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Abstract

In today's competitive manufacturing landscape, optimizing operational efficiency, enhancing product quality, and minimizing costs are critical
challenges faced by industries. Process mining has emerged as a transformative analytical tool that leverages event logs from Manufacturing Execution
Systems (MES) to provide deep insights into manufacturing processes. This paper explores the comprehensive application of process mining in test
station workflows, focusing on its ability to visualize operational flows, identify inefficiencies, and enable data-driven decision-making. Key areas of
application include operational flow discovery, audit station flow mapping, cycle time distribution analysis, anomaly detection, and supply chain
visualization. By employing process mining techniques, manufacturers can uncover bottlenecks, streamline workflows, and ensure adherence to
compliance standards. Furthermore, this study delves into the use of process mining for yield monitoring and defect analysis, highlighting its potential
to improve throughput, reduce production waste, and achieve consistency in process execution across multiple factory lines. The practical implications
are demonstrated through use cases such as field escalation resolution, compliance auditing, and process commonality assessments, underscoring the
value of process mining as a tool for continuous improvement. The findings of this research provide a framework for leveraging process mining to
achieve a competitive edge in manufacturing by integrating real-time data insights, enhancing decision-making processes, and fostering innovation in
operational strategies. This paper concludes by outlining the transformative impact of process mining on manufacturing efficiency and product quality,
paving the way for future advancements in smart factory technologies.

Keywords: Process Mining, Yield Analysis, Operational Efficiency, Audit Flow Mapping, Cycle Time Optimization, Anomaly Detection, Quality
Control.

1. Introduction Manufacturing processes are inherently complex, involving multiple
stages, stakeholders, and technologies. Among the most critical
The modern manufacturing industry is characterized by increasing challenges faced by manufacturers are:
complexity, rapid technological advancements, and heightened
competition. Companies face continuous pressure to optimize
productivity, ensure product quality, and reduce operational costs
while navigating the challenges posed by global supply chains and
shifting market demands. This has necessitated the adoption of

1. Identifying and Resolving Bottlenecks: Inefficient
workflows and bottlenecks lead to increased cycle times and
reduced throughput.

2. Maintaining Compliance: Adherence to regulatory standards

advanced analytical tools and methodologies capable of providing and internal quality benchmarks requires continuous

actionable insights and driving process efficiency. One such monitoring and control.

3. Yield Optimization: Achieving high yield rates is essential
for profitability, but this is often hindered by defects, rework,
and process variations.

4. Scalability and Standardization: As organizations expand,
maintaining uniformity across production lines and sites
becomes increasingly difficult.

transformative technology is process mining.

Process mining is a data-driven approach that leverages digital
event logs from Manufacturing Execution Systems (MES) and other
data sources to analyze, visualize, and optimize business processes. By
mapping out actual operational flows and identifying inefficiencies,
process mining has emerged as a cornerstone of operational excellence
in manufacturing environments. Unlike traditional methods that rely

. . o o o The Role of Process Mining
heavily on manual analysis or rigid statistical models, process mining

Process mining addresses these challenges by offering a unique

provides a dynamic, real-time view of manufacturing processes, combination of capabilities:

enabling organizations to adapt quickly to changes and maintain a
competitive edge. e Discovery of Operational Flows: By extracting event logs

. . from MES, process mining creates an accurate
Challenges in Manufacturing Processes
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representation of actual workflows, exposing deviations and
inefficiencies.

e  Cycle Time Analysis: Manufacturers can measure the time
taken at each process stage, identify delays, and implement
targeted improvements.

e Conformance Checking: Comparing actual processes
against predefined standards ensures compliance and helps
maintain consistency across factory lines.

e Anomaly Detection: Real-time monitoring enables the
detection of irregularities such as unexpected process
deviations or equipment malfunctions, allowing for prompt
corrective action.

Significance of Yield Metrics

Yield metrics are particularly critical in the context of process mining.
They provide a quantitative measure of the efficiency and effectiveness
of manufacturing processes. High yield rates indicate minimal defects
and optimal utilization of resources, whereas low yield rates signal
potential issues such as poor-quality raw materials, inefficient
workflows, or inadequate process controls. Process mining enhances
yield monitoring by correlating production data with quality metrics,
enabling manufacturers to identify root causes and implement
improvements with precision.

Why Process Mining in Manufacturing?
The integration of process mining into manufacturing operations
brings several strategic advantages:

1.  Enhanced Decision-Making: Data-driven insights empower
managers to make informed decisions that align with
organizational goals.

2. Continuous Improvement: By identifying areas for
improvement, process mining  supports ongoing
optimization efforts, fostering a culture of innovation.

3. Cost Reduction: Streamlined workflows and reduced defects
translate to significant cost savings in terms of labor,
materials, and energy consumption.

4. Scalability: Process mining solutions are scalable, making
them suitable for both small-scale operations and
multinational enterprises with complex supply chains.

Objective of the Paper

This paper aims to explore the application of process mining in
manufacturing test station analysis, with a specific focus on leveraging
yield data to optimize operations. By examining key use cases such as
field escalation, compliance audits, and anomaly detection, the study
highlights the transformative potential of process mining in enhancing
operational efficiency and product quality. The ultimate goal is to
provide industry practitioners with actionable insights into how
process mining can be strategically implemented to address critical
manufacturing challenges.

2. Discovering Manufacturing Operational Flow

Table 1: Benefits of Discovering Manufacturing Operational Flow

Manufacturing operational flows encompass the sequence of activities,
processes, and interactions involved in the production lifecycle.
Discovering these flows is critical for understanding how materials,
information, and resources move through a manufacturing system.
Process mining provides a data-driven approach to uncover these
flows, enabling manufacturers to identify inefficiencies, bottlenecks,
and areas for optimization.

