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Original Project Setup



Current Project Setup



Original Idea

 Optimization and Automation of

 Pilot Planning

 Tugboat Planning

 Boatmen Planning

 Lock Planning

 Ship Entry Planning

 Berthing Planning



Current Project

 Optimization and Verification of

 Tugboat Planning

 (Pilot Planning)

 Academic Project

“We can and 

will only do 

Capacity 

Predictions.”



Datasets

APICS data – Tugboat Tasks

IVEF data – Vessel Positions



Data Issues (IVEF)

Vessel on land – Likely sensor issue



Data Issues (IVEF)

Tugboat is everywhere - Likely 

a broken sensor
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Data Issues (APICS)

Aanvang tijd 
(starting time)

Afstand 
(distance)

Einde tijd
(ending time)

11.77 km in 2 minutes = 353.1 km/h



Data Issues (APICS)

Task = “varen naar”Task = “slepen”



Data Issues (APICS)

Distance between 355 and 602 = 7.93 km (straight line)

355

602

9.28 km (theoretical map)



Port Theoretical Map 
(Graph)

2nd DEVS Simulation (simplified)

restructured
IVEF data



2nd DEVS Simulation



Steps:

1. Define the problem of interest and gather relevant data.

2. Formulate a mathematical model to represent the problem.

3. Develop a computer-based procedure for deriving solutions 
to the problem from the model.

4. Test the model and refine it as needed.

5. Prepare for the ongoing application of the model as 
prescribed by management.

6. Implement.



Operations 
Research 
Applications

For Tugboats



Operations 
Research 
Applications

 For Tugboats

 Constraint Programming / 

Linear Programming

 Goal Function and

Constraints



Operations 

Research 

Applications



Operations Research 

Applications

 The Objective Function: How to schedule

strong tugboats to provide satisfactory
service with the smallest cost?

 Constraints: The number of strong

tugboats working during each period

must satisfy the minimum requirement in

the rightmost column of the Table.



Time Period Covered (January)

Shift

Time Period 1 2 3 4 5 Minimum Number of 

Strong Tugboats Needed 

for tugging and sailing

6:00 A.M. to 8:00 A.M. X 10

8:00 A.M. to 10:00 A.M. X X 8

10:00 A.M. to noon X X 38

Noon to 2:00 P.M. X X X 41

2:00 P.M. to 4:00 P.M. X X 22

4:00 P.M. to 6:00 P.M. X X 12

6:00 P.M. to 8:00 P.M. X X 25

8:00 P.M. to 10:00 P.M. X 14

10:00 P.M. to midnight X X 56

Midnight to 6:00 A.M. X 37

Daily cost per Strong Tugboat $272 $272 $272 $272 $272

The optimal solution for this model is (x1, x2, x3, x4, x5) = (22,16,6,19,37).
This yields Z = $27200 that is, a total daily cost of $27200



Operations 
Research 
Applications

For Tugboat Pilots



PROMETHEE Methodology

Preference Ranking Organization METHod for Enrichment Evoluation

It is designed to help 
you to:

Evaluate several 
possible decisions or 
items according to 

multiple often 
conflicting criteria.

Identify the best 
possible decision.

Rank possible decisions

Sort items into 
predefined classes

Visualize decision or 
evaluation problems to 
better understand the 
difficulties in making 

good decisions

Achieve consensus 
decisions when several 
decision-makers have 

conflicting points of 
view

Justify or invalidate 
decisions based on 
objective elements.
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