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Abstract: A filling machine or commonly called a filling station is a machine used to fill materials into bottles at industrial factories. This
machine will automatically fill the material into the bottle and then proceed to the next process. At this time the filling machine is still
operating with technology 3.0 which causes the machine to still be operated directly through the control panel so it is less effective. One
of the technologies that can make these machines effective is the Internet, also known as the Internet of Things (10T). Therefore, in this
research, an 10T system design was created which aims to streamline the monitoring and control of workstations. Utilizing the MQTT and
ESP32 communication protocols as controllers and 24VDC relays as a bridge for giving and reading signals from the PLC. The results of
the research conducted by the system can already monitor and control the station through the Blynk application with an input control delay
of 0.0129 seconds while the output reading is 0.012575 seconds and the hopper level notification alarm feature functions when the hopper

level is in low level condition, and the system will send an alarm notification to the user.
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1. Introduction

In the bottle filling process in the industrial world, an
automation system is used which actually shortens the
production process and increases company profits[1]. As
technology develops, industrial automation systems require
PLC technology to make the production process flexible[2].
One technology that can streamline the production process
is the Internet or also known as the Internet of Things
(1oT)[3]. The need to monitor and control the station
remotely via the internet (I0T)[4], so it is necessary to
develop a system that can retrieve data, monitor and control
the processes running at the station[5]. With IloT
technology, monitoring and control can be done remotely
and must use the internet as an access medium[6]. This loT
system has several advantages including, not bound by
space and time so that it can minimize the occurrence of
production failures. This is an opportunity to develop and
improve production quality[1]. In this research, the
monitoring system applied is to monitor the mobile bottle
filling process[7]. With the urgent need for station
monitoring quickly and efficiently[2], it is necessary to
create a mobile android-based monitoring system,
especially with an interface design that can display station
process simulations and provide indicators and control of
the running plant.
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2. Literature Review

The monitoring and control process was previously carried
out using a computer[1]. The communication protocol used
in the system is Modbus serial RS485 and has a response
time test result of 2.6 seconds with a maximum cable length
of 100 meters[8]. In addition to the RS485 serial Modbus
protocol, the bluetooth communication protocol can be used
to connect between the controller and smartphone, using a
microcontroller as the controller. From this method, a
connection with a maximum distance of 15 meters is
obtained. Of course, this is a weakness in terms of range
because it has a very limited range[9]. In other studies using
NodeMCU as the controller which is used to connect
between hardware and software[10]. As technology
develops, the development of loT systems applied to PLCs
is carried out by researchers. The application of the system
is carried out on a garbage transporter where monitoring and
control are via email[11] with the help of NodeMCU as the
controller. It can be concluded, from the discussion of
previous research, that loT systems cannot be applied
directly to PLCs without the intermediary of
microcontrollers and the internet. To be able to monitor and
control via a smartphone, a communication system design
and an interface connected to the internet are needed[1].

In designing a mobile monitoring and control system at the
filling workstation[12] using the MQTT (Message Queuing
Telemetry Transport) protocol[13]. The PLC connection is
carried out so that it can be connected to the application[12]
by using relays as output readers and input providers. In this
study, the HC-SR04 ultrasonic sensor[14] was added as an
additional feature which will monitor the material content in
the station hopper. ESP32 as an intermediary for sending
data between[15] ultrasonic sensors[14], PLC and
applications. For the data storage system using the Firebase
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platform[16]. With this system, it is expected to produce an
android-based application system to monitor and control the
production process effectively and efficiently and make it
easier for users to find out the time to refill the material in
the hopper if the hopper fill indicator reaches 10%.

