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Abstract—This study presents the development of a smart laboratory using the Internet of Things (IoT) intelligent system
technology to control electronic devices, especially air conditioners (AC). The AC in the laboratory is a device that consumes
very high electrical power. Human resources personnel who use the laboratory often forget to turn off the devices after use.
The problem is high electricity costs due to forgetting to switch off devices. This study solves this problem with an loT-based
intelligent system to control laboratory facilities by utilizing the Blynk App. Blynk is an Android-based open-source software
that can connect with ESP32, so control can be done easily anywhere and anytime. In this study, a prototype IoT control system
was developed that allows users to control and monitor equipment via the internet automatically. This study uses ESP32
technology, where an Arduino device is used as the receiver connected to Wi-Fi, and a microcontroller is used as an automatic
control. ON/OFF control using 220v 30A relays as many as four pieces. Test results from this study showed that the device
provides a response time of 1 second to respond to commands, and the four relays installed successfully controlled the devices.
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1. INTRODUCTION

The term Internet of Things (1oT) was first created by Kevin Ashton in 1999, a man with a supply management
working background. 10T is expected to affect everything, from industry optimization to new product opportunities
to escalating efficiency in human resources to support the performance of management and workers [1][2]. loT
represents the ability of network devices to sense and collect knowledge from the environment, and this knowledge
is then shared via the internet, which can be processed and used for various applications such as smart homes,
healthcare, storage warehouses, etc. [3]. 10T is also a communication paradigm that connects everyday objects to
the internet. These objects are connected to microcontrollers and receivers to communicate and are configured
with protocol procedures for communication interactions to occur without human intervention. This pattern is
suitable for interactions with various devices such as AC, drones, alarms, robots, computer devices, network
devices, and other electronic devices [4]. This concept is called Smart House, which connects electronic devices
to the internet so that communication interactions are controlled through applications or software[5].

As universities grow yearly, issues such as energy efficiency and new management emerge. Managing
resources in institutions poses a significant challenge. The inability to monitor and control unused devices that
continue to consume power in the absence of people is also an important issue. Furthermore, the coordination
problem with users is tedious because of the underestimation of resources. Another problem occurs in power
management. It is hard to monitor all electronic devices, but energy will be wasted if this is left alone. Furthermore,
there is no monitoring of the status of the device. To overcome these problems, 10T technology is one of the
appropriate methods [6].

This research initiated the building of an 10T Smart System implemented in a computer laboratory. This
system aims to activate and deactivate devices with system control and 10T cloud application tools anywhere and
anytime in the palm of your hand. This system also monitors the device's status to see whether it is active. So that
the expected resource management is achieved [7]. 10T is believed to increase remote monitoring, energy
efficiency, and control of productivity and physical assets through various applications, such as home security to
monitoring conditions on the industrial floor. The general description of 10T is the involvement of RFID, WIFI,
and Bluetooth technologies that have helped develop loT [8].

Previous research about the Internet of Things, such as the Prototype of Remote Control of Lights and AC
with an Internet Network Using the Telegram Application Based on Nodemcu Esp8266 using NodeMCU ESP8266
and a control system using Telegram. The test results show that all devices in the Prototype function properly.
Although there is a response delay of about 1-3 seconds on devices controlled via the Website due to unstable
internet connection and electric current, the results of device sensor detection remain accurate [9]. A prototype is
created by utilizing Blynk Cloud Technology in a Home Light Socket Control System Based on an Android
Application using NodeMCU ESP8266 and the Blynk Android application as a control or monitoring tool. The
test results of this prototype of the whole tool work well. The tools controlled via the website experience delays
caused by unstable internet and electricity networks.

Meanwhile, the detection results of the temperature sensor device can be sent to the database server
accordingly [10]—implementation of 10T (Internet of Things) technology on smart homes based on the ESP8266
microcontroller. This study concludes that 10T (Internet Of Think) technology is very suitable because it can cover
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a wide area. Even though the homeowner is not in place, this can be accessed anytime and anywhere, making it
easier for users [11]. The research designs and develops an intelligent and multipurpose 10T embedded system
device using an ESP32 microcontroller [12]. With the increasing popularity of loT devices, the ESP32
microcontroller offers an efficient and cost-effective solution for a wide range of embedded system applications
[13].

