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Abstract — Machines are valuable assets that need to be
protected from damage and failure through proper
maintenance measures. This paper proposes a system that
automatically monitors the running time of machines and
sends notifications regarding their preventive maintenance
(PM) schedules. The system core consists of a programmable
logic controller (PLC) and a human-machine interface
(HMI). The HMI is connected to an online platform via an
internet connection provided by a router so that the
monitoring result can be accessed via an Android
smartphone or laptop/PC. This IoT-based running time
monitoring system (IRTMS) will be particularly helpful in
implementation at a production site that consists of multiple
various machines. The PM items of a machine may vary
from cleaning, changing a single component, to an overhaul,
each with a different time interval. The key results of using
the IRTMS are that the user will have an overview of the PM
schedules anytime and anywhere, and the preparation of
material, components, or tools can be known ahead of time.
For simulation purposes, a prototype was constructed by
using components as used in the industrial real-life
condition. Four output connections were provided to
simulate the simultaneous monitoring of four machines. The
IRTMS prototype is tested and completely successful in
doing the running time monitoring, the running time reset,
the PM notifications, and the remote access for monitoring
and control.

Keywords: PLC, HMI, IoT, preventive maintenance (PM),
online platform.

I. INTRODUCTION

Maintenance can be generally defined as the attention
and care given to an asset to extend its useful lifetime.
Naturally, there are no man-made objects that will not be
damaged on use, but with correct and regular repair and
treatment, their duration of functionality can be prolonged
[1]. According to [2], maintenance includes all activities
related to maintaining a certain level of availability and
reliability of a system and its components and its ability
to perform at a standard level of quality.

Based on a survey reported in [3], the percent of
planned production time that is becoming downtime is
13.3 % on average. Machine failures and maintenance
measures, whether before or after the failures, contribute
to downtime. In manufacturing industries, the
maintenance costs are estimated between 15 % and 70 %

of the cost of goods produced. It is estimated that
approximately one-third of these costs are unnecessary
and avoidable [4]-[6]. Thus, it is crucial to optimize the
maintenance measures, so that they are not conducted too
early or too late. By doing so, the downtime and the
maintenance cost can be reduced, while at the same time
the production efficiency can be increased.

Preventive maintenance (PM) is one type of
maintenance performed at predetermined intervals, which
can be based on production time or production cycle.
However, up to 50 % of PM in manufacturing is applied
unnecessarily [7]. This can be surely traced back to the
inaccurate record of the above-mentioned production time
or production cycle.

A qualitative study about the aspects of effective PM
has been conducted in [8], where the root cause analysis
of the ineffective PM in a semiconductor company is also
presented. The study proposed that the maintenance
schedule must be incorporated with the production
schedule to achieve an efficient and effective
manufacturing system.

The accuracy of PM requires the help of a controller so
that it can be planned automatically without relying only
on erroneous human calculation and memory. Robert et al
in [9] highlight the implementation of the programmable
logic controller (PLC) in a predictive maintenance
scheme. A PLC-based control system with the supporting
software and hardware is presented. Another use of a PLC
in combination with a human-machine interface (HMI)
for downtime recording is found in [10]. The motivation
is to be able to perform get an accurate cost calculation
due to downtime. Some problems regarding data
recapitulation and historical storage are mentioned.

The aforementioned problems are nonexistent in the
system proposed by [11], where a record system for
machine usage time directly uses a PC as the HMI, with
Arduino Mega as the microcontroller. However, although
the total working time of an operator in various machines
while doing a production task can be summarized and
integrated for further PM maintenance purposes, the
dedicated use of one PC is found impractical.

In this paper, a system to improve the accuracy of PM
based on machine running time is proposed. The PM due
is not be based on planned production time or projected
production quantity, as it is normally practiced. On the
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contrary, the due is be based on the actual running time of
the machine.

The proposed system is IoT-based and utilizes a PLC
and an HMI as the core. The inputs of the PLC are
connected to the power supply line of the machines. The
state of this supply line is monitored and recorded to
provide the running time of the machines. The running
time monitoring can be done directly through the HMI
with its touch screen, or remotely through an Android
phone or a laptop/PC. The ethernet connection of the HMI
enables it to be connected to a router. The internet
connection of the router links the HMI over an online
platform to the Android phone or the laptop/PC.

