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Abstract − The transition to Industry 4.0 requires major investments in devices and mechanisms that enable interconnectivity
between people, machines, and processes. One important concept related to Industry 4.0 is the so-called Industrial Internet
Of Things or IIoT. The application of IIoT in the industrial scope is the measurement of Overall Equipment Effectivness
(OEE) through the IoT paradigma. Generally, OEE measurements are carried out manually by production operators on the
machine being measured, and data processing is carried out by supervision manually as well to then analyze the OEE value
of the machine being measured. In this research, an ESP32-based OEE Analysis Development Board with MQTT protocol is
proposed to replace the manual OEE measurement process. The results of direct implementation on the production floor
show that the ESP32-based OEE Analysis Development Board with MQTT protocol can be used as an alternative to OEE
measurement with a maximum error value on OEE measurement of 16%.
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I. INTRODUCTION

THE Fourth Industrial Revolution, or Industry 4.0,
represents the current evolution of production sys-

tems following the merger of industrial automation and
information technology. Industry 4.0 technological in-
novations feature the integration of manufacturing sys-
tems [1], real-time management of product lifecycles,
and the decentralization of Information Technology
(IT) resources [2]. One of the critical concepts related
to Industry 4.0 is the so-called Industrial Internet of
Things (IIoT) [3], which refers to the use of intercon-
nected machines and automation devices equipped with
sensors in industrial environments [4]. The devices and
equipment used in Industry 4.0 primarily consist of pro-
prietary systems [5] owned by vendors [6] or services
from external companies, which are typically expen-
sive to implement and have various communication
protocols [7] that are difficult to standardize [8].

In several previous studies, designs related to OEE
have been implemented using low-cost devices. Gun
Maulanan [9, 10] developed a prototype of a perfor-
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mance monitoring system for press machines based on
the Internet of Things (IoT) to enhance machine per-
formance with optimal production output. The system
overview includes three Arduino Nano units as slaves
directly connected to multiple sensors, each slave then
connects to a Raspberry Pi as the master, which collects
and displays data in real-time.

Halldórsson [11] designed a system using a Rasp-
berry Pi as a data collector, receiving inputs from PLC
logic, and forwarding the data to a cloud server for
visualization using various software tools to measure
OEE. Mastang [12] provided knowledge on the basic
application of OEE measurement that can be easily
implemented and efficiently used with a Raspberry Pi.

Furthermore, Herrero [2, 4] mitigated the effi-
ciency utilization of Raspberry Pi as a low-cost device
in direct production line implementation. When im-
plemented, an error signal caused by electromagnetic
interference was identified. The study introduced a non-
physical method to handle electromagnetic interference,
thus maximizing the accuracy of OEE measurement
readings.

In another study, Kong [13] introduced a new de-
vice for calculating OEE using an ESP32 with the stan-
dard web protocol HTTP. However, the prototype de-
sign did not address the accuracy of the data produced,
leaving the efficiency of using ESP32 for actual OEE
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measurement in production line implementation uncer-
tain.

The final reference for the design of the ESP32-
based OEE Analysis Development Board with MQTT
protocol implementation is the study by Surya [14],
which compared the application of the MQTT protocol
and the HTTP protocol. The results of this study indi-
cated that the MQTT protocol has a faster data transfer
capability compared to the HTTP protocol, capable of
transferring data six times more efficiently than HTTP.

II. RESEARCH METHODS

The primary goal of this research is to replace the man-
ual data collection process on machines performed by
operators and to eliminate the manual OEE calculation
process, which is then replaced by a user interface. By
designing this low-cost device, it is expected that indus-
tries will no longer rely on external services or vendors
whose devices are difficult to standardize. The stages
of design and implementation are as follows: Litera-
ture Study, System Architecture, Pre-Implementation
Testing, Actual Implementation, and Problem Handling
in Actual Implementation. Before the design process,
a literature study was conducted from several journal
sources related to this research. The details of the re-
quired references are as follows:

1. Overall Equipment Effectiveness (OEE) [15] is a
metric useful for accurately estimating industrial
productivity. This metric can be measured in real-
time through the IoT paradigm, where smart devices
can collect important data, helping stakeholders
gather useful information to make informed deci-
sions to enhance productivity while reducing costs.