2. RESEARCH METHODOLOGY

2.1 ESP32

The ESP32 microcontroller is an integrated SoC (System on Chip) microcontroller with Bluetooth version 4.2,
Wi-Fi 802.11 b/g/n, and various peripherals. ESP32 is a reasonably complete chip with a processor, storage, and
access to GPIO (General Purpose Input Output). ESP32 can be used to replace Arduino circuits. ESP32 can support
direct WI-FI connection (Agus Wagyana, 2019). The specifications of the ESP32 are as follows: This board has
two versions, namely 30 GPIO and 36 GPIO. Both have the same function, but the 30 GPIO version was chosen
because it has two GND pins. All pins are labelled on the top of the board so they are easy to recognize. This board
has a USB to UART interface that is easy to program with application development programs such as Arduino
IDE. Board resources can be provided via a micro USB connector [14].

This study used a four-channel relay board type 220v 30A, also called an 10T kit. This research installation
is located in the Smart Laboratory of PGRI Wiranegara University; in terms of infrastructure, this laboratory
already has a Wi-Fi connection to support this development. Before using these four 30A relays, researchers used
ESP8266 and eight 10A relays. However, in reality, the 10A relay is not recommended by practitioners because
the power of the controlled device is also very high. Likewise with ESP8266, by considering along the way, a
more sophisticated microcontroller was found, namely ESP32.

These 10T kits will be made into four packages, namely for two AC units with a power of 1900 watts, 2 PC
Power Sources, and a network of around 1800 watts. These four packages will later be connected to ESP32 using
a power cable. The circuit design can be seen in Figure 1. In Figure 1, it is explained that four relays are connected
to the ESP. The four relays are Relay 1, connecting to the PC1 terminal; Relay 2, connecting to the PC2 terminal;
Relay 3, connecting to Air Conditioner (AC) 1; and Relay 4, connecting to Air Conditioner (AC) 2. At the same
time, the AC Power pin from each ESP connects to each power provision. The load is used as an electrical load
breaker according to its instructions. Keempat relay tersebut divirtualkan dengan tombol, sehingga pada rangkaian
ini juga terdapat 4 tombol yang mana tombol ini akan dijelaskan pada Aplikasi Blynk.
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Figure 1. ESP32 4 Relay Circuit
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2.2 Arduino IDE

Arduino IDE (Integrated Development Environment) software is a built-in Arduino application that can control
open-source single-board micros built to facilitate users. Arduino software can create, open, compile, and upload
programs to the Arduino board. The Arduino IDE application is designed to make it easier for users to develop
various applications. Arduino IDE uses the C/C++ language for programming with complete functions so that it
can be reviewed by new users [15].

By utilizing the 10T cloud, researchers still need to configure Arduino. In other words, the Blynk 10T cloud
application uses a front-end configuration. So that the back-end configuration is still carried out so that Blynk and
ESP32 can communicate successfully.

Copyright © 2024 The Author, Page 305
This Journal is licensed under a Creative Commons Attribution 4.0 International License


https://ejurnal.seminar-id.com/index.php/josh/
https://creativecommons.org/licenses/by/4.0/

m===—== Journal of Information System Research (JOSH)
b Volume 6, No. 1, Oktober 2024, pp 304-311
s. ISSN 2686-228X (media online)
S https://ejurnal.seminar-id.com/index.php/josh/
DOI 10.47065/josh.v6i1.5908

~ETTT

Figure 2 shows some source code from the ESP32 program in the Arduino IDE. The most important
requirements for building the program are the code from Blynk and the registered Wi-Fi. In contrast, the relay and
button pins correspond to the relays needed. The four relays are virtualised with buttons, so in this circuit there are

also 4 buttons which will be explained in the Blynk Application.

