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Abstract

Manufacturing process mining performs various data analyzes of performance on event logs that record
production. That is, it analyzes the event log data accumulated in the information system and extracts
useful information necessary for business execution. Process data analysis by process mining analyzes
actual data extracted from manufacturing execution systems (MES) to enable accurate manufacturing
process analysis. In order to continuously manage and improve manufacturing and manufacturing processes,
there is a need to structure, monitor and analyze the processes, but there is a lack of suitable technology
to use. The purpose of this research is to propose a manufacturing process analysis method using process
mining and to establish a manufacturing process mining system by analyzing empirical data. In this
research, the manufacturing process was analyzed by process mining technology using transaction data
extracted from MES. A relationship model of the manufacturing process and equipment was derived, and
various performance analyzes were performed on the derived process model from the viewpoint of work,
equipment, and time. The results of this analysis are highly effective in shortening process lead times
(bottleneck analysis, time analysis), improving productivity (throughput analysis), and reducing costs
(equipment analysis).
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[Figure 1] Process Mining Model

Source: Van der Aalst W. M. .P., “Process Mining: Discovery,
Conformance and Enhancement of Business Processes”, Springer,
2011[19]
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[Figure 2] Eleven Features of MES

Source: MESA (Manufacturing Execution System Association),
www.mesa.org[7]
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<Table 1> Relationship between Process Mining Function and Manufacturing Process Analysis

Process Mining Function

Analytical Technology

Manufacturing Process Analysis

Derivation of process model .
p Comp Miner

Heuristic Miner, Fuzzy Miner, | « Comparison with standard process models and discovery

* Derivation of process models from MES transaction
logs

of process improvements
* Derive models that include rework and non—standard
process flows

Derivation of process model bottlenecks .
petri—net

Performance analysis with

¢ Identify manufacturing lead time bottleneck points
based on derived process models.

* Select a process between two desired processes to
determine the lead time

Data and process model suitability
analysis

Conformance Checking

* Calculation of goodness of suitability of derived MES
data and derived model

* Calculation of the suitability between the standard
process model and the provided MES data
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Process Mining Function

Analytical Technology

Manufacturing Process Analysis

Animation analysis of the process model | Fuzzy Miner

* Animation of lot flow based on derived process model

Analyze the distribution of jobs for

. e Dotted Chart
specific jobs or facilities

* Use dotted line graphs to see the distribution of jobs
and wait times by worker or facility

Analysis of work time distribution by
process

Dotted Chart

* Analyze the work time distribution for each process
and identify when work is concentrated

Derive a lot flow model between field
technicians (or facilities)

Social Network Miner

* Derive equipment that is the center of information flow
by deriving lot flow model between field technicians
(facilities)

Derivation of equipment network model | Frequency Miner

* Calculate lot flow or transfer frequency between
facilities to derive models

Derivation of equipment structure model | Organizational Miner

* Facility grouping

Process—equipment relationship analysis | Comp—miner

* Graph the type of equipment and frequency of use for
each process

Standard facility non—compliant process

. DB Query
analysis

* Standard equipment non—conformance process
analysis

Standard equipment non—compliance
model derivation and simulation analysis

Frequency Miner and Animation

* Derive models for standard equipment and performance
equipment, and derive models for understanding flow

Analysis of process performance by
manufacturing, waiting, lead time

Basic Performance Analysis

¢ Calculate work frequency, maximum, minimum,
median and average of work hours

Compare production, wait, and lead time

equipment

performance for specific jobs and |Basic Performance Analysis

* Enables comparative analysis of manufacturing, waiting
time, and work lead time for specific processes, and
performance measurement of equipment and workers

Capacity utilization comparison analysis | DB Query

* Calculation of occupancy rates by facility and measurement
of facility performance through comparative analysis

Product family usage comparison analysis | Basic Performance Analysis

* Analysis of frequency and utilization of product
families by facility

Lead time analysis according to standard

* Understand changes in total work time due to

. DB Quer . . .
equipment Query compliance with standard equipment
Equipment standard yield analysis DB Query * Yield calculation per facility
. - . * Measurement of facility performance by calculation
Comparison of facility yields DB Query yp Y

and comparative analysis of each facility

Yield analysis based on standard equipment | DB Query

* Understand change in total yield with adherence to
standard equipment

Yield variation analysis per lot

Event data attribute analysis | * Derivation of yield variation graph for one lot

Process Standard Yield Analysis DB Query

* Yield analysis by process

Create a simulation model

Petri—net, Organizational Miner,
Decision Tree, CPN Tool

* Derive available simulation models
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