2. Low Cost Device: is a solution implemented in
the initial design of a system that has the same
capabilities as devices typically used by large com-
panies [2]. With low financial investment, it is ex-
pected to work optimally despite certain limitations.
There are many low-cost devices available in the
market, such as Particle.io, ESP8266, Arduino, and
Raspberry Pi [16]. In this research, the low-cost
device to be used is the ESP32 [17].

3. PostgreSQL: is a database management system that
supports various SQL standards and offers many
modern features [18].

4. Node-Red: is a development environment based
on Node.js and JavaScript developed by IBM engi-
neers, best suited for developing Internet of Things
(IoT) systems [19].

5. Grafana: is the main tool used for data visualization
[20].

6. MQTT Communication Protocol: is a communica-

tion protocol based on clients publishing/subscrib-
ing to topics from a broker. It is designed for im-
plementation on devices with limitations, low band-
width, and connected to unreliable networks [21].

7. EMQX Broker: is open-source software that func-
tions to receive and transmit messages sent by
clients [22].

i. System Architecture

The System Architecture used in the design of this tool
can be seen in Figure 1 as follows:

Figure 1: System Architecture of ESP32-Based OEE Anal-
ysis Development Board

The explanation related to the overall proposed
system is as follows:
1. Packaging Line: The actual line where the designed

tool will be implemented.
2. Development Board OEE Analysis: Data Logger

(Start, Stop, Qty OK & NG conditions).
3. MQTT Broker: using EMQX software.
4. Node-red & Grafana: Subscriber and User Inter-

face.
5. PostgreSQL: Storing actual reading data in real-

time.

ii. Pre-Implementation Testing

In the industrial scope, one of the implementations
related to IIoT is the application of Overall Equipment
Effectiveness (OEE) measurement. OEE is a metric
useful for measuring the productivity of machines in
industries. This measurement process is done manually
by production operators collecting data, which is then
processed to yield OEE measurement results. In the
OEE measurement process, there are three important
points: Performance, Availability, and Quality. OEE
can be calculated using Equation 1 [4]:

OEE =

(
Product CT×OK Products

Loading Time

)
×100% (1)

In IIoT, this calculation process can be replaced
with the IoT paradigm. The data collection process
performed by operators can be replaced by IoT de-
vices that log data directly from the machine for start
on/off status, stop on/off status, OK product count, and
NG product count. Then, the OEE calculation can be
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performed directly by the user interface utilizing an
algorithm similar to the OEE calculation formula.

Based on the designed system architecture, the
Development Board OEE Analysis has 4 input pins
activated as data loggers to collect data from the ma-
chine in real-time. Each input is directly connected
to respective machine inputs to continuously collect
data. Figure 2 explains the details regarding the OEE
Analysis Development Board wiring and data logger
targets on the machine where OEE measurements will
be implemented using the IoT paradigm.

Figure 2: Wiring of the Development Board OEE Analysis
with the target data logger on the machine

In the pre-implementation testing process, a laptop
is used as a server running EMQX software as the
broker, Node-red and Grafana as the subscriber and user
interface, and PostgreSQL as the database collection on
the server. Each software runs on the following links:
1. localhost:18083 for EMQX broker
2. localhost:1880/ui for UI on Node-red
3. localhost:3000/PK01 for UI on Grafana
4. localhost:5050 for PostgreSQL control

Figure 3 shows the EMQX and Node-Red inter-
faces, where the EMQX dashboard can be seen in Fig-
ure 3(a), and the user interface dashboard on Node-Red
can be seen in Figure 3(b).