3. Proposed Work
3.1. System Development Method

Number equations consecutively with equation numbers in
parentheses In designing the loT-based Filling Station
Control System, the author uses the Software Development
Live Cycle (SDLC) waterfall model to develop the system.
This method is carried out systematically and sequentially
(cascade), to be able to carry out the next step, must wait for
the previous step to be completed. This method is linear,
with the initial stage being planning and the final stage being
maintenance. The next step will not be carried out until the
previous step is completed, and it is impossible to return or
repeat the previous step[17].
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Fig 1. Stages of the Waterfall Method

a. Analysis, at this stage the researcher observes the
filling station, including analyzing the needs and
collecting research data.

b. Design, user interface design using Blynk software,
communication system between ESP32 and PLC
using the MQTT protocol. This stage includes
designing programs and application systems,
creating databases and designing ESP32 and PLC
communications.

c. Implementation, applying the design that has been
made on software and hardware.

d. Testing, this stage is carried out in order to find out
whether the system is working properly or not.

e. Maintenance, this stage is maintenance when using
features that need to be repaired. This step is taken to
fix errors when the target or user accesses the
application system.

3.2. Analysis of Design Requirements

The things that need to be done in analysing the design
needs include, namely:

1. Observation at the station, carried out to find out the
type of PLC used, the number of I / O addresses used.
Based on the observation results, the FX3U PLC type

is obtained with the number of |1 / O to be monitored 5
inputs and 8 outputs.

2. Finding suitable components and microcontrollers for
data acquisition with a sufficient number of pinouts.

3. Creating a circuit using a simulator, so that a schematic
or circuit is obtained that is definitely correct.

4. Applying the circuit that has been made in the
simulator to the component.

5. Creating a microcontroller program on the arduino
IDE for components that have been assembled and
integrated into the Blynk application then transferred
to the microcontroller, and creating an interface design
on Blynk.

6. Apply the circuit that has been made to the PLC.

7. Conduct monitoring and control testing to ensure
whether the data acquired by the microcontroller is
delivered to the destination (Blynk and PLC) or not.

The following devices will be used in the system created:
a. Hardware
The hardware needed in the design of this system are:

1. ESP32: Is a microcontroller board that is used as a
controller and connector between the sensor
components used, this type of microcontroller board
has been equipped with an ESP Wi-Fi chip that has
been embedded in one board so that it will be easier
to use for the development of Internet Of Things
(1oT) based microcontrollers, has a lot of pinouts so
that it is suitable for taking many outputs and inputs,
besides that this version of the microcontroller board
can be found on the market at a relatively affordable
price. In this final project, ESP32 is used as a
controller that communicates with PLC.

2. Relay Module: Is a component that is used as a link
between the PLC and the microcontroller, where the
relay will be controlled to provide input to the PLC
and read the PLC output.

3. HC-SR04 Ultrasonic Sensor: Is a sensor tool that
works based on the principle of sound wave
reflection and is used to detect the presence of a
particular object in front of it. This sensor is used to
monitor the level in the hopper.

4. Mitsubishi FX3U PLC: This type of PLC has a serial
port for communication and does not have an
Ethernet module, used to control the process at the
filling station which is also connected to the ESP32
microcontroller.

5. Smartphone: A device that has high capabilities like
a computer, in this research the smartphone is used
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as a device to monitor and control the station with the
interface design that will be made.

b. Software
The software needed in designing this system is as follows

1. Arduino IDE: Is software used in writing program
sketches into microcontrollers. In the process of
writing the program using a combination of C/C ++
and Java languages.

2. Blynk: Is a platform used to design monitoring and
control.

3. Firebase: Is a platform used for storing realtime data
sent by microcontrollers.

3.3. System Overview

The overview of this study shows the relationship between
one component and another. In the Fig 2, there are areas 3.0
and 4.0 where, area 3.0 shows that the system is still
conventional and area 4.0 shows the development of the
system by utilizing the use of the internet.

a. Inarea 3.0 it is illustrated that the PLC is the main
control that has its own input and output. The input that
is outputted is through the HMI and also the control
panel to provide manual control input to the PLC. then
the actuator becomes part of the PLC output itself,
where the actuators used are DC motors and cylinders.

b. In area 4.0 depicted microcontroller as a control unit
connected to the network. The microcontroller used is
ESP32. The ultrasonic sensor is connected as a
microcontroller output which is useful for detecting
the material level in the hopper.

c. Mobile or smartphone connected to the network in area
4.0 is useful as a device to control and monitor station
movements. As well as using Firebase as a platform
for storing databases that will be accessed by
smartphone devices to display data that has been
acquired from the PLC.
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Fig 2. System Overview

3.4. System and Interface Design

In the system to be created, it has a sequence of working
systems, when the system is activated, the ESP32 will
capture signals from ultrasonic sensors and signals from the
PLC. ESP32 will connect with Blynk, and then ESP32 will
try to connect to the server on the MQTT server and
firebase, after connecting, ESP32 will ask to subscribe to
MQTT and then publish the signal on MQTT. The value that
has been published in MQTT will be sent by ESP32 to the
Blynk application, and then in the Blynk application, the
output indicator will be active. When giving input, ESP32
will publish the signal to MQTT and send it to the relay
connected to the PLC input.

