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Abstract—The integration of Operational Technology (OT) and Information Technology (IT) plays a pivotal role in optimizing
enterprise-level decision-making, improving company efficiency and productivity. In this research, a software connector was
designed to link Programmable Logic Controllers (PLCs) with Odoo’s Enterprise Resource Planning (ERP) system, facilitating
real-time data acquisition from industrial machines. The integration supports communication protocols such as Modbus
TCP/IP, Ethernet IP, and Profinet, enabling seamless data flow between OT and IT systems. To demonstrate this integration, a
bottle sorting plant controlled by a PLC was developed, with production data transmitted in real-time to Odoo ERP. The Overall
Equipment Effectiveness (OEE) method was employed within a custom-built manufacturing module in Odoo to monitor key
performance metrics, including Availability, Performance, and Quality. Results of the OEE analysis were cross-verified with
manual calculations, showing a 0% discrepancy, thus ensuring accuracy. In addition, the OEE metrics were visualized in
Grafana, where real-time monitoring revealed the sorting machine's OEE at 85.7%, placing it in the world-class category.
Auvailability reached 96.67%, Performance was at 92.53%, and Quality measured at 95.7%. This system not only streamlined
production processes but also provided actionable insights, enabling the company to make data-driven improvements. The
findings of this research highlight the benefits of IT-OT integration, improving machine performance and serving as a vital tool
for evaluating production efficiency at the enterprise level.
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1. INTRODUCTION

The rapid evolution of industrial automation systems since the early 20th century has forced companies to
continuously improve their production efficiency and effectiveness to remain competitive, particularly with the
rise of Industry 4.0[1]. In this new era, digital transformation has become essential, integrating digital technologies
into all aspects of company operations to ensure timely and accurate data reporting[2]. However, many
manufacturing companies still rely on manual data input and reporting, which not only increases the likelihood of
human error but also introduces data inconsistencies between departments, potentially leading to costly mistakes
in decision-making[3].

The growing complexity of modern production lines, which are integral to generating products, combined
with the increasing use of machinery, makes the risk of performance degradation a critical issue[4]. This decline
in machine performance can negatively impact both productivity and product quality over time. Therefore,
implementing a robust monitoring system that tracks machine efficiency and performance is crucial. The Overall
Equipment Effectiveness (OEE) method is recognized as a highly effective tool for evaluating production line
performance and identifying areas for improvement[5].

To address the limitations of manual data reporting and to enhance production monitoring, an innovative
approach that integrates Operational Technology (OT) and Information Technology (IT) is proposed. OT systems,
such as SCADA, PLCs, sensors, and motors, manage production equipment, while IT systems, including ERP
platforms like Odoo and monitoring tools like Grafana, handle business and production data. By integrating OT
and IT, companies can streamline data flow from the factory floor to enterprise-level applications, eliminating
manual data entry and improving decision-making based on real-time information[6].

This integration is achieved through the development of a software connector that links data from PLCs to
Odoo ERPJ[7]. The system supports multiple communication protocols, including Modbus TCP/IP, Ethernet IP,
and Profinet, ensuring compatibility with various PLC brands. A prototype bottle sorting system was designed to
validate the proposed integration, capturing operational data such as machine run-time and bottle volume, which
was then analyzed using the OEE method within the Odoo ERP. This data was also visualized in real-time using
Grafana, enabling efficient and informed decision-making[8].

Previous studies have focused on individual aspects of IT or OT, such as ERP module development or basic
SCADA integration, but have not addressed the full potential of IT-OT integration[9]. This research aims to bridge
that gap by designing a comprehensive IT-OT integration system, offering a more advanced solution for
monitoring and improving production processes in industrial environments[10]. By ensuring real-time, accurate
data reporting, this system represents a significant advancement in the drive toward achieving greater production
efficiency and quality in Industry 4.0[11].
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2. RESEARCH METHODOLOGY

In this research, the Overall Equipment Effectiveness (OEE) method is implemented in a bottle sorting plant to
monitor total production output and duration, particularly within the Quality Control (QC) section. The plant
operates with a Schneider PLC using the Modbus protocol, which collects production data via a software connector
and transmits it to the Odoo ERP system for OEE analysis[12] [13]. To ensure the software connector's capability
to gather data through multiple protocols, a dummy program was developed on a Siemens PLC utilizing the
Profinet protocol and an Allen Bradley 1756-L62 PLC employing Ethernet/IP. This integration allows users to
automatically assess machine effectiveness and efficiency based on established OEE standards, facilitating
enhanced monitoring of the bottle sorting process[14].