(a) (b)

Figure 3: EMQX and Node-Red Interfaces (a) EMQX bro-
ker dashboard and (b) UI on Node-Red

Figure 4 shows the Grafana and PostgreSQL inter-
faces on pgAdmin, were the OEE measurement mon-
itoring dashboard can be seen in Figure 4(a), and the
PostgreSQL database control on pgAdmin can be seen
in Figure 4(b). The detailed image of the overall system
architecture during testing can be seen in Figure 5.

Next, testing is conducted on each input of the De-
velopment Board OEE Analysis by providing a voltage
of 5-24V. The voltage is then processed by the algo-
rithm built on the Development Board OEE Analysis

(a) (b)

Figure 4: Grafana and PostgreSQL Interfaces (a) UI on
Grafana (b) PostgreSQL on pgAdmin

Figure 5: Tool testing before implementation

to publish payloads according to the topic to the broker.
The broker then forwards the payload from the pub-
lished topic to the subscriber to be processed according
to the algorithm built on the Node-red software. The
detailed workflow of the publish and subscribe process
in the MQTT protocol can be seen in Figure 6.

Figure 6: Publish and Subscribe in the MQTT protocol

Table 1 shows the results of testing input 1 (IN1)
with payload START ON and START OFF.

Table 1: Test results for input 1 (IN1) by providing a voltage
of 5-24V as a signal to publish data

Time Sampling
#Real Signal #Store Signal Error

Start Stop

08:04:06 09:10:11 2 2 0
09:12:18 10:05:06 2 2 0
10:31:18 11:32:49 2 2 0
13:56:12 14:48:18 2 2 0
15:10:18 16:30:08 2 2 0

https://journals2.ums.ac.id/index.php/emitor/article/view/3908/version/3920
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Table 2 shows the results of testing input 2 (IN2)
with payload STOP ON and STOP OFF.

Table 2: Test results for input 2 (IN2) by providing a voltage
of 5-24V as a signal to publish data

Time Sampling
#Real Signal #Store Signal Error

Start Stop

08:34:06 08:46:11 2 2 0
09:15:18 09:20:06 2 2 0
10:41:18 11:02:49 2 2 0
14:26:12 14:28:18 2 2 0
15:40:18 15:50:08 2 2 0

Table 3 shows the results of testing input 3 (IN3)
with payload OUTPUT. There is an error of -1% in the
test tool with an input cycle time of 1.8 seconds and
2 seconds. This error is the comparison between the
real signal input and the store signal when the signal is
received by the PostgreSQL database. The error value
in the store signal can affect the final OEE measurement
result.

Table 3: Test results for input 3 (IN3) by providing a voltage
of 5-24V as a signal to publish data

CT (Second) Real Signal Store Signal Error

2 50 50 0%
1.8 200 200 0%
1.8 500 496 -1%
3 250 250 0%
2 400 398 -1%

Table 4 shows the results of testing input 4 (IN4)
with payload DEFECT.

Table 4: Test results for input 4 (IN4) by providing a voltage
of 5-24V as a signal to publish data

CT (Second) Real Signal Store Signal Error

2 5 5 0%
1.8 25 25 0%
1.8 50 50 0%
3 100 100 0%
2 200 200 0%

The details of the parameters related to pre-
implementation testing can be seen in Table 5.

iii. Actual Implementation

After the initial design and testing, the next step is
direct implementation on the production floor. The im-
plementation process was carried out in the packaging

Table 5: Parameter Testing Unit

Parameter Testing Unit

Device ESP32U + 8Dbi Antenna
QoS 0
Retain Status FALSE
WiFi Name ADRMOBILE
Internet Speed 20Mbps
Extender Router Range 28M
RSSI (-65) - (-75) dBm

line area at an automotive spare part manufacturing
industry in the Tangerang district. Figure 7 shows the
actual wiring of the Development Board OEE Analysis
to the packaging line (Auto Dust Cover Machine).

