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One of the user interface problems in an internet of things (loT) system is
influenced by monitoring which is easy to access, flexible and efficient in its
use, has been discussed a lot but the problem is still unresolved, one solution
to this problem is by presenting the Adafruit mqtt, which by using the mqtt
Adafruit user interface for monitoring on an internet of things system can
facilitate control and remote control. In this case the use of Adafruit mqtt is
used to monitor electrical loads and improve power factor. This research
presents an internet of things system that is capable of monitoring electrical
load and improving power factor that already uses the Adafruit mqtt as its user
interface. The method used is through the Analysis, Design, Development,
Implementation, Evaluation (ADDIE) approach. The results showed that this
system is feasible to use because based on the experimental results this system
is able to work well and provide convenience for users and can monitor in real
time current, voltage, energy, frequency, power factor, real power, apparent
power, and reactive power. only by using smartphones, laptops, tablets, or
computers. It is hoped that in the future this research will be able to continue
to be developed so that the use of electrical energy in industry can be much
more effective and efficient.
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1. INTRODUCTION

This research presents an internet of things system that is capable of monitoring electrical load and
improving power factor that already uses the Adafruit mqtt as its user interface[1], starting from the architecture
globally then developed into a prototype and realized in the form of a system that can be used as a tool for
controlling and monitoring the use of electric loads and repairing power factors in real time using NodeMCU
ESP32 [2] and the Adafruit server where users can later control and monitor the use of electronic devices at
home using only their smartphones [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 and can even be controlled remotely using the internet.
[4] The method used is through the Analysis, Design, Development, Implementation, Evaluation (ADDIE)
approach, namely by studying the literature [5] 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, all suggestions
for improvement are used as an evaluation for improving this system [6], 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 [7], users only need to enter the Adafruit website, this is of course much easier and
more flexible in use [8], unlike in previous studies that have been done, the user must download a software or
application first and this system is also equipped with the use of sensors so that this system can work more
efficiently [9].

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 [8][10]. The Internet of Thing is a concept
whereby an object has the ability to transfer data over a network without requiring human-to-human or human-
to-computer interaction [11]. 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 [12][13]. In it’s
development, the internet of things has modernized many electronic equipment that still has a conventional
system, which has been converted into an embedded system [14] a program with a certain algorithm to be
controlled, monitored, or monitored remotely [15].

NodeMCU is an open source loT platform [16]. It consists of hardware in the form of the ESP32 on-chip
system made by Esperessif System [17]. NodeMCU can be analogous to an Arduino board connected to ESP32
[18][19]. 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 easy when we learn
to create an 10T system that requires a wireless connection [13][20]. 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 [21][22].

MQTT is a standards-based messaging protocol, or set of rules, used for machine-to-machine
communication. Smart sensors, wearables, and other Internet of Things devices typically must send and receive
data over networks with limited resources and bandwidth. Adafruit is a provider of MQTT server services for
the Internet of Things [23], 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 is that users are not charged when creating an account
and using it as a server to be connected to NodeMCU ESP32 [24].

In this research to find out the position of the research to be carried out based on the results of previous
research and to consider gaps and novelty or what is known as novelty. In this research, to map and visualize
existing research using the help of Vosviewer software, the way this software works is by bibliometrically
analyzing research data that already exists and has been published and then taken from indexing databases, for
example taken from Google Scholar, Scopus, Web of Science, and others [25]. To find out research
developments that are in accordance with this research topic, previously taking 400 journals in the last 10 years
from 2012 to 2022 with the main topic “Internet of Things” [26] from the Google Scholar database, the
visualization results show that research developments with the main topic “Internet of Things” in the last 10
years has led to 64 research topics which can be seen in Figure 1 and one of the highest focuses is research
with industry main topics in 19 published journals which can be seen in Figure 2 [27].
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Figure 1. Visualization results on vosviewer with the main topic Internet of Things
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Figure 2. Visualization results on vosviewer with the main topic Industry