2.1 The Overall System Design

This research is structured around four key components: hardware, APl service, Odoo ERP, and Grafana. The
hardware includes a bottle sorting plant and a control panel equipped with both a PLC and Arduino. As illustrated
in Figure 1, the data flow begins with input and output signals from sensors and actuators integrated into the bottle
sorting plant, which is managed by a Siemens PLC. The collected data is transmitted via an API service to the
Odoo ERP system, where it is processed and subsequently displayed on Grafana. Additionally, the system
architecture can be divided into three main sections: hardware, software connector, and Odoo ERP. The hardware
setup involves the bottle sorting plant and a control panel containing the PLC, while dummy production data is
provided by a Siemens PLC and an Allen Bradley PLC for validation purposes. This data is transmitted to the
Odoo ERP using the software connector and API service for further analysis [15][16].
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Figure 1. Diagram Block System
2.2 Hardware Design

The hardware in this research consists of the bottle sorting plant and workflow process, as shown in Figures 2 and
3. The bottle sorting plant is equipped with 2 photoelectric sensors to differentiate between good and bad products
and to trigger the rejector, 2 proximity sensors to measure cycle time and count the actual output, and a push-pull
type solenoid actuator to reject bad products. The plant also includes push buttons to control the conveyor operation
and indicator lights to signal the conveyor's status. Clear bottles are categorized as good products, while black
bottles are categorized as bad products[15][17].
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Figure 2. Bottle Sorting Plant
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Figure 3. Workflow bottle sorting plant

The control panel itself consists of a Schneider PLC, a Siemens PLC, and an Allen Bradley PLC. For
controlling the bottle sorting plant, 1/O mapping is required for the sensors and actuators. In this research, only
digital input and digital output channels are used. Table 1 shows the I/0 mapping used in the Schneider PLC[18].

Table 1. Mapping 1/0 PLC Schneider

No PLC Hardware Address
1 10 Sensor Photoelectric 1 %I10.0
2 11 Sensor Photoelectric 2 %I10.1
3 12 Push Button Start %I10.2
4 13 Push Button Stop %I10.3
5 14 Proximity Sensor 1 %I10.4
6 15 Proximity Sensor 2 %I10.5
7 Qo0 Conveyor %Q0.0
8 Q1 Rejector %Q0.1
9 Q2 Lamp Indicator ON %0Q0.2
10 Q3 Lamp Indicator OFF %0Q0.3

2.3 Software Connector Design

The design of the software connector in this research is based on a use case, as illustrated in Figure 4. The
development process begins by assessing user requirements and identifying necessary features. To build the
connector, VS Code is used as the debugger, Codelgniter as the framework, MariaDB as the database system, and
Node.js to acquire data from the PLC and send it to Odoo ERP. The software system consists of three main
components: the API service, ERP Odoo, and Grafana. The API service was developed using VS Code and Node.js
to retrieve data from the Siemens PLC via the Profinet protocol. This data is stored in PostgreSQL, which serves
as the database for ERP Odoo, where the OEE method is applied to analyze bottle production results. For
monitoring purposes, data from PostgreSQL is sent to Grafana, where it is visualized through graphs, bar charts,
and pie charts, showcasing the three key OEE indicators: Availability Ratio, Performance Rate, and Rate of
Quality.[7][19].
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Figure 4. Use Case Software Connector
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2.4 ERP Odoo Module Design

The ERP Odoo, OEE analysis will be performed on the bottle sorting plant. The testing process is conducted by
accessing the database utilized by Odoo itself, namely PostgreSQL. The data sent from the Siemens PLC will be
obtained by the API Service. After that, the data will be stored in the database. Furthermore, it will be processed
in the Odoo backend using the OEE calculation formula. This backend data will then be displayed in Grafana in
the form of tables and charts.[20].

3. RESULT AND DISCUSSION

In this chapter, the discussion will focus on the results of the research and the testing that has been conducted. The
testing covers hardware, the software connector, and Odoo ERP.

3.1 Hardware Testing

The hardware testing was carried out to assess the success of integrating the PLC, Arduino, and the bottle sorting
plant. The Arduino was programmed to process reading the data from photoelectric and load cell sensors to detect
incoming products and activate an actuators to dispose any defect items. The sensor data readings by Arduino was
transmitted using relays through the digital inputs available on the PLC. The success of this integration was
confirmed by the bottle status readings displayed on the HMI, as shown in Figure 5.