The proposed system is to be referred to as the IoT-
based running time monitoring system (IRMTS). A
prototype of the system is to be constructed for simulation
and testing purposes. The prototype is expected to be able
to monitor four machines simultaneously. The PM
schedules of each machine, as a whole (by overhaul) or
partial (by components or treatments), are to be kept by
the IRMTS. It is expected to generate ahead-of-time
reminders regarding every impending PM via email
notification and HMI screen notification.

After the problem identification mentioned above, the
ensuing steps of the research methodology are the study
of maintenance measures and the formulation of the
design specification. Next, the design will be
implemented and tested for some operation scenarios. In
the end, a conclusion will be drawn.

II. METHODOLOGY

A. Maintenance Measures

Maintenance measures can be in the form of various
actions taken to protect or repair an asset so that it can
operate in an acceptable condition.

After passing the period where early (infant mortality)
failures may occur, the performance of equipment in
general or a machine, in particular, deteriorates slowly
through its operating time [2]. The graph can be seen in
Figure 1 [12,13]. At a certain point P, the change in
performance becomes detected. If no maintenance is
given, the performance decreases further and reaches
point F, where the functional failure occurs and the
machine cannot work anymore.
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Change in
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detected

Functional
failure
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-

Operating time

Figure 1. The performance of a machine as the function of
operating hours

Long before point P, the predictive (condition-directed)
and preventive (time-directed) maintenance can be taken
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to improve the machine’s performance. Between point P
and F, the weight will be on preventive maintenance. By
the time point F is reached, reactive maintenance, as a
response to functional or catastrophic failure, is incurred.

The complexity of PM scheduling increases with the
number of machines that are integrated into a production
site. Every machine comes with a specific need of
material, components, and tools, at a specific time of
implementation. As an example, Table 1 shows the
optimal PM schedule for the three most critical
components of the turbines at Ombilin steam power plant
owned by PLN (State Electricity Company) Indonesia
[14]. The complete table is surely longer.

Due to this fact, an effective and efficient PM can only
be done with the help of a computer. The PM can be
automatically set to follow certain time intervals as
required by the components. This is to be done based on
the actual running time of the corresponding machine and
not merely based on the number of days or planned
production time.

Table 1. PM Schedule for Turbine’s Critical Components
at Ombilin Steam Power GeneratioN

Item PM Interval

Overhaul 8,000 hours
Membrane check 960 hours

Turning gear check 1,150 hours
Bearing check 908 hours

Membrane turbine replacement 3,410 hours

Turning gear replacement 4,500 hours

Bearing replacement 8,000 hours

B. Design Specification

1) Programmable Logic Controller (PLC)

A PLC is a ruggedized computer used for industrial
automation of a part or an entire production process. As a
digital controller, a PLC makes a logical decision based
on the monitored inputs and outputs. The industrial
applications require PLCs to be reliable, while easy to
program and simple to diagnose.

In the development, the PLC’s functionality is no
longer limited to logical functions only. PLC can now
carry out relatively complex arithmetic calculations and
additional functions such as communication and
documentation via the internet [15,16].

In this project, the HollySys Hollias LM3107E, as seen
in Figure 2 is chosen. It has 14 digital inputs and 10 digital
outputs, which are sufficient for the project at hand [17].
This PLC can be purchased at a reasonably low price and
is shipped with free programming software.

Figure 2. HollySys Hollias LM3107E PLC



2) Human Machine Interface (HMI)

HMI is very useful to visualize the process in a form
that can be easily understood by humans. Some functions
of the HMI are monitoring plant conditions, setting
parameter values, and giving actions following occurred
circumstances. HMI can also become the media to show
warning signs in the form of notifications. Data
trajectories, whether real-time or historical, can also be
displayed on an HMI.

HMI is also able to be used in programming and
troubleshooting of the PLC programs. This is because the
HMI can load applications that later on can be used to
change or manipulate PLC programs or any other
software programming from other sources.

The HMI Weintek MT8071iE1 is chosen due to its
ability to connect with a lot of PLC types, including
HollySys. This HMI, as shown in Figure 3, is equipped
with 2 communication ports: RS 232 and RS 485 [18].

Figure 3. Weintek MT8071iE1 HMI

3) EasyAccess 2.0

A remote HMI access is conventionally a difficult
intention. Traditionally, HMIs are designed to connect
only to local industrial control equipment such as PLCs or
other automation controllers. This is due to the required
hardware interfacing, the network parameter settings, and
the security considerations. The prior possible
implementation allows only the connection with HMI at a
time.