Based on the results of the analysis using the help of VVosviewer software, there are 5 topics that are most
relevant to this research, but in general no one has yet used the user interface with mqtt Adafruit [28], the

resulting visualization can be seen in Figure 3.
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Figure 3. The results of visualization analysis on vosviewer
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2. METHODS

The research method used is the ADDIE approach (Analysis, Design, Development, Implementation,
Evaluation) as shown in Figure 4. This method is a method that is widely used to produce a product or industrial
tool. The product made in this case is a tool so that this research will fit the ADDIE approach [3][21].
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Figure 4. The research method
Based on Figure 4 explained the research method:

1.  Stages of analysis

The analysis stage is the first step in this research, namely by conducting a literature study observing,
comparing and reviewing the results of previous research that has previously been made and published in
national and international journals, in this research the literature study stage is assisted by using software
assistance vosviewer where the results of the analysis on vosviewer are used as a reference and
recommendation to determine research gaps and research novelty, based on the results of the analysis on the
vosviewer software it shows that in several similar studies there has not been a study using the Adafruit mqtt
which is used as a user interface for its utilization in load monitoring electricity and power factor improvement.
Next determine the formulation of the problem that will be a reference and follow-up action of this research.

2. Stages of design

The design stage is a follow-up stage from the results of the literature study and the results of the problem
formulation that have been predetermined, at this stage a system architecture is created that connects each core
component of the tool to be made, there are three core parts to the system architecture, namely the first
component of the user or user , both the cloud and mqtt components, and finally the three components on load.
Then determine what materials will be used in this study, some of the core materials that have a major role in
this system are the PZEM-004T module, NodeMCU ESP32, Relay, and Power factor correction capacitors.

3. Stages of development

This development stage is a continuation of the process from the design stage, in which the results of the
next design stage will be executed by making the tool, in the early stages of making this tool an experiment
was carried out using only one relay intended for only one load but after successful use one relay is then added
to four relays intended for four loads.

4.  Stages of implementation

This implementation stage is the next stage after the development stage was previously carried out, the
tool that was previously made is entered at the implementation stage to be tested and implemented on the
electrical load, this trial stage is important because it is to find out whether the tool can work and function as
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expected or not, then also tested the user interface whether it can be displayed on the Adafruit mqtt dashboard
so whether the measurement results from the PZEM-004T module can display the measurement results of
Voltage, Current, Real Power, Apparent Power, Reactive Power, and Power Factor or not, also tested on loads
that are inductive and have a power factor of less than 0.85 will be corrected by attaching a capacitor to the
load so that the power factor rises to close to one.

5.  Evaluation stage

The final stage is to evaluate, namely to carry out analysis and calculations with tool testing
instrumentation, instrumentation testing is carried out by testing the tool with the same load but comparing the
measurement results between the measurement results from this tool and the measurement results from
standard factory tools that are commonly used, the results What has been obtained is then analyzed whether it
is as expected, and provides recommendations and suggestions for further research.

2.1. System Architecture Design
Based on Figure 5, it describes the system architecture components:

1. Components on the user or users

Components on the user or user section can also be called the user interface section where in this
component the user can monitor or improve the power factor by using his computer, laptop, smartphone or
tablet as long as he can connect with good internet access then this can be done so that technicians do not need
to go to the control and monitoring panel but can be done anywhere only with the help of devices owned by
the user or users, so that this can make it easier and increase efficiency for technicians to monitor and improve
power factor.

2. Components on the internet system

Components on the internet system are one of the core components whose role in this case is to connect
between the user component and the electrical load component, using the Adafruit mqtt later the user or user
can monitor electrical loads such as Voltage, Current, Real Power, Apparent Power, Reactive Power , and
Power Factor through the dashboard display, you can also make improvements to the power factor by turning
on the relay connected to the power factor correction capacitor remotely with the pushbutton available on the
dashboard.