D PROGRAM_ESP32 | Arduino 1.8.19
ile Edit Sketch Tools Help

PROGRAM_ESP32 §

fdefine BLYNK_PRINT Serial
t{define BLYNK_TEMPLATE_ID "TMPL&S9HleSQk"

fdefine BLYNK_TEMPLATE NAME "Monitoring IOT"

fdefine BLYNK_AUTH_TOKEN "H -E2ADd xeYt35GaMl1HyvKdpWK5cJK"

tinclude <WiFi.h>
finclude <WiFiClient.h>
tinclude <BlynkSimpleEsp32.h>

"PROJEK"; //Ganti Dengan SSID WiFi mu
"PROJEK123"; //Ganti Dengan Password WiFi mu

thar ssid[] =
thar pass[] =
pinRelayl = 21;
t pinRelay2 = 19;
t int pinRelay3 = 18;

ronst int pinRelayd = 5;

»o0l button_1;
»o0l button_2Z;
»o0l button_3;
»o0l button_4;

Figure 2. Application Source Code on Arduino IDE

2.3 Relay

Relay is an electrical component. It works based on the electromagnetic field induction principle. If a conductor
is flowed by an electric current, then a magnetic field arises around the conductor. The magnetic field produced
by the electric current is then induced into the metal of ferromagnetic. The first inventor of the Relay was Joseph
Henry in 1835 [16].

The cooperation principle with the magnetic contractor is the same as the magnetism produced by the coil
when a power source is given to the coil. Based on the incoming power source, the Relay is split into two types:
DC and AC. The amount of DC voltage entering the relay coil varies according to the size listed on the relay body,
including relays with a voltage of 6 Volts, 12 Volts, 24 Volts, and 48 Volts, while for AC voltage of 220 Volts.

An example of the shape of the relay is shown in Figure 3. The relay is a 30A relay used by researchers.
The Relay contains a coil and a contact; the coil is a wire reel that receives electric current, while the contact is a
type of switch whose movement depends on the presence or absence of electric current in the coil. There are two
types of contacts. The first is Normally Open (initial condition before being activated is Open), and the second is
Normally Closed (initial condition before being activated is Closed). In simple terms, the following is the working
principle of a relay. When the coil receives electricity (energized), an electromagnetic force will arise, which will
pull the spring-loaded armature, and the contact will close.
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Figure 3. Relay 30A
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2.3 Blynk

Blynk is an Android and iOS platform operating system that can power ESP8266 modules, Raspberry Pi, Arduino
modules, and other devices via the internet [17]. Blynk is connected to Arduino with a token and Wi-Fi
configuration to run communication. Blynk can communicate if the ESP32 or Arduino is given the required
configuration or source code. If the source code is not provided, then Blynk cannot be used. Arduino is configured
with C language to translate communication commands with the receiver.

At the beginning of its appearance, Blynk came with an application called Blynk Legacy. Then, in May
2021, the developer officially announced that the application was no longer being developed. Instead, the
application developer launched Blynk 2.0 or Blynk 10T [18].

An example of a Blynk App is shown in Figure 6. The Blynk application allows the developer to make a
project interface with various components of input-output that support sending and receiving data and presenting
data according to the selected components. Data representation can be in the form of graphs or visual numbers.
Blynk is a cloud-based back-end service facility responsible for managing communication between smartphone
applications and the hardware environment. Blynk Library can be used to help develop source code [19].

2.4 Prototype Model Development

In general, the methodology used in this study is the method of prototype. The prototype in this study is applied
because the technique for describing a structured system has several processes that must be passed in its creation.
The prototyping model is one of the software development methods, and it is the initial version of the system.
Implementing this method allows users to interact at every stage of information system development [20]. The
study utilizes the 10T cloud application, namely the Blink 10T application, to develop this research. Blynk was
chosen because the facilities from Blynk meet the needs of this research.

Figure 4. Prototyping Method [21]

Figure 4 explains the sequence of the prototype development model used in this study. This prototype
development model is used by researchers because of the advantages of the prototype model which is easy to adjust
to users if there is an inappropriate development. According to Figure 4 [22], the stages in the prototyping process
are as follows:

1. Requirement Gathering
In this stage, customers and developers will collaborate to formulate the overall format of the software,
determine all the requirements, and determine the system to be developed. The application of this research is
to determine the materials, tools, and software needed in this development and the design of the system to be
developed.

2. Prototype Development
Prototype development involves creating a temporary design that is focused on the initial design. At this stage,
what is input, process, and output is declared. In this activity, the researcher assembles esp32 and relays and
connects it to the power source cable, then integrates it with the Blynk and connects it to the device.

3. Prototyping Evaluation
At this stage, the researcher evaluates the prototype; the obstacle found is the use of Wi-Fi, which must be
stable. So, the researcher created a special SSID for this study.

4. System Codification
The approved prototyping will be implemented into the appropriate programming code with the Arduino IDE
platform.