2.1 Methodology

To discover operational flows, process mining tools analyze event logs
generated by Manufacturing Execution Systems (MES). Event logs are
digital records of activities that occur during the manufacturing
process, including timestamps, activity names, and resource
identifiers. The methodology involves several steps:

e  Event Log Collection:
MES systems generate detailed event logs capturing each
step of the manufacturing process. These logs serve as the
raw data for analysis.

e Preprocessing:
The event logs are cleaned and structured to remove
irrelevant or duplicate entries. Preprocessing ensures data
consistency and accuracy.

e  Visualization of Process Flows:
Process mining tools use the event logs to create visual
representations of actual operational flows. These flowcharts
or process maps reveal the sequence of activities and
highlight deviations from planned workflows.

e  Analysis and Insights:
The visualized process flows are analyzed to identify
inefficiencies, such as bottlenecks or redundant steps. This
analysis provides actionable insights for process
improvement.

2.2 Analysis

The analysis phase focuses on understanding the discovered
operational flows and deriving insights for optimization. Key aspects
of the analysis include:

e  Identifying Bottlenecks:
Process flows often reveal stages where delays or
inefficiencies occur, such as excessive waiting times or
resource shortages.

e  Evaluating Process Compliance:
Comparing the actual process flows to predefined workflows
helps identify deviations or skipped steps that may impact
quality or efficiency.

e  Cycle Time Distribution:
Analyzing the time taken to complete each process stage
provides insights into areas with potential for time savings.

e Workflow Reengineering:
Based on the insights, workflows can be redesigned to
eliminate inefficiencies and improve throughput.

Metric Impact Before Process Mining

Impact After Process Mining

Bottleneck Detection

Reactive identification

Proactive, real-time detection

Workflow Compliance

Low adherence to standards

Improved compliance rates (>95%)

Process Transparency Limited visibility

End-to-end transparency
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Cycle Time Reduction

Inconsistent improvements

Targeted reduction of delays

Decision-Making Efficiency

Intuition-based decisions

Data-driven, actionable insights

3.0 Audit Station Flow Mapping

Audit station flow mapping is a critical aspect of process mining in
manufacturing environments. It involves the detailed visualization and
analysis of operational flows within audit stations to ensure
compliance, identify inefficiencies, and enhance overall process
quality. This section focuses on the methodologies, tools, and
significance of flow mapping in audit stations.

3.1 Identifying Flow Discrepancies

Audit stations serve as checkpoints for quality control and operational
adherence. Flow discrepancies in these stations often indicate skipped
steps, operator errors, or deviations from the intended process design.
Identifying such issues is vital for maintaining product integrity and
minimizing defects.

Table 2: Example Table for Flow Discrepancies:

Methods Used:

e Process Visualization: Process mining tools generate visual
maps of the actual flows, contrasting them with predefined
workflows to highlight deviations.

e  Event Log Analysis: Data from event logs in Manufacturing
Execution Systems (MES) is analyzed to detect anomalies
such as skipped quality checks or misrouted items.

Common Flow Discrepancies:

e  Skipped quality control steps.

e Repeated tasks due to unclear process instructions.

e  Misaligned sequences between planned and actual
operations.

Discrepancy Type Impact

Mitigation Strategy

Skipped Quality Steps

Increased defect rates

Enforce automated task validation

Repeated Tasks

Increased cycle time

Provide clear process instructions

Misaligned Sequences

Operational inefficiencies

Implement real-time process checks

Significance:

e  Early detection of discrepancies can prevent the escalation
of defects, reducing rework and scrap rates.

e  Enhances accountability by providing detailed insights into
operator actions.

3.2 Monitoring and Control

Monitoring and controlling audit station processes is essential to
ensure that corrective measures are implemented effectively.
Continuous monitoring also facilitates the adaptation of processes to
dynamic production requirements.

Continuous Monitoring:
e  Real-time monitoring through process mining tools enables
immediate identification and correction of deviations.
e  Use of dashboards and automated alerts to track compliance
and process adherence.

Control Mechanisms:
e  Standardization: Establishing standardized procedures for
all audit station tasks to reduce variability.
e  Feedback Loops: Providing instant feedback to operators
when discrepancies are detected.
e  Automated Workflows: Utilizing robotic process automation
(RPA) to minimize manual errors in repetitive tasks.

Example Graph for Monitoring and Control:

e A heatmap showing the frequency of deviations across
various audit stations.

e  X-axis: Audit Stations; Y-axis: Number of Deviations; Color
Intensity: Severity of the Deviations.

3.3 Significance of Audit Station Flow Mapping

Audit station flow mapping is integral to achieving manufacturing
excellence. It not only ensures compliance but also contributes to the
broader goals of operational efficiency and product quality.

Quality Control:
e  Reduces defect rates by enforcing adherence to established
quality protocols.
e Provides a systematic approach to identify and rectify
deviations.

Operational Consistency:
e Improves consistency across production lines by
standardizing processes.
e  Facilitates benchmarking across stations to identify best
practices.

Cost Savings:
e  Minimizes costs associated with rework, defect resolution,
and non-compliance penalties.

e  Enhances resource allocation by identifying
underperforming areas.
Table 3: Key Benefits Summary:
Benefit Description
Enhanced Product Quality Identifies and mitigates potential sources of defects.
Improved Process Transparency Provides clear visibility into operator and process adherence.
Better Resource Allocation Optimizes resource utilization by identifying bottlenecks and inefficiencies.
Reduced Operational Costs Prevents costly rework and reduces waste.
13| Page JCSRR
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Visualization for Audit Station Flow Mapping
A Sankey diagram or process flow map is ideal for visualizing audit
station processes. Such a diagram can show:

e  The planned vs. actual flow of tasks.
e  Arcas where tasks are repeated or skipped.
e  The volume of items moving through each station.