3. Components in the electrical load section

The components in the load section consist of the core materials of this tool, namely NodeMCU ESP32
which becomes a microcontroller and also acts as a liaison which later sends measurements from the PZEM-
004T module to the Adafruit dashboard so that it can be displayed on the user interface. The PZEM-004T
module is a multi sensor. functions that can be used to measure Voltage, Current, Real Power, Apparent Power,
Reactive Power and Power Factor [29][30]. AC 220V relay is a material used to turn on and/or turn off power
factor correction capacitors that have been connected to the relay.
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Figure 5. Architecture System

2.2. Flowchart of Tool Use
Based on Figure 6, the first step that must be done is to create an Adafruit account first, then the
preparation that must be done is to turn on the device by pressing the ON button, after the device is turned on
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then do the creation and checking of the program that was created before, this tool uses a program in the
Arduino IDE software which then if the program has been created, the final step is to upload the program to
the ESP32 nodeMCU.
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Figure 6. Flowchart of tool use

2.3. Settings Account Adafruit With Nodemcu Esp32

The AdaFruit company is a website-based Internet platform pf things which is 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. By using Adafruit, users do not need to download applications or other supporting software.
need to open an available website, the steps that must be taken to be able to set up NodeMCU ESP32 with the
AdaFruit server can be seen in Figure 7.

1. Create an Account 2. Creating a 3. Connecting AIO
on the Adafruit |—» dashboard on with NodeMCU
website Adafruit ESP32

Figure 7. Setting Adafruit

3. RESULT AND DISCUSSION
3.1. Make a Dashboard Display for the User Interface Using MQTT Adafruit

Adafruit is a provider of MQTT server services for Internet of Things, this service can be used to make
NodeMCU ESP32 controllable remotely using subscribe and publish facilities. Without the need to use other
applications or software, users only need to access the available website. The advantage of Adafruit is that
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users are not charged when creating an account and using it as a server that can connect with NodeMCU ESP32.
In Figure 8 is the dashboard that has been made.

%dafruit Devices Feeds Dashboards Actions Power-Ups o
IrgiSurya / Dashboards / STE IRGI SURYA
TEGANGAN (V) ARUS (1) FAKTOR DAYA (Pf) Channel 1 Kapasitor 15 VAR/UF
Volt ‘ Ampere ’ Cosphi Channel 2 Kapasitor 45 VAR/3uF
0 1000 (1] 100 0 1
DAYA SEMU (S) DAYA NYATA (P) DAYA REAKTIF (Q) Channel 3 Kapasitor 60 VAR/4uF

OFF
79.19 ‘ 29.3 ’ 73.57
VA Watt VAR Channel 4 Kapasitor 75 VAR/SuF
OFF

Figure 8. Display dashboard on Adafruit MQTT

3.2. Make a Tool Wiring Drawing

Based on Figure 9 for the wiring of the device, it can be seen in the study that 4 relays were used which
were later connected in parallel with the power factor correction capacitor, the 4 relays were intended for 4
capacitors of different sizes, namely 15 VAR, 45 VAR, 60 VAR and for 75 VAR depends on the needs of the
installed load.

.

NodeMCU ESP32

Tranformer

Adapter AC 220toDC 5V

Figure 9. Wiring drawing

3.3. Limited Testing

System testing is carried out by making a prototype using 4 lamps each connected to the Adafruit 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, as well measure the
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server response on the monitoring display displayed on the Adafruit 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

Wifi Internet Speed (MBPS) User Internet Speed (MBPS) Delays (S)
21-30 11-15 0.5
11-20 6-10 1
0-10 0-5 2

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.

4. CONCLUSIONS

Based on the results of the tools that have been made and limited instrumentation testing, it can be
concluded that the results of limited instrumentation testing indicate that there is a delay of 0.5 to 2 seconds
between the reading of the PZEM-004T module and the user interface display on the Adafruit dashboard, this
occurs due to network factors the internet which is very influential on the speed of data transmission, based on
the test results also show that this tool can work in real time as long as it can always be connected to an adequate
and good internet network. The Adafruit mqtt display dashboard as a display user interface can work well and
is easy to use, an attractive display to look at can also be used on digital devices that support good internet
access such as smartphones, laptops, computers or tablets. Users do not need to be bothered with software or
applications that must be downloaded first because they only need to access the Adafruit website to monitor
them, so that it can make it easier for user.
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