Weintek’s EasyAccess 2.0 offers a new platform to
access compatible HMIs from anywhere at any time,
through an internet connection. The connection over this
online platform makes the remote monitoring,
troubleshooting, and reconfiguration of HMI and PLC
easy, simple, and efficient. HMI projects can be updated
via the internet connection, and later on, PLC programs
can be passed through, updated, and monitored via
ethernet connection [19]. The immediate benefits of using
EasyAccess 2.0 include the significant reduction of
downtime, technician’s travel time, and labor costs. From
this point on, the terms EasyAccess 2.0 and EasyAccess
will be used interchangeably.

Figure 4 illustrates the connection using the
EasyAccess system. The HMI and the laptop/PC are
connected to a dedicated virtual private network (VPN).
Thus, the data exchange is carried out in a peer-to-peer
connection, without any need for firewalls.

4) Router and Relay

A router is hardware required in a computer network to
route data packets from one network to another network.
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Routers have become sophisticated nowadays, that their
connection to the computers in the LAN can be
established not only by using a cable connection but also
with wireless technology.

Figure 5(a) shows the router chosen to be used in the
proposed system, the MikroTik hAP-Lite wireless router
[20]. This router is required to provide internet access to
the HMI device so that the device can be accessed by
EasyAccess. The router is connected to the HMI via an
ethernet connection, while it is wirelessly connected to a
mobile network to get internet access.

I
q EasyAccesszo

Figure 4. Secure connection with minimal setup and
configuration using EasyAccess 2.0 [19]
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Figure 5. (a) MikroTik RB941-2nD (hAP-Lite) wireless
router; (b) IDEC RU4S-NF-A220 relays

=

(b)

5) Relay

A relay is an electromagnetic switch that is operated by
using a small electric current to control a much larger
electric current or voltage. The switching mechanism in a
relay includes an electromagnet that closes or opens the
respective high-current or high-voltage circuit. As it
leverages a weak input to a stronger output that powers a
load, a relay can also be considered as an amplifier.

The proposed system is designated to control high-
power machines such as a booster pump, compressor,
turbine, and boiler. To simulate this, IDEC RU4S-NF-
A220 relays are integrated into the proposed system.

The relays are shown in Figure 5(b). By using the relay,
the PLC that sends the signal to the relay with 24 VDC
and 260 mA will be able to power an electric load with
220 VAC and up to 6A [21].

6) Block Diagram

Figure 6 displays the block diagram of the proposed
IRTMS. On the office side, the user uses an Android
phone or a laptop/PC to connect to the EasyAccess by
using an internet connection. On the factory side, the
entire system is controlled by the HollySys PLC. The PLC
is connected to 4 simulated machines, which are a booster
pump, a compressor, a turbine, and a boiler.

The relays are deployed at the connections to the



booster pump and the compressor. This is to create a
connection where these machines can be turned on and off
manually (on-site) or remotely (via the internet).
Whereas, the direct connection to the turbine and the
boiler means that the proposed system only can monitor
their running time. Both machines must be turned on or
turned off manually (on-site).

The programming of the PLC is conducted by using the
user’s laptop/PC. The internet connection between the
HMI and the EasyAccess platform is established by the
MikroTik router.
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Internet / — R o, ) \lmeme!
connection S = ST connection

Weintek HMI 3 Factory | User v ’%
\X:lﬁgxk(‘:;n Side | Side Ethernet Wireless
= I connection connection
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RS-232 — R
connection T —' Hollysys PLC
Wired Android Phone
connection
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Compressor Turbine Boiler
e Laptop/PC

Figure 6. The block diagram of the proposed system

7) Schematic Design

The schematic design of the IRTMS is shown in
Figure 7. The metal box is designed to be 20 cm deep, 40
cm wide, and 50 cm high. As can be seen in Figure 7(a),
the HMI (1) is installed at the door, facing forward. Below
it, a panel of two push-buttons (2) and two switches (3) is
aligned. The push-buttons are used to simulate the on-site
pushbuttons of the booster pump and the compressor. The
switches are used to simulate the on-site switches of the
turbine and the boiler.

