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1. INTRODUCTION

The number of devices with capabilities sensing and wireless communication has been growing as a
cost reduction, communication interfaces, and data analysis. This rapid development of the internet-of-things
(1oT) across multiple domains starts from home automation to the environment, agriculture, health, and
manufacturing systems. The application of 10T in home automation as a module trainer in [1], as home
security and monitoring system in [2], like a remote control for home devices in [3]. The application of loT
in the environment as a real-time environment monitoring in [4], [5], as a weather monitoring system in [6].
The application of 10T in agriculture, we can find as a monitoring system in an irrigation system in [7], as a
remote monitoring system for a greenhouse in [8]. The application of 10T in health as a patient monitoring
system in [9], [10], as a prosthetic hand control in [11], as a remote medical diagnosis system in [12], as a
healthcare monitoring system in [13], [14]. The application of IoT in manufacturing, we can find as a remote
for power and energy in [15], as a speed sensing of a DC motor in [16], as monitoring electrical system
in [17]. 10T uses Internet technology to allow devices to share information and communicate in sensing and
actuating, i.e., the so-called Machine-to-Machine paradigm. We find the expression industrial 10T where
Things refer to intelligent components, machines, and products. in the industrial environment [18], [19].
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The development of this paper focuses on the new monitoring system for the performance of
maintenance works through 10T monitored from the technician room. This work aimed to implement
monitoring with low-cost and easy to build for maintenance service of production machines based on loT.
The NodeMCU ESP8266, as a cheap open-source software and has data processing capabilities, is used here.
The remainder of this paper is structured as: section 2 presents the literature review, section 3 presents the
method and proposed system, section 4 results and discussion, and section 5 provides the conclusion of the
implemented system.

2. LITERATURE REVIEW

Currently, 10T is an emerging technology that has many potential benefits in many domains,
including technology. 10T forms a heterogeneous network using various devices, protocols, technology,
networks, middleware, applications, and systems data [20]. Many applications can be developed using IoT.
Many research papers in this domain propose sensors and transducers embedded in microcontrollers
integrated wireless transmission with local or cloud databases that translate input data into valuable and
efficient information. To mention some of these works are: in [6] proposed a low-cost, simple weather
monitoring and controlling system using ESP8266 NodeMCU, in [8] proposed monitoring system for a
greenhouse based on NodeMCU ESP8266 and Blynk, in [11] proposed a prosthetic hand control interface
using an ESP8266 Wi-Fi module, in [12] proposed a remote medical diagnosis system using NodeMCU
ESP8266, in [21] proposed a prototype of micro-hydro monitored remotely using ESP8266 and LabVIEW,
in [22] proposed smart monitoring for a pressure regulator based on 10T, in [23] discussed implementation of
an industrial level sensor data acquisition and monitoring system using 10T, in [24] provided a sensing and
monitoring system based on Thingspeak with Mathlab analysis, and in [25] proposed monitoring and leakage
detection system using NodeMCU ESP8266 and Wi-Fi technology.

Table 1 presents some previous related works focusing on the controllers in use and their application
areas. Several previous papers have discussed the use of the NodeMCU ESP8266. Most of the literature uses the
NodeMCU ESP8266 to perform monitoring systems applied to several fields. Some of those areas are for
applications in health systems, the environment, and home security. In this work, we focus on applications in
industrial automation using the NodeMCU ESP8266 for monitoring and reporting systems for maintenance
works. The NodeMCU ESP8266 is not used only as a monitoring tool, but by adding facilities from Google
Sheets and Blynk can be used as an intelligent system for online reporting of maintenance work. This data is
stored in the database. Furthermore, the data can be used as information to determine the maintenance strategies.

Table 1. The related works

Related Works Controller Application field

Das et al. [4] Arduino UNO with an ESP8266 Wi- Real time monitoring of various environmental
Fi module conditions

Srivastava P. et al. [7] Arduino UNO with an ESP8266 Wi- . S
Fi module Monitor and control, smart irrigation systems

Astutik et al. [8] NodeMCU ESP8266 microcontroller Lo .

- Remote monitoring systems in greenhouse

and Android

Pakalapati et al. [11] ESP8266 wireless module and The prosthetic hand control interface to choose a
Android gesture design

Fahim and Hossain [12] NodeMCU ESP8266 microcontroller Remote monitoring medical condition (heartbeat
and Android and temperature)

Hasan et al. [22] NodeMCU ESP8266 Wi-Fi module Remote monitoring system of a pressure
and MATLAB® regulator

Sarnin et al. [25] NodeMCU ESP8266 Wi-Fi Liquefied petroleum gas monitoring and leakage
technology detection system