Figure 7: Tool testing during actual implementation

Figure 8 (a) shows the detailed process of placing
the unit, where the distance between the Development
Board OEE Analysis and the extender router is 19.877
meters. Figure 8 (b) provides information on the OS
used and the communication details. The detailed pa-
rameters during actual installation on the line are as
follows in Table 6.

(a) (b)

Figure 8: Actual Tool Implementation (a) Distance from
Development Board OEE Analysis to Extender
Router (b) Server OS information and data com-
munication.

Table 7 shows the results of testing input 1 (IN1)
during actual implementation. Data collection was
carried out from November 20-25, 2023, over one week
with five working days and a total of two shifts.

From Table 7, it can be observed that the accuracy
of reading input 1 (IN1) shows varying results between
the real signal and the stored signal, with the error being
highly variable. This variation in the stored signal in
MQTT communication is referred to as packet loss
and delay. To address this issue, improvements were
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Table 6: Installation Unit Parameters

Parameter Installation Unit

Device ESP32U + 8Dbi Antenna
QoS 0
Retain Status FALSE
WiFi Name ADRMOBILE
Internet Speed 20Mbps
Extender Router Range 19.877M
RSSI (-55) - (-65) dBm

Table 7: Results of reading input 1 (IN1) during actual
wiring on the auto dust cover machine

Time
Real Signal Store Signal Error

Start Stop

20/12/2023 07:00 21/12/2023 07:00 8 6 -25%
21/12/2023 07:00 22/12/2023 07:00 8 3 -63%
22/12/2023 07:00 23/12/2023 07:00 8 5 -38%
23/12/2023 07:00 24/12/2023 07:00 8 3 -63%
24/12/2023 07:00 25/12/2023 07:00 8 6 -25%

made by modifying the program through an algorithmic
approach.

iv. Problem Handling in Actual Implementation

The algorithmic approach to address the issues encoun-
tered during implementation is as follows:

{\textbf{Algorithm 1:} Retry Mechanism}

// Reconnect WiFi if it’s disconnected

if (!wifiConnected) {Serial.println("WiFi

disconnected. Reconnecting...");

setup_wifi();

}

if (!client.connected()) {

reconnect();

}

client.loop();

\textbf{Algorithm 2: Branch Setting}

const char* msg_topic1 = "OEE1";

const char* msg_topic2 = "OEE2";

\textbf{Algorithm 3: Retain Flag}

client.publish(msg_topic1, (const uint8_t*)"START ON",

strlen("START ON"), true);

III. RESULTS AND DISCUSSION

After making improvements with several algorithmic
approaches, the program was re-uploaded and re-
implemented on the production floor. Data was col-
lected for one week from December 4 to December 9,
2023. During one week, with 5 working days and a
total of two shifts.

Table 8 shows the results of testing input 1 (IN1)
after program modification with the algorithmic ap-
proach.

Table 8: Results of reading input 1 (IN1) with actual wiring
on the auto dust cover machine

Time
Real Signal Store Signal Error

Start Stop

04/12/2023 07:00 05/12/2023 07:00 8 8 0,00%
05/12/2023 07:00 06/12/2023 07:00 8 8 0,00%
06/12/2023 07:00 07/12/2023 07:00 8 8 0,00%
07/12/2023 07:00 08/12/2023 07:00 8 8 0,00%
08/12/2023 07:00 09/12/2023 07:00 8 8 0,00%

Table 9 shows the results of testing input 2 (IN2)
after program modification with the algorithmic ap-
proach. There is an error of 5.88% in the actual imple-
mentation. The error value in input 2 (IN2) is input for
downtime data, which is one of the parameters in OEE
measurement. Therefore, this can affect the final OEE
measurement result.