If the door is opened, the arrangement is as shown in
Figure 7(b). The PLC (4) is placed top-left. The router (5)
is mounted below the PLC. Two control relays (6), R1 and
R», are to be used in conjunction with two power relays
(7), R3 and R4. The terminal blocks (8) are used to secure
and insulate the wire connections. The power socket (9) is
required to power the router. Finally, a 6-A miniature
circuit breaker or MCB (10) is installed to protect the
whole circuit from overcurrent.

Further explanation regarding the control relays and the
power relays will be given now. As mentioned before, the
manual (on-site) turn on and turn off of all 4 machines are
simulated by the 2 push-buttons and the 2 switches. The
push-buttons and the switches are connected as the control
signals to the PLC’s inputs. If any of the 2 push-buttons is
physically pressed, the status of the corresponding
machine will be toggled between active and inactive. The
PLC will toggle the power relays R3 or R4, respectively,
and the machine power supply is toggled, too.

For remote turn on and turn off (via HMI, Android
phone, or laptop/PC), if the button of the booster pump or
the compressor is pressed, the control relays R; or R, will
be toggled. At the same time, R; or R; is used as the input
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to the PLC that again toggles Rz or R4. Thus, each pair of
one push-button and one control relay forms one two-way
switch.

In both cases, whether manual control or remote
control, the IRTMS immediately starts to count the
running time every time the status of a machine is active
and stops when the machine is inactive. The counted time
is to be saved in the PLC’s memory.
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Figure 7. The schematic design of the proposed system
(a) front view; (b) inside view
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C. Design Implementation
1) Flowchart

The flowchart of the IRTMS system is presented in
Figure 8. After the start, the PLC checks the currently
active machine(s), as indicated by the proper input
signals. The running time of every active machine is
added by 1 second after this time is elapsed. If the second
count of an active machine reaches 3,600 seconds, then
the respective hour-count is added by 1 hour, and the
respective second count is reset to 0.

Then, the data of the remaining time until the next PM
schedule will be updated. The HMI checks whether any
of the remaining time is equal to 240 hours (10 days), 120
hours (5 days), or 72 hours (3 days). If it is the case, the
HMI will one-time turn on an alarm sound for 60 seconds,
display a screen notification, and send an email
notification to a registered email address. Thus, by having
such multiple reminders, the user can plan a future
maintenance action with adequate time. The scope of the
maintenance can also be informed in advance, so that the
required material, components, or tools can be prepared.

The hour-count of the machines can also be reset to 0
by privileged users. This is normally done after
completing a certain maintenance action. If the reset
button is pressed and the authentication is successful, the
desired hour-count can be selected and set to 0. Here, a
cycle is completed and the process comes back to the PLC
detecting the currently active machine(s).

2) The Programming of PLC

The programming of the PLC is conducted by using the
Codesys Power Pro V2.1.2B software. Within one project
file for the IRTMS, every machine obtains a separate
program page. This modular approach makes the program
troubleshooting and expansion easy. The addition of new
machines can be accommodated by creating additional



program pages.

Figure 9 shows the main program page, PLC_PRG,
which is used for the booster pump. The program page
Time_Count (FB) is the program that counts the running
time of the machines. This program consists of 10
networks, which is later compiled and becomes 1 function
block (FB). Each FB is adjusted to the number of PM
items that are being monitored from a certain machine. In
this work, this number ranges from 3 to 5.
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elapsed u
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Add the second count of
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machine(s) by 1s

Time
for

Any second
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3600 s?
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time is
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No

Turn on alarm, display
screen notification, and
send email notification

Figure 8. Flowchart of the running time monitoring system

3) The Programming of HMI

The programming of the HMI is done by using
Weintek’s EasyBuilder Pro V60001267 software. For the
first step, the communication between the HMI and the
PLC is constructed by matching the parameters of both
devices. Figure 10 shows, that to do this, the Home menu
bar (1) must be selected. Then, after clicking the System
Parameters (2), a dialog box appears. At Local PLC 1, the
PLC type is to be set to HollySys LE/LM (3). Afterward,
the communication type is to be set to RS-232. The serial
port is set to COM 1, with the rate of 38,400 baud.

Extensive programming work follows. This is to set up
the HMI so it can fulfill the objective of the IRTMS. The
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HMI program is expected to read the running time data
from the PLC’s memory and to display it in such a way
that the HMI becomes an informative and user-friendly
interface.

The programming includes the settings of the various
user classes (Figure 11). The user classes are useful to
assign certain privileges such as resetting the counted
running time, setting/resetting of the set-point for a certain
PM item of a machine, or merely able to turn on and turn
off the machines. Three user classes are created:
Management, Technician, and Operator.