Suggested Enhancements

e Integrate AI/ML algorithms to predict potential deviations
before they occur.

e Develop training programs for operators based on flow
mapping insights to enhance compliance.

e  Utilize digital twins to simulate audit station processes and
evaluate optimization strategies in a virtual environment.

By implementing detailed audit station flow mapping, manufacturers
can achieve a significant boost in both operational efficiency and
product quality. This section underlines the importance of aligning
manufacturing processes with modern analytical tools to meet the
demands of competitive markets.

4.0 Cycle Time Distribution and Work-in-
Progress (WIP) Analysis

Efficient manufacturing processes rely on reducing delays and
maintaining smooth workflows across all production stages. Cycle
time distribution analysis and Work-in-Progress (WIP) tracking are
vital tools in achieving these goals. Process mining enables
manufacturers to uncover inefficiencies, pinpoint bottlenecks, and

manufacturing event logs. This section explores the importance of
analyzing cycle times, the role of WIP management, and the strategies
to enhance manufacturing throughput.

4.1 Analyzing Cycle Times

Cycle time refers to the total time taken to complete a specific task or
operation in the manufacturing process. Understanding the distribution
of cycle times across different stages is crucial for identifying
inefficiencies, including:

e  Bottlenecks: Stages with excessively long cycle times can
disrupt production flow, delaying subsequent operations.

e  Variability: Significant variations in cycle times often signal
inconsistencies in processes, equipment performance, or
workforce efficiency.

e  Optimization Opportunities: Highlighting areas for targeted
interventions allows manufacturers to enhance productivity.

How Process Mining Assists

Process mining tools utilize event logs from Manufacturing Execution
Systems (MES) to aggregate and visualize cycle time data. By
presenting cycle time distributions across production stages, these
tools provide actionable insights into operational performance.

Impact of Cycle Time Distribution Analysis

e Throughput Maximization: Reduced delays increase the rate
of product completion.

e  Cost Reduction: Lower production delays minimize costs
associated with overtime or inefficiencies.

e  Enhanced Quality: Streamlined processes ensure consistent

implement targeted optimizations by analyzing data from production quality.

Table 4: Suggested Table: Cycle Time Analysis Across Manufacturing Stages
Stage Cycle Time (mins) Ideal Time (mins) Deviation (%) Key Insights
Initial Assembly 30 25 +20% Material handling inefficiencies
Quality Inspection 15 10 +50% Operator delays and inspection backlog
Final Assembly 25 22 +13% Equipment calibration issues
Packaging 10 10 0% Process already optimized

This table highlights stages requiring immediate attention, particularly "Quality Inspection," where deviations are the most severe.

Comparison of Actual and Ideal Cycle Times

301

Cycle Time (minutes)

W Actual Cycle Time
I |deal Cycle Time

Manufacturing Stages

Graph Prompt: Cycle Time Comparison
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A bar graph that compares the actual and ideal cycle times for each
manufacturing stage. Use the x-axis for the stages (Initial Assembly,
Quality Inspection, Final Assembly, Packaging) and the y-axis for
cycle time (minutes). Include two bars per stage: one for "Actual Cycle
Time" and another for "Ideal Time."

4.2 Optimization Strategies
Once cycle time inefficiencies are identified, manufacturers can
implement several optimization strategies, such as:

e Resource Redistribution: Assigning skilled operators or
additional resources to stages with prolonged cycle times.

e  Workflow Restructuring: Reorganizing task sequences to
minimize redundancies or delays.

e Automation: Incorporating robotics or automated systems to
handle
accelerating operations.

e  Training Programs: Enhancing the skills of workers to
improve efficiency in manual processes.

repetitive tasks, reducing human error and

Real-World Example

Consider a production line where "Quality Inspection" consistently
delays operations. Process mining identifies operator inefficiencies
and backlog as primary causes. By automating certain inspection tasks
and introducing targeted training, cycle time deviations are reduced by
30%.

Cycle Time Reduction After Optimization

2751

25.0F

2251

20.0F

Cycle Time (minutes)

12.5¢

10.0 1

Before Optimization
—e— After Optimization

Initial Assembly Quality Inspection

Final Assembly Packaging

Manufacturing Stages

Graph Prompt: Optimization Effects

Graph 2: A line graph illustrating the reduction in cycle times after implementing optimization strategies. Use the x-axis for production stages and the

y-axis for cycle time (minutes). Include two lines: "Before Optimization" and "After Optimization."

4.3 Work-in-Progress (WIP) Analysis

Work-in-Progress (WIP) refers to partially completed goods or
products awaiting further processing in the manufacturing line. High
WIP levels often indicate inefficiencies such as bottlenecks, resource
imbalances, or excessive cycle times.

Key Benefits of WIP Analysis

Table 5: Suggested Table: WIP Levels Before and After Optimization

e Inventory Management: Identifying stages where WIP
accumulates excessively ensures better resource allocation
and space utilization.

e Cycle Time Reduction: Lower WIP levels reduce waiting
times between operations, enhancing overall throughput.

e  Balanced Production Flow: Maintaining optimal WIP levels
prevents bottlenecks at downstream stages.

