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 In the last few decades, the industrial sector has experienced rapid 

growth, driven by increasing demand and intense competition 

among manufacturers, especially in the electronics sector. This 

competition focuses on providing superior products with 

competitive prices, maintained quality, and optimal delivery 

times. Optimizing manufacturing processes and effectively 

utilizing company resources have become key to competitiveness 

in the manufacturing industry. To ensure comprehensive 

optimization and smooth manufacturing workflows, it is crucial 

to engage in systematic evaluation and analytical processes. One 

of the key performance metrics in assessing manufacturing 

process efficiency is Overall Equipment Efficiency (OEE), which 

is used to uncover improvement opportunities and inefficient 

areas. Accurate OEE measurement requires a data mining systems 

with automated quantitative data collection methods and real-time 

calculations. These systems visualize process losses in six 

(pareto) groups, aiding users in analyzing processes and 

determining process improvements. The implementation of OEE 

and alert systems for management can bring an 11.82% increase 

in overall production efficiency. This achievement can serve as a 

model for other companies embarking on the initial stages of 

digital transformation processes. 

 

 

INTRODUCTION 

Industry has grown rapidly in the last decades, driven by the increasing human needs 

and the competition among industries to produce a better and competitive goods, both in terms 

of quality and price [1], [2]. Time to market is become an additional factor on winning the 

competition. Technology has become a huge supporter in the industry growth. The electronics 

manufacturing industry plays a pivotal role in advancing technology, driving economic growth, 

nurturing innovation, generating jobs, and improving various aspects of human life[3]. It is 

importance lies in its ability to shape the present and future of society, making it a key player 

in the global economy and technological landscape. 

In Indonesia, manufacturing sectors contribute for 20% of Gross Domestic Product 

(GDP), and electronics manufacturing as one of its important sub-sectors[4]. Implementing 

automation in electronics manufacturing industry become trend to win the competition and 

shorten the product time to market. Nowadays, governments are increasingly focusing on the 

adoption of advanced manufacturing technologies, while also emphasizing sustainable and 

responsible production methods [5].  

The use of fully automated machines using PLCs as their controllers is becoming more 

widespread [6]. This is because the use of PLCs in the industry as the controller for machines 
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is still the best choice [7], [8],[9]. However, even when using fully automated machines with 

PLCs as their controllers, the performance of the machines that are continuously used will 

gradually decline. With the decrease in performance, there is a concern that the quality of the 

products produced will also decrease [10].  

To maintain the quality of products to remain competitive in the market, periodic 

maintenance of production machines is also required, so that the existing machines can be used 

and remain in good performance to produce products [10],[11]. In addition, maintenance is 

needed to reduce unexpected damages and extend the lifespan of the machines [12], as poorly 

maintained machines are inefficient due to frequent downtime caused by breakdowns [13]. 

Continuous improvement must be carried out to support the production process, and to carry 

out the improvement process. It is necessary to clearly understand the occurred problems in the 

machines, to ensure the correct analysis process could be done and optimal improvement can 

be made [14]. Total Productive Maintenance (TPM) is a maintenance process method which 

developed to improve productivity by performing maintenance on keeping the machines in 

good and usable condition. Good maintenance and repair could increase machine efficiency, 

and also minimize losses [1],[15].  

The main goal of TPM is to increase productivity with cost-effective investments [16]. 

TPM also incorporates quality as a priority, aiming for a flawless production process with no 

defects, scrap, breakdowns, accidents, or wastage during both operation and changeovers [17]. 

In TPM methodology, to determine the machine effectiveness or equipment usage, the metric 

called Overall Equipment Effectiveness (OEE) could be used. The data collection methods in 

OEE system were using quantitative collective methods during certain period of time, which 

run automatically from machine to the main database. In this system, OEE is obtained by 

considering several factors, such as: machine or equipment availability, performance efficiency, 

and the produced products quality [2],[18],[19]. 

The standard formula to calculate OEE values from machine or equipment, have been 

elucidated by the Japan Institute of Plant Maintenance [15],[17]. Nakajima in his book, 

describes the world class ideal OEE parameters, will be following the illustrated values shown 

in Table 1.  
Tabel 1. World class OEE parameters [15] 

Description Values 

Availability (%) 90% 

Performance Efficiency (%) 95% 

Quality Rate (%) 99% 

Ideal OEE 85% 

 

Availability (%) =  
(Required Available Time − Downtime)

Required Available Time
𝑥 100%

 (1) 

Performance Efficiency (%) =  
(Design Cycle Time x Equipment Output)

Operating  Time
𝑥 100%

 (2) 

Quality Rate (%) =  
(∑ Production Input − ∑ Quality Defects)

∑ Production Input
𝑥 100%

 (3) 

OEE(%) = Availability (%)  x Performance Efficiency (%)  x Quality Rate (%) (4) 

 

Basic formula for “availability” represents the condition of a machine being prepared to 

produce a product within a specified timeframe. Availability level is determined through 

dividing process of the machine's operational time for producing products by its total loading 

time, as shown in equation (1).  Performance Efficiency indicates the machine's performance 

during production, assessing whether it meets the intended production quantity within a 

designated timeframe, based on the machine's original maximum capacity. Performance 

efficiency values could be determined by using equation (2). The Quality Products Rates 
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signifies the percentage of acceptable products compared to the total production output. The 

quality rate can be expressed in equation (3).  