Fig 3. Flowchart System
a. Hardware Design

In this study, the data acquisition system from the PLC uses
7 channels of SPDT relays connected to the PLC output and
4 channels of SPDT relays connected to the PLC input and
both are connected to ESP32. As well as ultrasonic sensors
that are directly connected to ESP32.
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Fig 4. Schematic of ESP32 Circuit on PLC and Ultrasonic

Sensor

Table 1. Cable Color of the Schematic

Relay

Pin ESP Module Ultrasonic

_  Sensor

4Ch 8Ch

GPIO 2 IN1 - -
GPIO 4 IN2 - -
GPIO 5 IN3 - -
GPIO 12 IN4 - -
GPIO14 IN5 - -
GPIO 15 IN6 - -
GPIO 16  IN7Y - -
GPIO 17 - IN1 -
GPIO 18 - IN2 -
GPIO 19 - IN3 -
GPIO 21 - IN4 -
GPIO 25 - - ECHO
GPIO 26 - - TRIG

GND GND GND -
Vin VCC VCC -

Cable
Color

dark
yellow

Orange
White
Purple
Agua
Brown
Pink
Blue
Yellow
Gray
Green
Yellow
Green
Black
Red

b.

Interface Design

Silinder 1 Silinder 2 Sensor 1 Sensor 2

Standby Run Stop

Level Hopper

PBStat) (PBStop) [ % | 3*'"'
N/ NG

Fig 5. Interface Design on Blynk

4. Experimental Analysis
4.1. 10T System Testing Results

The test results on the 10T system include a system for
monitoring stations and controlling stations, the following
test results have been carried out.

4.1.1. Filling Station Control System Testing

Control system testing aims to ensure the integration of the
control system runs well. The control system is made in the
form of push-button input from the Blynk application. The
following table shows the results of testing the filling station
control system on the Blynk application.

Table 2. Testing the Filling Station Control System on the
Blynk Application

Input Address Testing Results
Switch Auto X000 Works
Switch Manual X001 Works
Start X002 Works
Stop X003 Works
Emergency X004 Works

eset

Fig 6. Control System on on Blynk Interface

Fig 6 shows the control buttons and switches to control the
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filling station. Station control can be done by pressing the
buttons/switches available on the Blynk interface. The start
button serves to activate the movement of the station
according to the existing program. Stop button serves to stop
the sequential movement of the station. The reset and return
buttons function to return the station to its initial condition
when a problem occurs in the station sequential, the reset
and return buttons are used when the emergency button has
been released. The emergency button serves to stop the
sequential process when a problem occurs at the station.
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Fig 7. Program PLC (a) Program PLC Switch A/M (b)
Program PLC Tombol Start (c) Program PLC Tombol Stop
(d) Program PLC Tombol Emergency

Fig 7 shows the results of testing the buttons controlled
through the Blynk application by looking at the changes that
occur in the PLC ladder program. Testing is done by
pressing the button on the Blynk application interface.
When the button on the Blynk application is pressed, the
ESP32 will capture a binary signal worth 1 and publish on
MQTT in the form of a string value that is "ON". After the
value is published, the ESP32 will retrieve the value on
MQTT and activate the relay which will then activate the
intended address.

4.1.2. Testing the Filling Station Monitoring System

Monitoring system testing aims to ensure that the
parameters that can be monitored through the application
are in accordance with running properly. The following
table shows the results of testing the filling station

monitoring system in the Blynk application.