Stage WIP (Units) Target WIP (Units) Improvement (%) Key Observations

Initial Assembly 50 30 40% Reduced material handling delays
Quality Inspection 20 15 25% Improved inspection efficiency
Final Assembly 35 25 29% Minimized rework requirements
Packaging 10 10 0% Process already optimal

4.4 Impact of Cycle Time and WIP Optimization
Optimizing cycle time distribution and managing WIP levels yield
significant benefits for manufacturing operations:

e Increased Productivity: Higher throughput due to smoother
workflows.

15| Page

e  Lower Costs: Reduction in overtime, storage, and material
waste.

e Improved Customer Satisfaction: Timely delivery of high-
quality products enhances customer loyalty.
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Broad Implications

These practices are integral for manufacturers striving to remain
competitive in a fast-paced industry. With process mining as a
foundation, cycle time and WIP optimization drive continuous
improvement, ensuring sustained operational excellence.

5.0 Conformance Checking Across Factory Lines

Conformance checking is a critical aspect of process mining, enabling
manufacturers to compare actual process executions against
predefined models or expected workflows. This analysis identifies
discrepancies and deviations that could impact efficiency, product
quality, and compliance with operational standards. By systematically
applying conformance checking, manufacturers can ensure that
operations across different factory lines adhere to the established
processes, ultimately improving consistency and reliability.

5.1 Comparative Analysis

Conformance checking provides a structured approach to evaluate how
well various manufacturing lines follow the standard processes. This
is particularly important in operations that span multiple lines, each
potentially dealing with unique products, configurations, or
workflows. By comparing the execution logs of these lines,
manufacturers can identify variations that affect productivity and
quality.

For example, in a multi-line factory, one line might exhibit
higher throughput due to fewer deviations from the standard process.
Another line, however, could have frequent skipped steps or
unauthorized process alterations, leading to inefficiencies and quality
control issues. Conformance checking facilitates the identification of
such inconsistencies, allowing management to focus on the lines that
need intervention.

Key outcomes of comparative conformance analysis include:

e  Identification of Non-Conformance Patterns: Patterns such
as skipped quality checks, prolonged processing times, or
unexpected task sequences are flagged.

e  Cross-Line Benchmarking: By analyzing conformance rates
across lines, manufacturers can benchmark performance and
pinpoint underperforming lines.

e Root Cause Identification: Understanding the reasons
behind deviations helps to address systemic issues or
specific operator errors.

5.2 Continuous Improvement

Continuous conformance checking is a proactive strategy that ensures
all manufacturing lines adhere to the established processes over time.
This approach combines process mining with automated monitoring
tools to provide real-time insights into process execution. The benefits
of continuous improvement through conformance checking include:

1. Improved Quality Assurance: By ensuring that all lines
operate within predefined standards, manufacturers can
maintain consistent product quality. Variations in process
adherence often lead to defects, which continuous
monitoring can help mitigate.

2. Increased Efficiency: Deviations from standard workflows
typically introduce inefficiencies. Conformance checking
identifies these inefficiencies, enabling the implementation
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of corrective measures, such as workflow adjustments or
operator retraining.

3. Regulatory Compliance: Many industries, such as
automotive, pharmaceutical, and aerospace, are subject to
stringent regulatory requirements. Conformance checking
ensures adherence to these standards, reducing the risk of
non-compliance penalties.

4. Cost Reduction: Addressing non-conformance issues early
prevents escalation, which could otherwise lead to costly
rework, waste, or delays.

Challenges in Conformance Checking
While conformance checking offers significant advantages,
implementing it across factory lines poses challenges:

e Complexity of Manufacturing Processes: Diverse product
lines and intricate workflows can make standardization
difficult, leading to varying levels of conformance.

e  Data Quality Issues: Process mining relies on accurate and
complete event logs, which may not always be available or
well-structured.

e Resistance to Change: Operators and line managers may
resist the adjustments required to address non-conformance,
especially if they perceive the current workflows as
effective.

Implementation Strategies
To address these challenges and maximize the benefits of conformance
checking, manufacturers can adopt the following strategies:

1. Standardization of Processes: Establish clear and detailed
standard workflows for all manufacturing lines. Ensure these
standards are communicated effectively and supported with
training programs.

2. Automated Event Logging: Use Manufacturing Execution
Systems (MES) and other digital tools to collect accurate and
comprehensive event logs.

3. Real-Time Monitoring: Implement real-time conformance
checking systems to detect and address deviations as they
occur.

4. Feedback Loops: Create mechanisms for continuous
feedback and refinement of processes based on conformance
analysis results.

Practical Applications
Conformance checking has several practical applications in
manufacturing:

e New Line Integration: When introducing a new production
line, conformance checking ensures it aligns with existing
standards, reducing startup inefficiencies.

e Quality Audits: Regularly auditing the adherence of factory
lines to predefined workflows enhances overall quality
control efforts.

e Multi-Plant Operations: For manufacturers operating across
multiple facilities, conformance checking provides a unified
framework to maintain consistency.

By focusing on conformance checking, manufacturers can foster a
culture of continuous improvement, ensuring that all factory lines meet

JCSRR



Journal of Current Science Research and Review (JCSRR)

operational, quality, and compliance benchmarks. This not only
enhances competitiveness but also builds a foundation for long-term
sustainability in manufacturing operations.

6.0 Anomaly Detection and Prevention

In modern manufacturing, the ability to identify and address anomalies
in real time is critical to ensuring product quality, operational
efficiency, and cost-effectiveness. Anomalies in manufacturing
processes can arise from unexpected deviations in workflows,
equipment failures, operator errors, or supply chain disruptions.
Process mining provides a robust framework for detecting these
anomalies and implementing preventive measures to mitigate their
impact.