Table 9: Results of reading input 2 (IN2) with actual wiring
on the auto dust cover machine

Time
Real Signal Store Signal Error

Start Stop

04/12/2023 07:00 05/12/2023 07:00 26 26 0,00%
05/12/2023 07:00 06/12/2023 07:00 18 18 0,00%
06/12/2023 07:00 07/12/2023 07:00 16 16 0,00%
07/12/2023 07:00 08/12/2023 07:00 34 36 5.88%
08/12/2023 07:00 09/12/2023 07:00 30 30 0,00%

Table 10 shows the results of testing input 3 (IN3)
after program modification with the algorithmic ap-
proach. The error varies. One cause of the error in
input 3 (IN3) is the error appearing in input 2 (IN2).
An error in input 2 (IN2) can prevent input 3 (IN3) from
storing the signal of OK products to the PostgreSQL
database. Besides this error, the values in Table 13 can
also be caused by packet loss and delay in the MQTT
protocol.

Table 10: Results of reading input 3 (IN3) with actual
wiring on the auto dust cover machine

Time
Real Signal Store Signal Error

Start Stop

04/12/2023 07:00 05/12/2023 07:00 14812 14808 -0,03%
05/12/2023 07:00 06/12/2023 07:00 13254 11890 -10,29%
06/12/2023 07:00 07/12/2023 07:00 13725 13120 -4,41%
07/12/2023 07:00 08/12/2023 07:00 12615 9493 -24,75%
08/12/2023 07:00 09/12/2023 07:00 9945 9729 -2,17%

Table 11 shows the results of testing input 4 (IN4)
after program modification with the algorithmic ap-
proach.

Table 12 shows the results of OEE measurement
based on shift data sampling manually collected by
production operators. This data is based on production
results recorded on the Daily Production Control (KPH)
form and serves as a reference for store signals on each

https://journals2.ums.ac.id/index.php/emitor/article/view/3908/version/3920
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Table 11: Results of reading input 4 (IN4) with actual
wiring on the auto dust cover machine

Time
Real Signal Store Signal Error

Start Stop

04/12/2023 07:00 05/12/2023 07:00 57 57 0,00%
05/12/2023 07:00 06/12/2023 07:00 60 60 0,00%
06/12/2023 07:00 07/12/2023 07:00 62 62 0,00%
07/12/2023 07:00 08/12/2023 07:00 29 29 0,00%
08/12/2023 07:00 09/12/2023 07:00 47 47 0,00%

input from IN1-IN4 on the Development Board OEE
Analysis. The OEE calculation in Table 15 results from
applying the OEE measurement formula.

Table 12: OEE measurement results based on manually col-
lected sampling shift data by the operator

Day
Product CT

(Second)
OK Products Loading Time (S) OEE

1 2.7 14751 50400 79%
2 2.7 11830 50400 63%
3 2.7 13058 50400 70%
4 2.7 9464 50400 51%
5 2.7 9682 50400 52%

Table 13 shows the results of OEE measurement
based on shift data sampling using the IoT paradigm
with the Development Board OEE Analysis.

Table 13: OEE measurement results based on shift data sam-
pling using the IoT paradigm with the Develop-
ment Board OEE Analysis

Day Product CT OK Products Loading Time (S) OEE

1 2.7 14751 50400 79%
2 2.7 11830 50400 63%
3 2.7 13058 50400 70%
4 2.7 9464 50400 51%
5 2.7 9682 50400 52%

Table 14 shows a comparison of measurement re-
sults with manually collected shift data and shift data
available through the IoT paradigm using the Develop-
ment Board OEE Analysis.

IV. CONCLUSION

Based on the implementation results of manual OEE
measurement replaced by the IoT paradigm with the
Development Board OEE Analysis design, it can be
concluded that the MQTT protocol implementation can
be applied for OEE measurement. In actual data collec-
tion during a one-week implementation, the maximum
error in OEE measurement was -16%. Future research
plans to address data accuracy issues using other algo-
rithmic approaches to resolve the signal error problem.

Table 14: Comparison of measurement data between man-
ual and IoT paradigm using the Development
Board OEE Analysis

Manual Development Board OEE Analysis Error

79% 79% 0%
71% 63% -8%
73% 70% -3%
67% 51% -16%
53% 52% -1%
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