5. System Testing
After the software is developed, testing must be carried out before use. This research uses a black box function
test.

6. System Evaluation
The researcher will evaluate the system to ensure it meets their expectations. The following process will
continue if the system has met expectations. However, if deficiencies exist, the system will be tested and
accepted again for repair and retesting.

7. System Use
After the software has been tested and is successful, it is ready to be used.
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3. RESULT AND DISCUSSION
3.1 Designing Prototype

At this stage, the design and making of prototypes are carried out based on user information. Based on the results
of the analysis, a block diagram design is made; this block diagram is made to plan the hardware according to the
specifications and working methods of the system to be made so that it is expected to be able to save time, costs
and energy [23].

Figure 5 is a block diagram of the development of this research. The input of this development is Blynk
Trigger. This Blynk trigger has 4 buttons shown in Figure 7. The Blynk trigger button will forward to the ESP32.
Then ESP32 forwards the command according to the controlled button to the relay. When the relay gets the
command, the relay will forward to the terminal which is the output. So that these four terminals will be able to
ON/OFF according to the command from Blynk Trigger.

Input Process Output
RELAY 1 Terminal PC 1
) RELAY 2 Terminal PC 2
Blynk Trigger Ep3) () IE ) =
RELAY 4 AC2

Figure 5. Block Diagram of Monitoring Control System

The steps in development using this prototype model are:

1. Requirement Gathering
The needs in this study are:

ESP32 Development Board

Relay Module 5V 1-Way 30A

Black Box 18x11x6

Adapter 5V 3A Switching Adapter 15W

Toggle Switch MTS-102 125V/3A 250V ON ON Switch 3-Feet
f. Power Cable 2x1.55mm

2. Prototype Development
At this stage, researchers assembled the ESP32 by connecting relay components, toggle switches, and power
cables to become an ESP Dev Kit. Figure 5 shows these stages become inputs, processes, and outputs. ESP32
will detect input in the form of commands from Blynk as input. ESP32, as a receiver, is then sent to the relays,
in this case as a process, and the output of this research is the on/off command, which is carried out.

3. Prototyping Evaluation
After becoming an ESP Dev Kit, the next step is to test the power on-off circuit with the indicator on the Relay.

4. System Codification
At this stage, programming is done on the Arduino IDE to connect ESP, Wi-Fi, and Blynk. The needs at this
stage are stable Wi-Fi and code from the Blynk system, where Blynk is open source so that the code can be
found easily.

5. System Testing
The prototype is tested using a black box function test at this stage. That is, the four buttons have functioned
as expected.

6. System Evaluation
At this stage, the researcher improved the Wi-Fi because it was found that the Wi-Fi was unstable, so a special
SSID was made for this research.

7. System Use
At this stage, the prototype can be used following expectations.

This ESP32 requires stable Wi-Fi to establish communication between Blynk and ESP32. In this study, the
ideal specification was found to be 30V, which previously used 10V; it turned out that there was heat on the
installed cables due to the device's reasonably high load. This study also found that the appropriate NODEMCU
or the best technology today is ESP32, which researchers also tried with ESP8266, but communication was not as
fast as ESP32. When ESP32 receives a command, it will instruct the Relay that is ordered to turn on the device.
This research has four types of outputs: Terminal PC 1, which covers the power source from 10 computers, and
Terminal PC 2 and Air Conditioner; AC1 and AC2, which have a power of 1900 watts.

Figure 6 shows the circuits worked on by researchers, namely the ESP32 circuit with 4 relays with each
relay with a capacity of 30A and the ESP8266 circuit with 8 channel relays each with a capacity of 10A.

PoooTe
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Figure 6. ESP32 4 relay circuit and ESP8266 8 relay circuit
3.2 Implementation

From the components above, the circuit shown in Figure 7 is produced. In Figure 7, it explains the ESP32 circuit
with 4 relays with each relay having a capacity of 30A. ESP32 is a microcontroller with a Wi-Fi feature utilized
in this study. ESP32 is installed with Arduino IDE, configuring with the source code shown in Figure 2. The most
essential thing in this configuration is Wi-Fi and token, where both features play a role in communication on the
ESP32. Parallel to the configuration, Blynk is also configured with its user interface; using Blynk is very easy, but
paying attention to the naming of variables is also necessary. The suitability of the naming of variables and source
code is also no less important in the success of this device.