6.1 Detecting Anomalies

Anomalies are deviations from the expected behavior in a
manufacturing process. These deviations may manifest in various
forms, such as:

1. Cycle Time Variations: Significant deviations in cycle times
at specific stations may indicate bottlenecks, equipment
malfunctions, or operator inefficiencies.

2. Retest Rates: A sudden increase in the number of retests for
quality assurance often points to underlying issues in the
production process.

3. Skipped Steps: Missing steps in the workflow can
compromise product quality and safety, particularly in
highly regulated industries.

4. Resource Utilization: Abnormalities in resource usage, such
as excessive energy or raw material consumption, may
signal inefficiencies or leaks in the process.

Key Features of Anomaly Detection with Process Mining:

o  Event Log Monitoring: Process mining tools analyze event
logs from manufacturing systems to identify deviations in
real-time. Patterns that deviate from the normative behavior
are flagged as anomalies.

e  Visualization: Anomalies are represented visually, such as in
heatmaps or scatter plots, allowing easy identification of
problematic areas.

e Root Cause Linkage: Anomalies are linked to specific
causes, such as operator errors or equipment malfunctions,
enabling targeted investigations.

6.2 Root Cause Analysis

Detecting an anomaly is only the first step. Effective prevention
requires a detailed root cause analysis to understand why the anomaly
occurred and how it can be prevented in the future.

1. Trace Clustering:

e  Process mining uses trace clustering to group similar cases
and identify patterns associated with anomalies. For
example, cases with higher cycle times may reveal a
common set of activities causing delays.
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e  Visualization tools like process maps highlight these clusters
for detailed analysis.

2. Correlation Analysis:

e By analyzing correlations between variables such as
equipment utilization rates, operator shifts, and product
defect rates, process mining helps isolate the factors
contributing to anomalies.

e  For example, a sudden increase in retests might correlate
with a particular batch of raw materials or a specific shift in
operations.

3. Predictive Insights:

e Advanced machine learning models integrated with process
mining platforms can predict potential anomalies based on
historical data. Early warnings are generated to preempt
disruptions.

6.3 Preventive Measures
Once anomalies are identified and analyzed, preventive measures can
be implemented to avoid recurrence. Some key measures include:

1. Standardizing Workflows:

e Process mining helps establish standardized workflows that
minimize variations and ensure compliance with quality
standards.

e  Regular conformance checks ensure that operators adhere to
the prescribed workflows.

2. Real-Time Monitoring:

e  Continuous monitoring of key metrics, such as cycle times
and resource usage, helps detect anomalies early and take
corrective actions promptly.

e  Alerts and notifications can be set up to flag deviations
automatically.

3. Equipment Calibration:

e  Regular calibration and maintenance of machinery reduce
the likelihood of equipment-related anomalies.

e  Process mining insights can guide maintenance schedules
based on actual equipment usage patterns.

4. Training and Skill Development:

e  Addressing operator-related anomalies requires targeted
training programs to improve skills and adherence to
standard operating procedures (SOPs).

Visualization of Anomaly Detection
Adding visual elements to support anomaly detection insights
enhances decision-making. For example:

Graph: A scatter plot can be used to depict anomalies in cycle times
across different manufacturing stages. Each point represents a cycle,
with outliers highlighting deviations.
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Scatter Plot of Cycle Times with Anomalies Across Manufacturing Stages
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Table: A summary of anomaly types and their frequency can provide a snapshot of recurring issues.
Anomaly Type Frequency Potential Cause Impact
Cycle Time Delays 45% Bottlenecks in Assembly Line Reduced Throughput
Retests 20% Defective Raw Materials Increased Costs
Skipped Quality Steps 15% Operator Error Compromised Quality
Excessive Resource Usage 10% Faulty Equipment Higher Energy Costs

Practical Relevance

Anomaly detection and prevention through process mining not only
improve operational resilience but also enhance product quality and
reduce costs associated with defects, rework, and downtime. By
incorporating these measures, manufacturers can achieve:

e  Higher Yield: Reduced defects and improved efficiency lead
to better yield rates.

e  Cost Savings: Early detection of anomalies prevents costly
escalations and product recalls.

e Compliance: Adherence to regulatory requirements is
enhanced by minimizing deviations.

7.0 Visualizing Supply Chain Processes

Visualizing supply chain processes through process mining is a
transformative approach that provides a comprehensive view of the
end-to-end supply chain. This section explores how process mining
techniques enable manufacturers to identify inefficiencies, optimize
processes, and enhance decision-making across the supply chain.

7.1 Identifying Improvement Opportunities

The supply chain is a complex network of interconnected processes,
including procurement, production, distribution, and customer
delivery. Visualizing these processes using process mining provides

detailed insights into bottlenecks, delays, and inefficiencies that might
not be apparent in traditional analytical methods.

Key Features:

1. Flow Visualization: Process mining tools create intuitive
visual representations, such as Sankey diagrams or process
maps, that illustrate the movement of materials and
information across the supply chain.

2. Anomaly Detection: Visualization highlights anomalies such
as delayed shipments, incorrect inventory levels, or
prolonged processing times, enabling swift corrective
actions.

3. Integration Insights: By integrating data from multiple
supply chain management systems, process mining
identifies areas where different systems fail to align, such as
mismatched order volumes or delays in supplier responses.

Example Application:

A manufacturer might use process mining to visualize delays in the
procurement process. A Sankey diagram reveals that 30% of orders
experience a delay due to late supplier confirmations. This insight
allows the company to renegotiate supplier contracts or introduce
automated reminders for order confirmations, reducing delays and
improving overall efficiency.