This work Monitoring and reporting system: the additional
NodeMCU ESP8266 Wi-Fi module, use of Google Sheets and Blynk provides the
GoogleSheet, and Blynk benefit of an intelligent online reporting system

for maintenance work

3. METHOD AND PROPOSED SYSTEM

To achieve the goal of this work, namely monitoring the maintenance performance of production
machines, the part of this work is the NodeMCU with ESP8266 embedded wifi module [26]. This paper
presents a monitoring system using NodeMCU (ESP8266) that can monitor machine conditions every time
and provide alerts to technicians in the event of a machine failure. The warning occurs in two ways, via
alarms and indicator lights installed in the technician room or via a notification on a smartphone that is sent
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with the Blynk application so that the technician can immediately know the warning wherever he is,
assuming that all technicians always carry a smartphone. Not only does it provide alerts, but this monitoring
system will also send machine condition data to the Google Sheet whenever a machine failure occurs. The
Google Sheet is used in this monitoring system because it has many features, some of which are: freely
available, data stored in the cloud so that it is easily accessed anywhere and anytime, generate timestamps
automatic every time data is entered, and can use to process and analyze data, and allows the addition of
features by providing many add-on applications [27].

The monitoring system proposed in this paper consists of two parts. The first part is called
NodeMCU master, and the second part is called NodeMCU slave. The working principle of NodeMCU
master and NodeMCU slave is depicted in a flowchart as shown in Figure 1. The master NodeMCU will
monitor the machine condition by reading signals from the light dependent resistor (LDR) sensor mounted on
the red Andon lamp. When the red Andon lamp turns on, indicating machine failure, the Light Dependent
Resistor (LDR) sensor output changes causing the NodeMCU master to send machine stops condition data to
Google Sheet, Blynk, memory card, and NodeMCU slave (Figure 1(a)). When the data is received, the slave
NodeMCU will sound the buzzer, turn on the rotary light in the technician room for 5 minutes, and display an
S (stop) code on the light emitting diode (LED) matrix (Figure 1(b)). Next, the technician makes repairs to
the machine. After finished, the technician inputs data on the damage, the repairs carried out, and the name.
Then the technician presses the Send button, and the NodeMCU master sends machine running condition
data to Google Sheet, Blynk, memory card, and NodeMCU slave. Once the data is received, NodeMCU slave
will display the R (run) code on the light emitting diode (LED) matrix display.

-
{ man
.
MAIN
~ WHILE ™. TRUE
S_TRUE -7 ]
FALSE /m:u- Lnaf WHILE ™\JRUE
T TRUE 1
FAEET TNPUT DATA
FROM MODEMCLU

%}:jﬁ TRUE
&LDR>5007.~ MASTER
e ASLDR
MACHINE=STOR
¥
SEND DATATO: ;

L5E ~Tla u
GOOGLE_SHEET
BLYNK LEDMATRIX
NDMCU_SLAVE / ="STOP"
S0 CARD

TIMER TRUE

LIS L

<300s

-
FALSE g2 o HINE-. TRUE - -
B . =
e INPLUT N#MAZHINE
INPUT TROUBLE
J INPUT ACTION —~
/INPUT T_MAME SIRINE=0FF
1 RLAMP=0FF
FALSE "':S-ENDH“:"“"':‘_,_WE
LS| A JRUE

— MACHINE=RUN

FA

v
SEND DATATO:  /
SEJY?&_ E_SHEET / LED MATRIX
Ik I ="RUN"
NDMCU_SLAVE /
SD CARD !
—T1 I

(a) (b)

Figure 1. The flowchart of (a) NodeMCU master and (b) NodeMCU slave

The monitoring system described in the flowchart above, is arranged in a wiring diagram as shown
in Figures 2 and 3. The main parts of this system are two ESP8266 NodeMCUs, the first as a master and the
second as a slave. The master unit shown in Figure 2 serves as a monitor for the four machines, positioned
close to each machine's Andon lamp. The slave unit shown in Figure 3 is positioned in the technician's room.
Next, the technician who received the information came and made repairs to the machine. After finished, the
technician will enter data via the keypad on the master NodeMCU, namely the damage that occurred, the
repairs performed, and the technician's name. As an alternative, data entry can also do through the Blynk
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application. After finished data entry, the technician presses the Send button, causing the NodeMCU master
to send the machine running condition data to Google Sheet, Blynk, Memory Card, and NodeMCU slave.
After the data is received, the NodeMCU slave will display the R (run) code on the light emitting diode
(LED) matrix display. This failure detection system can automatically notify technicians, recording data from
time to time online and in real-time, thus making monitoring better and more effective.
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Figure 2. The wiring diagram of the master unit
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Figure 3. The wiring diagram of the slave unit

4, RESULTS AND DISCUSSION

Figure 4 shows NodeMCU master and NodeMCU slave created based on the wiring diagrams in
Figure 2 and Figure 3. The master NodeMCU connects to the light dependent resistor (LDR) sensor, Keypad,
LCD 16x2, and Memory Card Breakout (Figure 4(a)). While the slave NodeMCU connects to the buzzer,
rotary lamp, and light emitting diode (LED) Matrix (Figure 4(b)). NodeMCU master sends data to Google
Sheet, Blynk, and NodeMCU slave via Wi-Fi connection.