From the three elements of “World class OEE parameters”, six major losses in 

manufacturing activity could be identified and providing a good framework for categorizing 

existing losses, making it easier to identify which efforts will have a significant impact on 

increasing the OEE values [14], [20]. The classification of six major losses in OEE 

measurement were distributed as shown in Figure 1. Furthermore, the data accuracy for 

measuring OEE depends on the data mining process which being implemented in the 

manufacturing area, and it is become critical factor for assessing the process efficiency.  

 

Figure 1. Six Big Losses Classification in OEE Measurement 

 

Manufacturing process for electronics industry is a combination between manual 

process (high human dependency), semi-automatic, and fully automatic process. Human 

operator  become one of the important factor which affecting final OEE result, due to potential 

human error and fatigue that could lead to equipment idling or equipment minor stoppage 

[16],[22]. 

In study conducted by Hedman, mostly manufacturing team will perform data collection 

manually and recorded in Excel files for OEE calculation [20]. It has a big concern related with 

data manipulation by human operator, which could lead to a false OEE calculation, analysis, 

and wrong improvement plan in the production area. Finally, this led to unnecessary expense 

and resources which occurred due to wrong decision making. To avoid this condition, direct 

data collection from machines for OEE calculation automatically by utilizing direct 

communication between PLC controllers on the machines and performed automatic data 

exchanging through Ethernet ports [18],[21] which will be stored in a database or server. With 

direct data collection from the machines using PLC controllers, data accuracy expected to be 

above 90% and the machine maintenance future improvements can be precise. 

 

METHOD 

This research methodology is arranged with systematic flow that involved identifying 

issues, studying literature, gathering information, conducting investigations, ultimately 

formulating the final solution, and evaluating the research as shown in Figure 2.  
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Figure 2. Research Flow Chart [23], [24] 

 

This research will be focusing on data mining process, visualizing the machine data in 

the dashboard for analysis, and management alert system for the issue with long period. The 

data mining with process analytics system will use Microsoft SQL Server 2019 for the main 

database storage, which using quantitative data collection methods. To support the automatic 

data mining process, a dedicated ethernet port number 1433 (TCP/IP) will be open and utilize 

for database connection inside this system. To reduce the risk and ensure there is no human 

dependency in data mining process from the machine and potential virus threat, PLC with direct 

connection to database will be used as bridging data collector. Custom dashboard and analytics 

platform will be built under ASP.NET. Figure 3 shows the process flow of the datamining and 

process analytics system. 

Start

Machine 
Operated

Equipment 
Parameter Setting 

Timestamp 
of Data

SQL 
Server

 Machine 
Status Code, 
Error Code

Data 
Product Qty, 

OK, NG

Dashboard 
Display Machine 

Stop?

End

NO

YES

Controller Bridging 
As Collector

Time Losses > 
threshold?

NO

YES

Alert System to 
User

Data 
Analytics 

Data 
Calculation/ 
processing 

 

Figure 3. Flow Chart of Datamining and Process Analytic System 

 

An alert system has been embedded in this system, to ensure once there is an 

abnormality occurred in the production line, the problem-solving period were optimum and 

handle effectively by the stakeholder. The alert system rules and escalation level could be seen 

in Table 2. This system was integrated with Telegram instant messaging and email to trigger 

the alert to the respective stakeholder. 
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Tabel 2. Alert System Escalation Rules Variable 

Stakeholder Time Losses Limit 

Supervisor 30 minutes < Time Losses ≤ 1 hours 

Manager 1 hour < Time Losses ≤ 2 hours 

Division Head 2 hours < Time Losses ≤ 3 hours 

Plant Director Time Losses > 3 hours 

 

Considering the process in electronics manufacturing are combination between 

automatic process, semi-automatic process, and manual process (high human dependency), 

specific function on measuring the process transfer time and operator handling time were being 

implemented. With this approach, once there is a delay or abnormal time spend during transfer 

could be suppress and necessary action plan could be defined by stakeholder to reach optimum 

process flow.  