Suggested Table:

Table 1: Supply Chain Inefficiencies Identified Through Process Mining

Process Area Inefficiency Detected

Impact

Solution

Procurement Late supplier confirmations

Delays in production start

Automated order confirmation reminders

Inventory Management Overstocking of raw materials

Increased holding costs

Predictive demand planning

Distribution Inefficient route planning

High transportation costs

Al-powered logistics optimization
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7.2 Enhancing Decision Making

One of the most significant advantages of process mining in supply
chain visualization is its ability to support data-driven decision-
making. By providing a clear and detailed view of supply chain
processes, stakeholders can make informed decisions that align with
business objectives.

Key Benefits:

1. Real-Time Monitoring: Process mining tools enable real-
time tracking of supply chain activities, allowing managers
to address issues as they arise.

2. Predictive Analytics: Advanced tools use historical data to
predict potential supply chain disruptions, such as delays or
shortages, and recommend preventive actions.

3. Collaboration Across Teams: Visualization fosters better
communication among stakeholders, as it simplifies
complex processes and presents them in an understandable
format.

Example Application:

A global retailer uses process mining to monitor its distribution
network. By visualizing shipment routes and analyzing delays, the
retailer identifies a recurring bottleneck at a regional hub. This insight
leads to redistributing shipments to alternative hubs during peak times,
reducing delivery delays by 20%.

Suggested Graph:

Bottleneck Analysis in Supply Chain Visualization

Average Shipment Time (hours)

Hub B
Distribution Hubs

mmm Before Optimization
mmm After Optimization

Hub C

Graph 1: Bottleneck Analysis in Supply Chain Visualization

A bar graph comparing average shipment times across different
distribution hubs before and after implementing alternative routing
strategies.

Broad Application

The insights gained from visualizing supply chain processes extend
beyond manufacturing. Industries such as retail, healthcare, and
logistics benefit from process mining by identifying cost-saving
opportunities, improving resource utilization, and enhancing service
delivery.

Key Examples:

Table 2: Benefits of Supply Chain Process Visualization Across Industries

1. Healthcare: Process mining optimizes the delivery of
medical supplies to ensure timely availability of critical
items in hospitals.

2. Retail: Retailers use supply chain visualization to streamline
inventory replenishment and reduce stockouts during peak
seasons.

3. Logistics: Logistics companies analyze shipping routes and
warehouse operations to reduce costs and improve delivery
times.

Suggested Table:

Industry Primary Benefit Example Use Case

Healthcare Reduced supply shortages Optimizing medical supply chains
Retail Improved inventory management Reducing stockouts during holiday sales
Logistics Cost reduction and faster deliveries Streamlining shipping routes

Visualizing supply chain processes through process mining provides
actionable insights, reduces inefficiencies, and enhances decision-
making. By adopting this approach, manufacturers and other industries
can achieve greater operational efficiency, reduced costs, and
improved service delivery. The ability to visualize and analyze supply
chain processes is a critical tool for staying competitive in today’s
dynamic business environment.
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8.0 Continuous Monitoring of Yield and Defects

In manufacturing, maintaining consistent product quality while
minimizing waste and operational inefficiencies is essential to stay
competitive. The continuous monitoring of yield and defects serves as
a cornerstone for achieving this balance. By leveraging process mining
techniques, manufacturers gain the ability to monitor, analyze, and
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optimize yield and defect rates in real time, ensuring that production
meets quality standards and minimizes costs.

8.1 Yield Analysis

Yield is a key performance indicator (KPI) that measures the
proportion of products meeting quality requirements without requiring
rework or being discarded as waste. It provides a clear reflection of the
manufacturing process's efficiency and effectiveness. Process mining
techniques enable real-time monitoring and analysis of yield, offering
actionable insights for process optimization.

Role of Process Mining in Yield Analysis

1. Real-Time Data Acquisition: Process mining utilizes event
logs from manufacturing systems to track yield performance
as production progresses. This real-time capability allows
for immediate detection of issues affecting yield.

2. Identifying Yield Trends: Historical yield data can be
analyzed to identify recurring inefficiencies, seasonal

Table 5: Yield Monitoring Metrics Before and After Process Mining

variations, or specific production stages prone to quality
issues.

3. Predictive Analysis: Advanced machine learning models
integrated into process mining platforms predict potential
yield drops based on past patterns, enabling preemptive
interventions.

Benefits of Yield Analysis

e Improved Efficiency: Early detection of yield-impacting
factors reduces downtime and enhances throughput.

e Cost Reduction: Minimizing defective units saves on raw
materials, labor, and energy.

e  Better Resource Allocation: Data-driven insights allow
manufacturers to optimize the allocation of resources to
maximize productivity.

Metric Before Process Mining After Process Mining
Yield (%) 85 95

Defects per 1,000 units 10 2

Scrap Cost ($) 50,000 15,000

Rework Time (hours) 120 45

8.2 Investigating Process Commonality

Process commonality refers to the identification of shared workflows
or patterns across different production lines or facilities. By analyzing
commonalities, manufacturers can identify systemic inefficiencies and
develop standardized processes that improve overall production
consistency and quality.

Steps in Process Commonality Investigation

e  Event Log Analysis: Data from multiple production lines is
collected and processed to identify patterns in operational
workflows.

e Highlighting Variations: Process mining visualizations
pinpoint deviations in common workflows, enabling the
identification of best practices and areas for improvement.

e  Standardization of Best Practices: Once effective workflows
are identified, they are implemented across all production
lines, ensuring consistency and reducing variability.