ESP32 Board

Relay 1 Tambgl 1 (source 1)

Relay 4 Tombol 4 (AC2)

Relay 2 Tambagl 2 (source 2) Rala T ST
elay ambo!

Figure 7. The Results of 10T Tool Design

This circuit works because Relay 1 is connected to the power source for PC laboratory 1. The Relay is used
to connect or disconnect the flow of electricity to the load (PC laboratoryl). The cable from the 220v source is
connected to the relay leg "COM", and the cable to the Load (PC laboratory1) is connected to the "NO" leg. When
the application is selected "ON", the ESP will send a signal to the Relay to connect the "COM" and "NO" legs;
finally, the electric current flows from the source to the load. And vice versa. This procedure is also done on Relay
2, Relay 3 and Relay 4.

The design of Blynk can be seen in Figure 8. Making a user interface on Blynk is easy with drag and drop,
so it can be easily learned. Nevertheless, how Blynk can communicate with this ESP32 requires a programming
configuration, as shown in Figure 2. Stable Wi-Fi must also support Blynk's communication needs; previous
researchers have experienced Wi-Fi problems, so if stable Wi-Fi is found, Blynk communicates quickly and
responds quickly. In Figure 6, the buttons are designed based on the relays. The ON/OFF button is then instructed
to signal the device.

e oo o oo

EEID e
Figure 8. Blynk Layout Design
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How the Blynk App works is :
1. Hardware Setup : Firstly, hardware such as ESP32 is configured with Blynk code by Arduino IDE that

connects it to the Blynk server.
2. Creating Dashboard  : Users then create a dashboard in the Blynk app by adding widgets as per their needs.
3. Connecting . After that, the hardware and mobile app are connected through the Blynk server, and
users can monitor and control their hardware remotely.

3.3 Hardware of 1oT and Blynk Test Result

From the design of the 10T hardware, we can communicate smoothly, stably, and responsively. This test uses a

black box function test. This test examines the response to the ESP32 and Relays when Blynk is instructed, as

shown in Table 1. Table 1 describes the 4 relays with 4 buttons functioning as expected with an average repson

speed at 1 second. The feature test results in table 1 briefly explain that :

1. Button 1 successfully connected ON/OFF to Relay 1 to control computer terminal 1 with a response time from
Blynk command to ESP-Relay of 1 second.

2. Button 2 successfully connected ON/OFF to Relay 2 to control computer terminal 2 with a response time from
Blynk command to ESP-Relay of 1 second.

3. Button 3 successfully connected ON/OFF to Relay 3 to control AC 1 terminal 3 with a response time from
Blynk command to ESP-Relay of 1 second.

4. Button 4 successfully connected ON/OFF to Relay 4 to control AC 2terminal 4 with a response time from
Blynk command to ESP-Relay of 1 second.

Table 1. Hardware and Blynk Test Result

Name Of Relay ON OFF Time
(second)
Relay 1 (Terminal PC 1) success  success 1
Relay 2 (Terminal PC 2) success  success 1
Relay 3 (AC 1) success  success 1
Relay 4 (AC 2) SuCCess  success 1

Figure 8 shows the log of the successful connection of the Blynk App with ESP32. This makes it easy to
monitor whether the ESP32 and Blynk App are connected or not. When the ESP32 is successfully connected to
the Blynk cloud, the app logs this as "Online,” indicating that the device is communicating properly. If it's
"Offline," it means there's no connection between the ESP32 and the app, possibly due to network issues, power
problems, or a disconnection from the Blynk server.

Notifications @
7 Sep 2024 =

- CDEDCD

Offine.

Figure 8. Blynk and ESP32 Connection

4. CONCLUSION

This loT-based intelligent system for laboratory facility control can be implemented into various electronic devices
that need to be controlled. The weakness in the Internet of Things is Wi-Fi; if the Wi-Fi is stable, the device can
respond quickly and communicate appropriately; if it is unstable, it is slow to respond and not connected. Trials
were conducted on 4 Relays that successfully controlled the specified device. Control of the device can be done
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anytime and anywhere by a smartphone installed with Blynk with a condition account ESP32 to get stable Wi-Fi
and the specified Wi-Fi. So, the speed at which ESP32 responds to triggers is very fast, and there is no delay.
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