  

           Figure 4. System Architecture for Data Mining in Electronics Product Assembly Line 

 

Figure 4 illustrates the overarching system architecture for mining data on the 

electronics product to assembly line. The implementation of direct Ethernet IP communication 

between the PLC and the database has significantly reduced the human intervention on data 

mining process which leads to enhanced data accuracy. To facilitate data sharing between the 

PLC and the server within the system, Ethernet IP, OPC UA and Modbus TCP protocols were 

being used. Additionally, a variety of Application Program Interfaces (APIs) were deployed to 

ensure seamless communication with the factory's ERP system, the maintenance scheduler and 

technical support software.  

The data mining and performance analytics dashboard were required to be accessible to 

the management team from external locations. To address potential cybersecurity threats, a 

firewall and redundant server with weekly data backup scheduler were integrated into the 

system. To support of manufacturing activities, several gadgets in the form of tablet PCs were 

provided and linked to the main system. These tablets empower assembly line machine’s 

operators to provide feedback on various conditions not covered by sensors, including 

acknowledging break times, initiating changeover processes, or reporting issues related to 

material availability. Generally, in the electronics industry, data will be obtained by utilizing 

inputs from machine sensors which indicate the machine's condition, as well as data variables 

or errors generated by the machine. Each of these conditions will be classified into six major 

losses, which are used as the basis for calculating machine availability, performance rate, and 

quality rate.  
Tabel 3 shows the big losses classification, in correlation with the error code, and root 

cause of the error. Through this approach, correct calculation to determine the OEE values could 

be done for the machine plan which has been created. Base on those result, next action plan for 
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improvement could be made effectively, efficient and straight forward to reduce the losses in 

the next production activities. 
Tabel 3. Big 6 Losses Classification on OEE Measurement 

Loss Category 
Parameter 

Status 

System 

Code 
Description 

Breakdown Loss Breakdown 01 

Time when equipment is not running due to 

breakdowns, setups, or other unplanned 

events. 

Planned downtime / 

external unplanned 

Loss 

Planned 

downtime 
02 

Scheduled maintenance and other planned 

stops that reduce available production time. 

Changeover 

time 
03 

Time required to switch from producing one 

product or batch to another. 

Adjustment 

time 
04 

Time spent making fine-tuning adjustments to 

optimize production quality and efficiency. 

Speed Loss Speed Losses 05 
Reduced equipment speed or rate compared to 

its design or maximum capacity. 

Minor Stop Loss 

Minor 

Stoppage 
06 

Short stops or interruptions that disrupt 

production but are quickly resolved. 

Machine 

Idling 

duration 

07 
Time when equipment is running but not 

actively producing parts. 

Production Rejects 

Defective 

parts 
08 

The number of defective or rejected parts 

produced during a production run 

Rework and 

scrap 
09 

Additional time and resources required to 

rework or discard defective products. 

Reject on Startup 

Defective 

parts on 

Startup 

0A 

The number of defective or rejected parts 

produced during a start-up process and after 

maintenance activity 

 

To evaluate the effectiveness of this new system, comparison of OEE data 6 months 

before system implementation (July 2022-December 2022) and 6 months after system 

implementation (February 2023-July 2023) will be performed. This evaluation follow the 

management decision related with the targeted project schedule. 

 

RESULTS AND DISCUSSION 

This section will explain the implementation result for the datamining and process 

analytics system. Figure 5 shown the main dashboard layout, with summarize overall equipment 

performance, 6 big losses pareto, and line performance. Status of each production line are also 

founded in the corner of the dashboard. Production quantity gap, the rejected product 

contributor, and the listed issue from the pareto losses were use by the stakeholder to define the 

next action items for improvement.  

Another important items which being implemented are the monitoring of breakdown 

happened in the production line. It could use to support the stakeholder on analyzing and finding 

the pattern of equipment utilization during manufacturing process. Number of alarms, condition 

of the machine and duration of each down time were recorded automatically and viewing on 

the data could be adjust accordingly, following the stakeholder intention. To make an easier 

identification, calculation on OEE, availability, equipment performance, and quality rate were 

individually shown and indicating the targeted values. All stakeholders might know the gap 

through this area. Pareto for the equipment which contributing rejected product also giving a 
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clear alert to the stakeholder on defining which equipment to be prioritize for deep analysis and 

defining the appropriate action items. 

 

 

Figure 5. OEE Dashboard for Electronics Product Assembly Line 

 

One of important items to run production effectively and improving the OEE level, is to 

ensure the idling time of machine is minimized. One of the factors which allowing this to 

happened is transfer process from one machine to another were delayed. The current system 

has specific analytical function which identifying this concern. 

Figure 6 shows the analytical process for transfer product/material in the manufacturing 

line. The analytics were recording every second to identify whether the operator in charge, is 

working as required or slower. Once the operator was exceeding the threshold time of 5 seconds 

from last activities to another activities, system will show purple mark. Every bar equal to 5 

seconds delay and with this approach, production supervisor could evaluate and ensure the 

machine’s operator were working as per requirement. This function also connected to the alert 

system to support the stakeholder on evaluating the overall process. 