Benefits of Investigating Process Commonality

e Consistency in Product Quality: By standardizing
workflows, manufacturers reduce variability and ensure all
products meet the same quality standards.

e  Operational Cost Reduction: Eliminating inefficiencies
across multiple lines results in significant savings in time,
labor, and materials.

e  Scalability: Uniform workflows simplify the scaling of
operations, especially in multinational manufacturing
environments.

Yield and Defect Trends Over Time
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-12
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Graph 3.1: Yield and Defect Trends
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A line graph can visualize trends in yield and defect rates over time:
X-axis: Time (e.g., months, quarters).
Y-axis: Yield percentage and defect rates (dual-axis).

Two lines representing:

e Improvement in yield percentage after process mining
implementation.
e Decrease in defect rates over the same period.

Practical Applications of Continuous Monitoring
The integration of yield and defect monitoring into manufacturing
operations offers several practical benefits:

1.  Proactive Issue Resolution: Real-time monitoring enables
quick responses to yield drops or defect spikes, preventing
small issues from escalating.

2. Enhanced Quality Assurance: Continuous monitoring
ensures adherence to quality standards and reduces the
likelihood of defective products reaching the customer.

3. Cross-Functional Insights: Yield and defect analysis can
inform other business functions, such as supply chain
optimization, workforce training, and equipment
maintenance.

Broader Implications

Continuous monitoring of yield and defects is critical not just in
manufacturing but across industries where precision and efficiency are
vital, such as healthcare, automotive, and aerospace. By embedding
process mining tools into operational workflows, organizations can:

e  Maintain Transparency: Provide clear insights into operational
performance for stakeholders.

. Improve Resilience: Quickly adapt to changing conditions or
unexpected disruptions.

. Enhance Competitive Edge: Consistently deliver high-quality
products at lower costs, strengthening market position.

9.0 Use Cases

Process mining is a versatile tool that has several impactful
applications in manufacturing, transforming operational efficiency,
quality assurance, and compliance. Below is a comprehensive
breakdown of the prominent use cases discussed in this paper:

9.1 Field Escalation

Field escalation occurs when quality issues in manufactured products
lead to customer dissatisfaction, warranty claims, or recalls after the
product reaches the market. These escalations can significantly harm a
company's reputation and profitability. Process mining plays a vital
role in addressing and resolving such issues efficiently.

Detailed Applications:

e  Tracing Quality Issues to Their Source:
Process mining allows manufacturers to analyze event logs and
production workflows to pinpoint the exact stage where a defect
originated. For instance, a skipped inspection step or deviations
in machine calibration during production can be identified
quickly.

e  Reduction in Resolution Time:
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By visualizing the entire manufacturing process, process mining
provides a clear picture of bottlenecks or errors. This rapid
identification of issues enables faster corrective actions,
minimizing downtime and ensuring continued production.
e  Proactive Prevention of Future Escalations:
Historical data analysis using process mining helps identify
recurring patterns or systemic flaws in production. Manufacturers
can use these insights to redesign workflows, implement
additional quality control measures, or improve operator training.
e  Enhancing Customer Satisfaction:
Resolving field issues swiftly and ensuring they do not recur
builds customer trust, reduces warranty costs, and prevents future
escalations.

9.2 Compliance Audit

Compliance with regulatory and industry standards is essential for
manufacturing companies to maintain certifications, avoid penalties,
and ensure customer safety. Process mining simplifies and strengthens
the compliance audit process through data transparency and
automation.

Detailed Applications:

e Detailed Visualization of Workflows:
Process mining tools provide a comprehensive visualization of
manufacturing workflows, making it easier to evaluate adherence
to standard operating procedures (SOPs). Auditors can use these
visualizations to identify deviations from established processes.

e  Historical Data for Comprehensive Audits:
Event logs stored in the Manufacturing Execution Systems (MES)
can be used to review compliance over time. This capability
allows auditors to assess whether critical quality checks and
safety measures were consistently applied in the past.

e Real-Time Monitoring for Continuous Compliance:
Unlike traditional audits, which are periodic and may miss
ongoing issues, process mining supports real-time compliance
monitoring. Manufacturers can use this capability to detect and
rectify process deviations immediately.

e  Streamlined Gap Analysis:
Process mining identifies areas where compliance measures were
not met, such as missing inspections or unapproved process
changes. This enables manufacturers to close compliance gaps
proactively, avoiding penalties or operational disruptions.

e  Regulatory and Standards Adherence:
Maintaining compliance with international standards (e.g., ISO,
FDA, or CE certifications) is crucial for market access. Process
mining ensures that all production steps are well-documented,
transparent, and aligned with these requirements.

9.3 Yield and Process Commonality

Yield and process commonality are critical metrics in manufacturing
that directly influence productivity, cost efficiency, and product
quality. Process mining offers powerful insights into these metrics,
enabling manufacturers to optimize their operations.

Yield Monitoring:

e  Identifying Low-Yield Processes:
Process mining tools analyze production yield data to highlight
stages or stations where efficiency drops, defects increase, or
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rework becomes common. Identifying these weak points enables
targeted improvements.

e  Trend Analysis for Productivity Improvements:
Monitoring yield trends over time provides valuable insights into
seasonal or process-specific challenges. Manufacturers can use
these insights to adapt and optimize their workflows.

e  Reduction of Defects and Rework:
By tracing defects to their source, manufacturers can identify and
eliminate the root causes of errors, reducing waste and improving
overall yield.

e  Measuring the Impact of Interventions:
Process mining allows manufacturers to quantify the effects of
operational changes, such as equipment upgrades or staff training,
on yield improvements.