Program pages

Figure 10. Initial parameter adjustments between
the HMI and the PLC in EasyBuilder Pro
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Figure 11. The setting of the various user classes

4) Constructed System

The realization of the schematic design is shown in
Figure 12. In Figure 12(a), the green lamp indicates that
the booster pump is turned on, while the red lamp does the
same for the compressor.
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Figure 12. The schematic design realization of the proposed
system (a) front view; (b) inside view

The main screen of the HMI is shown in Figure 13. All
machines are depicted, with red indicator lamps next to
each of them. If a machine is currently turned on, then the
corresponding indicator lamps will light up.

If the button below a certain machine is pressed, then
the corresponding machine screen will be opened.
Figure 14 presents the machine screens for the booster
pump and the turbine. In each machine screen, the list of
PM items is presented, which is different from one
machine to another. Next to the right, the counted running
time is shown. These numbers increase while the machine
operates.

Further to the right, the reset buttons for all the PM
items are placed. They are followed by the set-points,
which indicate then the number of the hour when a certain
PM item should be conducted.

I L

s 3

Running Time Mogitoring System
vi.

Booster Pump

BilHours {Reset
o
. )
M o |Houvs
Est: o ' 443

loT-based Running Time Monitoring System (E.Sitompul, et al.)

Overhaul _0' Hours
Membrane Check E Hours
Tuming Gear Check | 0 |Haum

Turbine

Total Running Hour [Ilnuurs (Reset | SetPoint B
|

<1
Gee) 2]

Bearing Check

0 JHous (Reset_ = =
(b)

Figure 14. The HMI’s machine screens; (a) Booster pump
screen; (b) Turbine screen

5) Data Collection and Result Analysis

A data collection is conducted during a number of tests
conducted to the IRTMS. All the features of the system in
terms of the running time monitoring, the running time
reset, the PM notifications, and the remote access for
monitoring and control, are checked.

Since the IRTMS is fully a digital system that does not
involve any measurement of continuous variables such as
temperature, pressure, or velocity, the response of the
system and the obtained data only have 2 states: OK or
not OK, accomplished or not accomplished. Thus,
although the tests were conducted multiple times, as long
as the results are the same, there will be only one data and
results reported.

III. RESULTS AND DISCUSSION

A. Test of Running Time Monitoring

In this section, the constructed IRTMS is tested to
measure, record, and display the machine running time.
To shorten the test time, a 1 hour-count is simulated to be
equal to 10 seconds. The machines are turned on and off
manually by using the push-buttons and the switches, and
remotely through the HMI screen.

Each method is tested 10 times. Two of the results for
each switching method are presented in Table 2. Before
one test is started, the hour-counts are reset to 0. All the
tests deliver the results as expected. The running time of
all machines can be monitored successfully.

Table 2. Test Results of Running Time Monitoring

Running

vachine  Syiching  Turmen M  As
Push-button 5 min 30 hours v
Booster Push-button 10 min 60 hours v
pump HMI 5 min 30 hours v
HMI 10 min 60 hours v
Push-button 5 min 30 hours v
Push-button 10 min 60 hours v

Compressor -

HMI 5 min 30 hours v
HMI 10 min 60 hours v
Turbine Switch 15 min 90 hours v
Switch 20 min 120 hours v
Boiler Switch 15 min 90 hours v
Switch 20 min 120 hours v
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B. Test of Running Time Reset

In this test, an attempt to reset nonzero recorded
running time and to change the schedule of the machines’
PM items (or the set-point) is conducted. To do so, a user
needs to have the privileged class of Management.
Otherwise, for the classes of Technician and Operator, the
reset button is locked and the running time reset cannot be
done.

The result of the test is shown in Table 3. If provided
with adequate privilege, the pressed reset button will
respond to open the further page on the HMI screen. Later,
the user can reset the desired running time or change the
PM schedule.

Table 3. Test Results of Running Time Reset

Reset button pressed

i As
Machine Imtvl:ﬂ%% with privilege  expected
Booster pump ﬁgﬁfesﬁ R}lélsléitn OtIilgle v
Comprosor iy Ramimgine o
O
Boiler Access  Running time v

C. Test of Email Notification and HMI Screen
Notification

In this test, the sending of one email notification and
the display of HMI screen notification is simulated. The
booster pump is taken as a sample. The remaining time for
the next PM schedule of the booster pump is set to 250
hours (simulated to be equal to 2,400 seconds). Thus, the
email and the screen notification will due within the next
10 hours (simulated 100 seconds), when the 240-hour
reminder mark is reached.

