided.

C. Full System Control Test

The development of this system testing aims to
test the performance and the relationship between
hardware and software as a system application
program. With this test, it can be seen whether the
tools and programs created can work as desired. The
way the test is carried out is in hardware and software
testing. This test aims to determine the ability of
Arduino to process incoming commands from
Android at different distances.

Table 1 describes data retrieval within a
specified distance in an open room (without wall
obstructions) with a reasonable success rate from a
minimum of O meters up to a maximum distance of
25 meters. If we cross the limit of a maximum
distance of 25 meters, the application will error.

Table 1. Testing Control Distance Without Obstacle (Wall)

Person to-
Experiment to- Distance (meter)

12345
1 1m VA AN AN
2 4m VAN
3 7m VA A AN
4 10 m VA AN
5 12m VAN AN
6 15m VA AN
7 18 m VA AN
8 20 m VA AN
9 22m VA A A
10 25m XX YA XA X

Note: V= succeed
¥ = not successful

Table 2 describes indoor data retrieval
(obstacles against walls) with a good level of
testing from a minimum distance of O meters to a
maximum distance of 20 meters. If it exceeds the
limit of a maximum distance of 20 meters, an
error will appear in the application.
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Table 2. Testing Control Distance with Obstacles (Walls)

Table 3. Light Control Test with Voice Command

. . Person to- Place of Light Voice . .
Experiment to- Distance (meter) T 23435 No lamp _Status commands ObservationConclusion
1 im VA VAN Matikan Lights off ~ Succeed
NNV 1 Porch lampu teras
2 4m light Hidupkan | .
3 T NI Off lampu teras Lighton  Succeed
Matikan
4 10 m VA AN AN On  lampu  Lights off Succeed
Bedroom kamar
5 12m VA AN 2 light Hidupkan
6 15m NENENENEN Off Lampu Lighton  Succeed
amar
7 18m VA A AN Matikan
Livi On lampu Lights off ~ Succeed
8 20m VAN AN vVing utama
3 room Hidupkan
9 22m XX XXX light ¢ lampu Lighton  Succeed
10 25m YA A XX utama
Matikan
Ket: V= succeed Oon lampu Lights off.  Succeed
¥ = not successful 4 Kitchen dapur
light Hidupkan
Table 3 determines the accuracy of the control Off  lampu Lighton  Succeed
system and whether the lamp control system has been dapur
successful. If successful, the program uploaded to on  Matikan Lights off  Succeed
Arduino has been successful. If not, the program 5 All lights H?gmia
needs to be re-checked because the control system off AUPKAN ) iahton  Succeed
. semua
cannot process the given program. It means that the
problem is in the program.
Table 4. Testing Voice Commands with Distance
Voice command
Experiment Bluetooth Range Turnonthe  Turnonthe Turnonthe Turnonthe  Turn Desc
to- (meters) porch light room light main light kitchen light all '
Y N Y N Y N Y N Y N
1 1m V V V V l
2 4m y y v v v
3 7m V V V V l
5 12m \ N N \ N is on
6 15m v v v v v
7 18 m V V V V l
8 20m v v v v v
9 22'm V V v l V' Didnt
10 25m v v v N Y turnon
This work is licensed under a Creative Commons Attribution 4.0 International License. 15
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In Table 4, to determine the level of accuracy
of the flight control system, testing the user's range
with a voice control system with a range of 1 meter to
25 meters is carried out. The control system and tools
will respond to voice command up to 20 meters. If the
distance exceeds 20 meters above, the control system
cannot respond to voice commands.

IV. CONCLUSION

The design of electrical installations (turning
on or off the lights) based on IoT (voice commands
via Android using Bluetooth) has been successfully
made. The application can function adequately,
replacing the switch function in turning on or off the
light. Programming for Arduino Uno using the
Arduino IDE application as a source code generator
has been successfully created. The results for the
work of the brilliant light with the Arduino
application via Bluetooth are already working
according to their function.

Tools and programs were made to replace the
switch function and make android smartphones a
control medium for controlling lights at home
wirelessly using Bluetooth communication media.
With the limitations of the control distance and the
number of controls, the author hopes that it will be
developed in the future. Such as expanding the control
distance, which is not only the house's scope but can
also use the internet as a control medium.
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