Figure 5. Integration Between PLC and Bottle Sorting Plant

3.2 Software Connector Testing

The testing of the software involves embedding the node.js logic into an executable (.exe) file. During the
acquisition process, configuration of the PLC's IP Address, port, rack and slot used in the Profinet protocol is
required. The .exe file will execute its logic by retrieving values from the PLC. Parameters that are read on the
PLC including the actual output, good product, bad product, planned time, and downtime are used for OEE
analysis. The acquired values will then be stored in a PostgreSQL database and processed through ERP Odoo. The
following is display of the PLC data acquisition. In addition, it is necessary to configure the data transmission
trigger, which can be based on time intervals or sent when only there is incoming data

Figure 6. Data Acquisition from Schneider PLC

Figure 6 shows the data acquisition results from Schneider PLC using the Modbus protocol. Parameters
read from this PLC include actual output values, good product counts, planned time, and downtime, which are
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used for OEE analysis. The values obtained are real data from the bottle sorting plant. The acquisition process
requires configuring the PLC's IP Address and the Modbus protocol port, as well as setting the data acquisition
interval according to requirements.
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Figure 7. Data Acquisition from Siemens PLC

The results of data acquisition from the Siemens PLC are shown in Figure 7, where dummy data is generated
using timer and counter commands. This dummy data simulates reading one good product every 2 seconds, and
after 5 good products, the system reads one bad product, repeating this pattern in a loop. The software connector
displays both good and bad product counts. For configuring the Profinet protocol, settings such as IP Address,
protocol port, PLC rack and slot, and data acquisition interval are required.
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Figure 8 Data Acquisition from Allen Bradley PLC

Figure 8 presents data acquisition from an Allen Bradley PLC using the Ethernet/IP protocol. Similarly,
dummy data is used here, with the system simulating a good product reading every 4 seconds. After 3 good
products are read, 1 bad product is recorded, and this sequence repeats. The configuration for this protocol is
simpler, only requiring the IP Address and data acquisition interval, as the Allen Bradley PLC offers a user-friendly
setup.
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Figure 9. Odoo ERP Account Configuration

Once data has been successfully retrieved from the PLC, the next step involves configuring the Odoo ERP
account to receive the production data, as demonstrated in Figure 9.
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Figure 10. ERP Odoo Module Configuration

Figure 10 shows the setup required to initialize the module where production data will be stored.

.

32 Pirsa = = g
fre—

Module Data
# Dashboard
Module  Data Triggers
conTRouEn
B Controller =
Add Data

extema appucanon

- o K Data Ty Vali A
Fiixe Filx

No t

oy Odoo
EVENT
@ Event
w068
D Logs

Figure 11. Configuration of Data to be Sent to Odoo ERP

The final step in sending data to Odoo ERP involves specifying details such as the data source, which may
come from a Schneider, Siemens, or Allen Bradley PLC, and including the relevant PLC address. Additionally,
configurations must be set for triggering data transmission, which can be based either on time intervals or on
incoming data events.

3.3 Testing of the ERP Odoo Manufacturing Module

The ERP Odoo, OEE analysis will be performed on the bottle sorting plant. The testing process is conducted by
accessing the database utilized by Odoo itself, namely PostgreSQL. The data sent from the Siemens PLC will be
obtained by the API Service. After that, the data will be stored in the database. Furthermore, it will be processed
in the Odoo backend using the OEE calculation formula. This backend data will then be displayed in Grafana in
the form of tables and charts.

Figure 12. OEE Analysis Results

Figure 12 shows the frontend view of the little MRP manufacturing module displaying real-time production
data, including planned time, downtime, actual output, good product, and cycle time. Additionally, OEE analysis
results are displayed, including Availability, Performance, Quality, and total OEE.
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3.3 Grafana Testing

In order to facilitate the process of monitoring the OEE analysis results, a dashboard is created as shown in the
image. The dashboard displayed a gauge chart and a bar chart of the OEE calculation results, making it easier to
monitor OEE based on real-time data and shift data.
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Figure 13. OEE dashboard results on Grafana
3.4 OEE Analysis Result

Data collection from the bottle sorting plant is conducted every hour, reflecting periodic data gathering in the
industry corresponding to each shift. The data collected includes the number of good products produced, the
number of bad products, downtime duration, production time (Loading Time), and cycle time. The production
results are shown in Table 2[4].