 

 

Figure 6. Operation Log and Process Analytics Dashboard for Electronics Product Assembly 

 

In the operation log and process analytics dashboard, stakeholder will be able to identify 

once there’s an issue on the equipment. Error code will be shown to support the stakeholder 

solving the issue and the time spend will be automatically classified base on the criteria. Pink 

mark in the dashboard shows the operator were triggering the alarm from his gadget, to request 

technical support team on troubleshooting the equipment. The system summary dashboard is 

connected to 6 product assembly lines, each assembly line consists of 7 equipment’s as shown 

in Figure 6 and being operate by 2 operators.  
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Figure 7. OEE Summary Dashboard for Electronics Product Assembly 

 

Figure 7 shows the OEE summary and condition of each assembly line machine. The 

grouping of the assembly line could help stakeholder on monitoring the activities of equipment 

runs in production. Specific indication will be shown once the assembly line was offline or 

running under expected performance level.  

 
Tabel 4. Six Big Losses Ratio Comparation on Electronics Assembly Line OEE Measurement 

OEE Class 

Category 

System 

Code 

Loss 

Category 
Parameter Status 

Before 

Implement 

2022 

Jul - Dec 

After 

Implement 

2023 

Feb - Jul 

Availability 

01 
Breakdown 

Loss 
Breakdown 4.10% 0.72% 

02 Planned 

downtime / 

external 

unplanned 

Loss 

Planned downtime 50.12% 48.19% 

03 Changeover time 24.10% 17.35% 

04 Adjustment time 21.69% 13.25% 

Performance 

05 Speed Loss Speed Losses 8.88% 5.01% 

06 Minor Stop 

Loss 

Minor Stoppage 22.78% 6.83% 

07 Machine Idling duration 68.34% 28.52% 

Quality 

08 Production 

Rejects 

Defective parts 0.43% 0.40% 

09 Rework and scrap 0.03% 0.04% 

0A 
Reject on 

Startup 
Defective parts on Startup 0.04% 0.05% 

Accumulated Loss > 1 hours (hours) 12.12% 4.68% 

  

Table 4 shows the data mining system and process analytics has an impact to six big 

losses result, before and after system implementation. Majority the losses were reduce 

significantly. Degraded result on the machine startup happened due to spare part quality issue. 

 
Tabel 5. OEE Data Comparison for Electronics Assembly Line Equipment 

 Jul – Dec 2022  Feb – Jul 2023 

Availability (%) 84.80% 87.33% 

Performance Efficiency (%) 81.04% 92.21% 

Quality Rate (%) 99.50% 99.59% 

OEE Result 68.37% 80.19% 
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Table 5 shows the system performance evaluation summary of the OEE measurement 

from 6 electronics product assembly line, between initial stage and after system 

implementation. In latest condition, the electronics production line manages to achieve 80.19% 

overall efficiency. 

From the previous study conducted by Wiyatno [14] and Hedman[20], classifying the 

losses in a good framework will lead on identifying effort with big impact on improving the 

OEE results. The alert module and process analytics module which embedded in the system has 

significantly reduce the time spending on handling issue in manufacturing line, through 

improvement of stakeholder awareness and intension to collaborate together. Base on the latest 

data shown in Table 4, the total issue which handle more than 1 hours has reduce to 4.68% 

(improve 7.44% from 12.12%). This part become one of the key successes on improving the 

handling time on each occurred issue in the production line [14],[20]. The process analytics 

feature also has significantly improved the line efficiency through 39.82% reduction on 

equipment idling time. This condition were align with research result performed by Prasetio 

[16] and Azizah [22]. Overall result shows the datamining system and process analytics has 

brought significant improvement in most factor of the electronics manufacturing line efficiency, 

especially in the availability and performance aspect. It made a significant improvement in the 

final OEE result, which closing the gap to the ideal targeted level 85% (4.81% more to the 

target). Currently system is limited on analyzing the equipment performance and process 

analytics related with the electronics manufacturing. The future improvement for this system 

could be focusing on predictive maintenance and production planning base on AI for market 

demand . 

 

CONCLUSION 

The data mining with performance analytics system boasts a user-friendly interface 

while delivering robust support for enhancing OEE in the electronics manufacturing line. The 

OEE results in 2023 recorded OEE as 84.86% which close to the ideal target. A significant 

improvement 11.82% has been achieve, compared to the OEE results in 2nd semester 2022. 

The process analytics feature has brought significant impact on the equipment availability and 

performance for the OEE improvement points. The stakeholder alert system also has proven 

highly effective in minimizing long stand issue in the manufacturing process, resulting in a 

7.44% reduction from the 2022 figures. Future research could explore additional facets such 

inventory management, AI for operator fatigue analysis, and predictive maintenance. 
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