Figure 5 shows the display of data sent by the NodeMCU master to the Google Sheet, with the
contents of the data from columns 1-8 in a row containing the date, time, the machine stopped time, machine
condition, machine ID, technician’s name, trouble, and action did by the technician. The interesting here is
those columns 1-3 are generated automatically by Google Sheet. Columns 1 and 2 are the timestamps that
will be displayed every time entered data. Column 3, which shows the idle time (the duration of breakdown),
is generated by calculating the difference between the Stop time and the Runtime, is made by the formula
available on the Google Sheet. The Google Sheet feature makes using Google Sheets very useful because it
can perform easy data processing [27]. Figure 6 shows the notification on Blynk when the machine stop
(Figure 6(a)), the display of data entry by technician (Figure 6(b)), and the notification when the machine
Run again (Figure 6(c)). Figure 7 shows the contents of the data stored on the memory card.
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Figure 4. The controller box of (a) master unit and (b) slave unit
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Figure 6. The Blynk’s display: (a) notification when machine stop, (b) data entry by
technician, and (c) notification when machine has run again
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3/22/2021,10:20:46,Stop, 19
3/22/2021,12:11:15,Run,19,AD,model, changed
3/23/2021,8:58:12,5top, 17
3/23/2021,9:208:09,Run,17,0M,vertical, replaced
3/23/2021,9:208:23,5top, 18
3/23/2021,9:53:29,Run,18,DM, shuttle, replaced
3/23/2021,9:54:37,5top, 19
3/23/2021,18:14:18,Run,19,DM, shuttle, replaced
3/23/2021,13:13: 24, Stop, 17
3/23/2021,13:19:48,Run,17,AD, slider,replaced
3/24/2021.10:27:14_Ston .18

Figure 7. The data stored on the memory card

From Figure 5, we can see that maintenance data is recorded automatically within a particular time.
The maintenance data were previously manually recorded. Implementing the monitoring system using
NodeMCU, maintenance data can be generated automatically and displayed online on the Google Sheet and
be accessed anywhere and anytime. The results of the implementation of the monitoring system for
maintenance work at the BTex company were carried out by experiments on four machines with data
collection allocations on March 22-25, 2021. BTex is a company that has requested to build a maintenance
performance monitoring system on some of their production machines, in this case, machine numbers 17, 18,
19, and 20. Figure 5 displays the monitoring performance reporting data. The information covered in this
system includes the date, time, machine condition, remark, machine number, technician’s name, breakdown,
and repair action.

Maintenance data show that the average failure on each machine is between 5-10 times per month.
Then look for the average failure time, the time for calling a technician by the operator, and the maintenance
recording time manually. From the average of the three, then a bar chart is made for each machine.
Furthermore, experiments were carried out by applying a monitoring system and comparing the results.
Figure 8 shows the data obtained from comparing the performance conditions of maintenance work before
and after using the monitoring system. The maintenance data used are from December 2020, January 2021,
and February 2021 for machines 17, 18, 19, and 20. The data are the time of operator calls a technician for
repair (calling), during machine repair (maintenance), and when technicians perform reporting work
(reporting). If we look at the bar chart of each machine, we can see that there are two data or bar charts. In
December 2020, for machine 17, before using the monitoring system, the time for calling a technician was 10
minutes, the machine repair time was 30 minutes, and the time for a technician to do manual reporting was 6
minutes. After using the monitoring system, the time to call a technician is only 4 minutes, and the reporting
time is only 1 minute, the repair time is still 30 minutes. The conditions before and after are indicated by two
rods mounted on machine 17 (bottom=before; top=after), so it is clear that there is a significant reduction in
overall maintenance work time. Likewise with repair failure incidents in January and February 2021 that
occurred on other machines.

Jan21

Dec20

30 60 minutes 70

calling Bmaintenance reporting

Figure 8. The comparation data between before and after applying the monitoring system
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5. CONCLUSION

This paper has succeeded in developing an intelligent monitoring system for the maintenance
performance of production machines. The novelty offered here is not only for monitoring but also for
carrying out reporting actions. This monitoring system has supported maintenance work to be more effective
and facilitated better record keeping of machine conditions from time to time. It is because the data is
recorded automatically and can be accessed online anywhere and anytime. In addition, the human error in
reporting machine maintenance history does not occur again. The speed and accuracy in identifying failure
are better. We get a reduction time of up to 50% in terms of calling and reporting after implementing the
system and acquiring maintenance data for a certain period. For further work can be done in terms of
detecting machine conditions via sensor input from Andon lamps. The information will not only be in the
form of a stopped machine but will also find out which part of the machine is damaged based on the color
and the active Andon light indicator.
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