Table 2. Data Production Result for OEE Analysis

Data Data
) Loading Cycle . . Good Actual
Ke Time(Menit) Time(Menit) Downtime(Menit) Product Output
1 60 0,116666667 2 440 460
2 60 0,116666667 10 375 340
3 60 0,116666667 20 275 200

Here are the results of the manual calculations of the production data presented in Table 2:

A Operating Time 0
A (/0) Loading Time x 100 % (1)
=22 100 %
60
=96,67%
P (%) — Cycle Time x.Actuz.al Output % 100 % (2)
Operating Time
— 0,116666667X 460 X 100 %
60-2
= 92,53 %

Q (%) — Good Product x 100 % (3)

Actual Output
440

= —x 100 %
460
=95,65 %
After determining the final results for the three OEE variables—Auvailability, Performance, and Quality—
the OEE value based on this data is:
OEE (%) =AxPxQ
=0,9667 x 0,9253 x 0,9565
=0,8556
= 85,56 %
Data ke-2:
A (%) = Operating TimeLoading Time x 100 %
= 60-1060 x 100 %
83,33%
Cycle Time x Actual OutputOperating Time x 100 %
0,116666667x 37560-10 x 100 %
87,50 %

P (%)
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Good ProductActual Output x 100 %
340375 x 100 %
90,67 %

Once the final values for the three OEE variables—Availability, Performance, and Quality—are
determined, the OEE value based on this data is:
OEE (%) =AxPxQ
=0,8333x 0,875 x 0,9067
=0,6611

=66,11 %

Data ke-3:
A (%) = ZperadngTime, 44 g
Loading Time

=20204100 %
60

=66,67%
P (%) — Cycle Time x Actual Output

— x 100 %
Operating Time
0,116666667x 275
= ——x100%
60-20
= 80,21 %
Good Product
Q (%) = Ty 100 %
Actual Output
200

= —x 100 %
275
=72,73%
Once the final values for the three OEE variables—Availability, Performance, and Quality—are

determined, the OEE value based on this data is:
OEE (%) =AxPxQ

=0,6667 x 0,8021 x 0,7273

=0,3889

=38,89 %

3.5 Comparison of Manual OEE with ERP Odoo

To validate that the integration system has been successful, a comparison is made between the OEE analysis
results displayed in ERP Odoo, shown in Figure 17, and the manual calculations performed. The results of this
comparison are presented in Table 3.

40.00 6667 8021 7273 3839

6000 2000 012 275.00 20¢
6000 1000 012 o
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34000 s0.00 8333 8750 5067 .11
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Figure 14. OEE Result on ERP Odoo
Table 3. Result Comparison Between OEE Manual and ERP Odoo

OEE (Manual) OEE (ERP Odoo) Error
Data ke- (%) (%) (%)
1 85,56 % 85,56 % 0%
2 66,11 % 66,11 % 0%
3 38,89 % 38,89 % 0%

4. CONCLUSION

The successful integration of Information Technology (IT) and Operational Technology (OT) has been achieved
through the development of a bottle sorting prototype, where a Siemens PLC utilizing the Profinet protocol serves
as the control unit. Production data from this prototype is acquired via an Software connector, which transmits the
information to Odoo ERP for analysis using the Overall Equipment Effectiveness (OEE) method. The results are
then visualized in real-time on a Grafana dashboard, providing graphical and dashboard formats for better
monitoring. This real-time data flow from the PLC to Odoo ERP significantly enhances operational efficiency,
ensuring that production processes remain smooth and that product quality is maintained. To ensure the accuracy
of the Software connector, a comparison was made between the OEE calculations from the system and manual
calculations, resulting in no discrepancies and a 0% error rate. This confirms that the IT-OT integration system is
both reliable and effective in its data acquisition and analysis functions. Data acquisition is facilitated by
configuring the IP address and port of the PLC, followed by setting up the relevant data addresses and PostgreSQL
database parameters. In this study, the Software connector successfully retrieved data from the Siemens PLC using
Profinet, further validating the system's capabilities. Additionally, to test the software connector's compatibility
with multiple protocols, dummy programs were created for two other PLC types: a Schneider PLC using Modbus
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and an Allen Bradley 1756-L62 PLC using the Ethernet/IP protocol. The successful data acquisition from all three
PLCs demonstrates the software connector’s versatility in handling different communication protocols. The
transfer of production data from the PLC to Odoo ERP was achieved by configuring the necessary account details,

such

as the Odoo URL, database, username, and password. A custom module within Odoo was developed to store

and process the acquired production data, enabling OEE analysis and displaying the results in graphical form. This
IT-OT integration system enables real-time data transmission, providing companies with the tools to boost
productivity and optimize production efficiency while maintaining high standards of product quality.
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