Table 3. Testing the Filling Station Control System on the
Blynk Application

Indicator Address Testing Results

Red_Light Y000 Works
Yellow_Light Y001 Works
Green_Light Y002 Works
Motor Conveyor Y005 Works
Solenoid_A+ Y006 Works
Solenoid_B- Y011 Works
Sensor_Bk1 X015 Works
Sensor_BK?2 X016 Works

(a)

(b)
@

(©
@ @

(d)
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Fig 8. Status Monitoring of Sensor and Output Indicators
(a) Error Status (b) Status when Workpiece is Detected (c)
Status when Run and Motor is Active (d) Status when
Bottle Filling (e) Status after Bottle Filling

4.2. Hopper Level Alarm System Testing Results on
Blynk Application

In Fig 9, we can see the notification sent by the Blynk
application to the monitoring page, email and the
application notification itself. The alarm is active when the
ultrasonic sensor detects that the hopper level is running out,
with the level distance category that has been determined in
the program. If the range measured from the ultrasonic
sensor to the surface of the hopper material is Ocm - 7cm,
then the hopper level status is in a high level condition, if
the ultrasonic sensor detects a distance in the range of 7cm
- 15cm then the hopper level status is in a medium level
condition, finally, if the ultrasonic sensor detects a distance
from the range of 15¢cm - 20cm then the hopper level status
is in a low-level condition. So with this distance range, the
alarm notification will be active when the detected distance
is 15cm - 20cm or in a low-level status.

X Monitoring Dan Kontrol Filling.. 99

‘@ . s
Congratulations!
Your first device is online, now you can
control it from anywhere in the world
- ) = ,r

us

Blynk Notification

S Dir habis
SHOW DEVCE

CLOSE

oot Ropper

Low Level

Blynk Notification

(b)

Blynk
W 1o

Stasiun Filling: Level Hopper

Level Hopper

Material hampir habis!!t

Date: Friday, June 30, 2023 at 4:08:27 PM
Western Indonesia Time

Device Name : Stasiun Filling
Organization : My organizat

Product : Stasiun Filling

Owner

(©

Fig 8. (a) Alarm Notification on Page Open (b) Alarm
Notification on Email (c) Alarm Notification on
Notification Bar

4.3. Delay Testing Results

In previous research, using the Blynk application with the
test results there is a delay of about 1-2 minutes when
receiving commands from the application to the device, this
is because receiving data on the device takes about
1242ms[18]. Testing the delay time when monitoring and
control is done by reading the PLC output and giving
commands to the PLC input. Based on Table 3, the delay
calculation is by calculating the time from pressing the
button in the Blynk application that sends the signal to
MQTT until MQTT receives the signal and the relay
connected to the PLC address is active. While in Table 4 the
calculation of delay time is calculated from ESP sending a
signal obtained from PLC until MQTT gets a signal from
ESP and displays it in the Blynk application.

Table 4. Average input delay

Input Rata-rata delay (s)
Start 0.00846

Stop 0.011035
Emergency 0.024267
Auto/Man 0.007838
Average delay (ms) 0.0129

The monitoring and control system that has been created is
proven effective for monitoring and controlling stations
remotely through applications connected to the internet.
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There is no LAN cable port so that to send the PLC address
signal requires additional components. ESP32 is added to be
the controller in this system which is useful for sending and
capturing signals from the PLC. This module has several
advantages, besides its low cost, the ESP32 has 38 pinouts
so that it can be connected to many inputs/outputs, and the
ESP32 has a Wi-Fi module that is already installed on the
ESP32 board. The use of the MQTT protocol in this system
is very effective, the delay test results show that the signal
transmission distance between the application and the relay
is very small so real-time monitoring and control can be
done well.

5. Conclusion

The loT-based control and monitoring system using ESP32
as a controller and MQTT as a communication protocol
between ESP and PLC can be declared successful, based on
the test results above.

PLC control and monitoring through the Blynk application
and the MQTT protocol obtained an average delay time
from input control of 0.0129 seconds while the output
reading was 0.012575 seconds. The magnitude of the delay
value is influenced by the internet connection used.

Hopper level alarm notification functions properly, where
when the hopper level is in a low-level condition, the system
will send an alarm notification to the user.
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