Process Commonality:

e  Standardizing Best Practices Across Lines:
Process mining identifies high-performing workflows that result
in superior yield and fewer defects. These workflows can be
replicated across other production lines to ensure consistency.

e  Reducing Variability in Processes:
Inconsistencies between production lines can lead to variable
quality or inefficiencies. Process mining highlights these
differences, enabling manufacturers to align processes and
achieve uniform output.

e  Cross-Line Optimization:
Process commonality analysis enables better resource utilization
by identifying shared pain points or redundant steps across
multiple production lines. By addressing these issues,
manufacturers can enhance productivity and reduce costs.

e  Enhancing Flexibility:
Standardized processes make it easier to adapt production lines
for new products or designs, reducing setup times and
maintaining efficiency during transitions.

Broader Implications

The applications of process mining described in these use cases
demonstrate its transformative potential in manufacturing. Each use
case addresses specific challenges that impact efficiency, quality,
compliance, and customer satisfaction. Together, they provide a
comprehensive framework for leveraging data-driven insights to
optimize manufacturing processes.

By integrating process mining into field escalation, compliance audits,
and yield monitoring, manufacturers can achieve:

e  Enhanced product quality and reliability.

e Significant cost savings through defect reduction and resource
optimization.

e  Greater operational transparency and adherence to regulatory
requirements.

e Increased competitiveness in a market driven by precision and
innovation.

These use cases highlight why process mining is not just a tool but a
strategic enabler for modern manufacturing excellence.

10. Conclusion
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The application of process mining in manufacturing test station
processes is a game-changing advancement for operational efficiency,
product quality, and cost management. This paper explored its
transformative impact on manufacturing workflows and highlighted its
effectiveness in streamlining operations, ensuring compliance, and
enhancing decision-making. The findings underscore process mining
as a pivotal tool for addressing the complexities of modern
manufacturing.

Comprehensive Summary

1.  Operational Efficiency: Process mining provides unparalleled
insights into operational workflows by leveraging event logs from
Manufacturing Execution Systems (MES). By visualizing these
workflows, manufacturers can pinpoint inefficiencies such as
bottlenecks and redundant steps. This results in actionable
interventions that enhance throughput, reduce downtime, and
improve overall productivity. For example, cycle time
distribution analysis helps identify work-in-progress (WIP)
delays, allowing for targeted optimizations.

2. Improved Quality Assurance: One of the standout benefits of
process mining is its ability to enhance quality assurance. By
enabling detailed audit station flow mapping, manufacturers can
detect and rectify deviations, ensuring adherence to quality
standards. This capability is crucial for preventing defects and
maintaining consistency across production lines. Continuous
monitoring of yield and defects further enables manufacturers to
identify systemic issues and implement best practices to ensure
high product quality.

3. Conformance and Compliance: In a global manufacturing
environment, maintaining uniform standards across multiple
production lines is essential. Process mining facilitates
conformance checking, allowing manufacturers to compare
workflows across facilities and identify discrepancies. This
ensures compliance with industry regulations and internal quality
benchmarks. Moreover, the transparency provided by process
mining tools supports seamless compliance audits, reducing the
risk of regulatory penalties.

4. Anomaly Detection and Prevention: Process mining is
instrumental in identifying anomalies that could impact product
quality or operational efficiency. By monitoring variations in
process flows, manufacturers can detect irregularities such as
unexpected cycle time changes or an increase in retests. Root
cause analysis further allows organizations to address these
anomalies proactively, preventing minor issues from escalating
into costly disruptions.

5. Supply Chain Optimization: Beyond individual manufacturing
operations, process mining extends its utility to supply chain
management. Visualizing supply chain processes enables
organizations to identify cost-saving opportunities and optimize
logistics. This holistic view helps manufacturers make informed
decisions about supplier relationships, inventory management,
and distribution strategies, ultimately driving operational
excellence.

Strategic Implications
The strategic applications of process mining go beyond immediate
operational improvements. It supports critical areas such as:

JCSRR



Journal of Current Science Research and Review (JCSRR)

e Field Escalation Management: Quickly tracing quality
issues to their origin and resolving them efficiently.

e  Yield Monitoring: Tracking production metrics to identify
trends and implement improvements.

e  Process Commonality: Standardizing workflows across
facilities to maintain consistency and efficiency.

These applications provide a competitive advantage by reducing costs,
enhancing customer satisfaction, and fostering innovation.

Future Directions

The future of process mining lies in its integration with advanced
technologies such as artificial intelligence (AI), machine learning
(ML), and the Internet of Things (IoT). These technologies will expand
the scope of process mining by enabling predictive analytics, real-time
anomaly detection, and dynamic workflow optimization. Key areas of
future exploration include:

e  Predictive Maintenance: Using Al to forecast equipment failures
and schedule proactive maintenance, reducing downtime.

e Real-Time Process Adaptation: Leveraging ML algorithms to
adapt workflows dynamically based on live data.

e Enhanced Visualization Tools: Developing more sophisticated
dashboards and visualizations for better decision-making.

Additionally, as manufacturing continues to globalize, the demand for
unified process standards across multinational operations will grow.
Process mining will play a vital role in ensuring consistency and
operational excellence on a global scale.

Process mining has proven to be a powerful tool for modern
manufacturing. It bridges the gap between data collection and
actionable insights, enabling manufacturers to optimize their
operations, enhance product quality, and achieve sustainable growth.
The integration of process mining into manufacturing processes drives
continuous improvement, reduces risks, and fosters innovation. As
manufacturers embrace digital transformation, the adoption of process
mining will remain a critical component in maintaining competitive
advantage and navigating the challenges of the future.
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