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BPM & Process mining

Source: https://fluxicon.com/technology/
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Process mining framework

Van der Aalst, W. M. P. Process mining - discovery, conformance and enhancement of business process. 
Springer-Verlag Berlin Heidelberg, 2011.
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Port process

Sutrisnowati, R. A., Pulshashi, I. R., Bae, H., Jeon, D., and Sul, S.-O. Time-gap analysis considering multi-dimensional perspective for process
performance evaluation. ICIC Express Letters Part B: Applications (ISSN 2185-2766) 9, 5 (2015), 1435–1440. 
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Simulation analytics

Advanced analytics

Quay crane analysis

Yard crane analysis

Yard block occupancy

Truck job pattern

Resource Analysis

Container process

Process Discovery

Deleting null cases

Preprocessing
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Preprocessing
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Deleting null cases

VESSEL CONTAINER_NO MCHN_ID MCHN_TP_CD FULL_EMPTY JOB_TYPE POD BLOCK_BAY JOB_START_DT JOB_END_DT OUTSERVICE
V1 C01 QC01 QC M DS-QUAYSIDE KRPUS M-08 20180106200118 20180106200250 NULL

V1 C01 YT01 YT M DS-MOVE KRPUS M-08 20180106200250 20180106200736 NULL

V1 C01 YC01 YC M DS-YARDSIDE KRPUS M-08 20180106200736 20180106200908 NULL

V1 C01 NULL NULL M GO JPHKT NULL 20180202200041 AC1

There are 21 cases of Gate Out activity having empty start timestamp. 
So all 21 cases (100 rows of events) are removed from the merged data 
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Process analysis
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Process model discovery
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Process analysis
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Heat map flows: Activity vs activity
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Process analysis
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Filtering out anomaly flows 

Shown :
• Arc : 100%
• Node : 100% 

Shown :
• Arc : 41.7%
• Node : 100% 
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Process analysis
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Conformance checking

• Fitness: 98.91%

• The model conforms 98.91% of event logs

• Model flexibility: 23.53%

Event log Conformance
Checking

Heuristics
Miner

Petri Net

Discovered 
process 
model

ConformsConvert
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Shown :
• Arc : 41.7%
• Node : 100% 
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Process analysis
Job processing time distribution
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Processing time distribution 

between jobs

Shown :
• Arc : 41.7%
• Node : 100% 
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RESOURCE ANALYSIS
Quay crane
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Quay crane movement analysis
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Vessel 01

x-axis: position on the vessel
y-axis: timeline

Sample of ideal quay crane movement
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Quay crane movement analysis
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Vessel 02

x-axis: position on the vessel
y-axis: timeline

Possible parallel jump?



http://bsclab.pusan.ac.kr 18

x-axis: position on the vessel
y-axis: timeline

Possible parallel jump?

Vessel 02

Quay crane movement analysis
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Quay crane dual-cycle analysis
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QC01 QC02 QC03

Mean duration

• Vessel V02

• The proportion of dual cycle is 
quite low in each quay crane
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Quay crane utility to duration related KPI
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RESOURCE ANALYSIS
Yard crane
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YC Movement
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YC ID: YC32-YC36

x-axis: block-bay position
y-axis: timeline

Sporadic TC33 job in between
TC31 and TC32
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YC Workload analysis
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Workload of TC11 in one day (Jan 1st 2018)

Adding 6 jobs queue and completed job will subtract the job queue
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RESOURCE ANALYSIS
Yard block
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Block Occupancy
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Block M-Z

Block Q has over occupancy (e.g., occupa
ncy more than 100%).

Based on the yard block layout, block Q i
s used for dry and reefer container.
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RESOURCE ANALYSIS
Truck job pattern
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Proportion of DS-Move in Discharging jobs
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Truck job pattern
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Proportion of LD-Move in Loading jobs
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ADVANCE ANALYTICS
Petri net simulation
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Advance analytics

Event log 

Convert to 
simulation model

1

3

Discovered process model

2

VESSEL CONTAINER_NO MCHN_ID MCHN_TP_CD FULL_EMPTY JOB_TYPE POD BLOCK_BAY JOB_START_DT JOB_END_DT OUTSERVICE

V1 C01 QC01 QC M DS-QUAYSIDE KRPUS M-08 20180106200118 20180106200250 NULL

V1 C01 YT01 YT M DS-MOVE KRPUS M-08 20180106200250 20180106200736 NULL

V1 C01 YC01 YC M DS-YARDSIDE KRPUS M-08 20180106200736 20180106200908 NULL

… … … … … … … … … … …
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Advance analytics
Petri net simulation model generation

VESSEL CONTAINER_NO MCHN_ID MCHN_TP_CD FULL_EMPTY JOB_TYPE POD BLOCK_BAY JOB_START_DT JOB_END_DT OUTSERVICE

V1 C01 QC01 QC M DS-QUAYSIDE KRPUS M-08 20180106200118 20180106200250 NULL

V1 C01 YT01 YT M DS-MOVE KRPUS M-08 20180106200250 20180106200736 NULL

V1 C01 YC01 YC M DS-YARDSIDE KRPUS M-08 20180106200736 20180106200908 NULL

… … … … … … … … … … …

Decision Point 분석 Organizational 분석 Statistical 분석

What-if simulation analytics
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Advance analytics

32

ResultsConfig/Resource GC YT Makespan with 4,028 containers Throughput #of containers finished  at 74,803 sec

장비구성 1 * 7 94 81,005 sec 0.0497 c/sec 3,717 containers

장비구성 2 7 84 81,168 sec 0.0496 c/sec 3,716 containers

장비구성 3 7 104 80,770 sec 0.0498 c/sec 3,729 containers

장비구성 4 6 94 93,958 sec 0.0428 c/sec 3,212 containers

장비구성 5 6 84 94,124 sec 0.0427 c/sec 3,188 containers

장비구성 6 6 104 93,934 sec 0.0428 c/sec 3,205 containers

장비구성 7 5 94 112,876 sec 0.0356 c/sec 2,664 containers

장비구성 8 5 84 113,037 sec 0.0356 c/sec 2,680 containers

장비구성 9 5 104 112,656 sec 0.0357 c/sec 2,664 containers

장비구성 10 4 94 141,680 sec 0.0284 c/sec 2,130 containers

장비구성 11 4 84 141,712 sec 0.0283 c/sec 2,126 containers

장비구성 12 4 104 141,674 sec 0.0284 c/sec 2,130 containers

장비구성 13 3 94 188,047 sec 0.0214 c/sec 1,595 cases

장비구성 14 3 84 188,032 sec 0.0213 c/sec 1,594 cases

*실제장비구성
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Conclusion & future works

• Conclusion:

– In port logistics, terminal operating systems records every job happens during container handling process. 

– Using these recorded logs we conducted a thorough analysis using process mining technique. 

– Given a port logistics process is a complex process wherein many types of equipment are used, we divided the re
cords into several perspectives that each one, later, are analyzed. 

– Based on the analysis that we do on the data, we found that significant improvement needed to increase the perf
ormance of each equipment for container handling process

– However, the main concern is the abstraction level of jobs is too grain and particular jobs, i.e., rehandling in yard, 
are not included in this analysis

• Future works:

– To obtain a more comprehensive analysis, we would like to analyze a more detail job abstraction level 

– Include vessel perspective and road truck perspective that are not included in the present analysis

– With feedbacks from the domain expert, a recommendation systems can be generated for better operation

33
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