Figure 15 shows the appearance of the email
notification after the 240-hour mark is reached. The
information regarding the required material, components,
and tools is included in the message field of the email. The
content of this email notification can be extended further
according to the need of the user.

Figure 16 presents the appearance of the HMI screen
by the time a PM reminder occurs. The name of the
respective machine is shown on the screen, to ease the
user to further investigate the details on the machine
screen. To come back to the main page, the alarm
acknowledge (ACK ALARM) button must be pressed.

D. Test of Remote Access for Monitoring and Control

This test is conducted by arranging a connection
between the HMI and an Android phone. The HMI is
connected to the EasyAccess platform via a wireless
internet connection given to the router.

Figure 17 shows the HMI screen as it is exactly seen on
the phone. The monitoring and control action can be
conducted via the phone as if the user is physically present
in front of the HMI screen. The running time of all four
machines can also be seen on the phone screen. Based on
the privilege level, the reset button and the set-point can
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also be set and changed. The booster pump and the
compressor can be turned on and of alternatingly from the
Android phone, the HMI screen, or from the push-buttons.
The result of the test is summarized in Table 4.

[Normall[Triggered] Overhaul - Booster Pump PM Schedule is Near &
Running Hours System -

Piease prepave sor i Check Avalianity of Seanng. Mechanks Sea, Vane Shat

Figure 15. The email notification for the booster pump’s PM

{12 10.7.183.37:5900 (Default HMD - VNC Viewer

Figure 16. The HMI screen notification for booster pump’s
PM (via laptop/PC)

Figure 17. The screen of the Android phone as it is connected
to the HMI

Table 4. Test Results of Remote Access
for Monitoring and Control

Machine ml(fg?(?lfieng lclglrll;%f explzgted
Booster pump  Functioning Functioning v
Compressor Functioning Functioning v
Turbine Functioning ~ Not available v
Boiler Functioning ~ Not available v

E. Discussion

The proposed IRTMS is successfully constructed. On
the hardware aspect, the IRTMS prototype is constructed
by using components and materials that fulfill the
standards for industrial application such as the PLC, the
HMLI, the relays, the MCB, the terminal blocks, the push-



buttons, the switches, and the cables. The whole prototype
is encased in a solid and durable metal box that follows
industrial norms, too. This becomes the strength of the
IRTMS to be further demonstrated in a real operating
environment.

On the software aspect, the IRTMS prototype requires
the synergy between the PLC programming, the HMI
programming, and the integration of a router and an online
platform. This yields a desired remote accessibility of the
HMI for the machines’ monitoring and control.

Furthermore, the IRTMS prototype perfectly fulfills the
objective to support the PM scheduling. The tests on
running time monitoring, running time reset, PM
notifications, and remote access are completed
successfully.

In its current state, the IRTMS prototype does not yet
support a pass-through function, where the HMI can work
as a converter so that the user can use the Android phone
or the laptop/PC to change or edit the PLC programs. A
PLC with an ethernet connection makes this possible. The
interconnectivity in implementation with multiple
IRTMSs at a production site can be improved by using a
router with wireless internet service provider (WISP)
mode.

IV. CONCLUSION

An IoT-based running time monitoring system
(IRTMS) is proposed in this paper. Through this
automatic monitoring, the system is successful in
achieving two key objectives. Firstly, the system keeps
the preventive maintenance (PM) schedules of multiple
machines. Thus, the user can get the schedule overview
anytime and anywhere. Secondly, the system generates
reminder notifications at a certain remaining time. By this,
the user can prepare the material, components, or tools
required for the PM in advance.

By scheduling the PM based on the actual running time,
the efficiency of the PM will be increased. The PM is not
scheduled based on the planned production time or
projected production quantity anymore while omitting the
downtime to the calculation.

To the best of the authors’ knowledge, the proposed
system for PM scheduling represents a novel approach
and mechanism that has never been done before by any
researchers. A series of tests were conducted to simulate
and prove the operability and the functionality of the
IRTMS. The successful results encourage the real-life
implementation of the system in industrial applications.
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