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2. How simulation can help
3. Case study JWP
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3. Case study JWP
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1. Maritime Supply Chains
Supply chains that use the sea

– as area for gathering natural resources like oil, gas, 
or wind (start of chain)

– as production area within a supply chain, e.g. 
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–
windpark

– as transportation facility, with ports
as important connection points

Quellen: www.schenker.de, http://www.alpha-ventus.de



Maritime Supply Chains
Examples

– Wind park assembly and operation
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– Container terminal (as part of transportation chain)
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Container terminal

• Part of maritime supply
chain

• Load/ unload ships
• Store containers
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• Store containers
• Hinterland connection by

trucks, railway or ships

• Itself a supply chain (e.g. unload, transport, 
store, transport, load)



Container terminal: planning tasks

• Strategic: 
layout, cranes, carriers, storage areas, …
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Container terminal: planning tasks

• Operation: 
– Ship to shore: berth allocation
– Crane scheduling
– Load/ unload planning
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– Load/ unload planning
– Storage planning
– Transport planning
– Connection to „Hinterland“

• Complex combination
of these tasks



Planning Tasks

Berth Allocation (Ship to shore)

• Defines where and when a vessel has to berth at
the quay
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the quay
• Solutions include:

– First-in-first-served
– Berth closest to Stack
– Bin-Packing

• Representation e.g. as
time-space-diagram



Planning Tasks
Crane scheduling

• Quay cranes have to be allocated to vessel bays. 
Defines which crane has to operate on which bay
at which time
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at which time
• Restriction: cranes are not able to cross each

other
• Solutions include heuristics,

rule-based approaches
• Solution representation e.g. as

– time-space-diagram
– Gantt-chart



Planning Tasks
Storage location

• Defines „where“, „when“ and „how long“ a container has to
be stored

• Constraints, e.g.
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– Power supply needed
– Dangerous goods
– Shall container be opened
– When, how is next transport
– Logistic company at place
– Container damaged

• Solutions include heuristics



Planning Tasks
Transport planning (carrier scheduling)

• Which transportation unit has to transport which
container between two places, e.g. straddle carrier
(or other equipment) 
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(or other equipment) 
• Defines e.g. a sequence of jobs for each carrier
• Solutions include shortest path algorithms,

A*-algorithms
• Representation e.g. as list of nodes/ arcs



Main Challenges

• Make complex processes visible
• Show the single tasks included
• Show the interdependencies of tasks
• Show effects of early planning decisions
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• Show effects of early planning decisions
• Show effects of planning decicions directly
• Provide tool for checking strategies



2. How can simulation help ?

Simulation can help answering some of the
questions above e.g.
• Early planning (strategic) 

– Where to place the terminal
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– Where to place the terminal
– How to layout the terminal
– How to connect it
– What amount of containers can be handled
– How many cranes
– How many and which vehicles
– How fast can ship be unloaded
– How many ships
– …



How simulation helps
• For operation

– Evaluation of software systems (TOS)
– Evaluation of strategies for

• Storage
• Vessel usage
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• Vessel usage
• Berth allocation
• Crane scheduling
• Hinterland connection
• Transport within terminal



How simulation helps
• In general

– Testing of algorithms implementing the
strategies

– Evaluation of technical equipment with software
systems given
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systems given
– Training 
– Visualization of complex and interacting

processes

• In all cases we have to:
– model - execute - analyze



3. Our case study

Jade Weser Port

• shall start operation 2011
• 1725 m quay lenght
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• 1725 m quay lenght
• 650 m terminal depth
• 4 berths
• 16 gantry cranes
• 68 straddle carriers
• 8 trucks
• 5 railway loading cranes



Case study JWP
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Case study JWP
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Case study JWP
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Input for model
• Detailed plans, e.g.

Master plan
• Pictures of ships, 

cranes, carriers, 
containers, …



Case study JWP
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4. Virtual Port: the model

Requirements
• A system that helps understanding the complex

processes of the supply chain within a container
terminal
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• Realistic model of a container terminal
• Component for terminal operation tasks
• Simulation model for physical objects (ships, 

carriers, containers, …) and the processes at the
terminal

• 3D visualization of the simulation results
• Flexible combination of components



Virtual Port: the model

• Architecture consists of three (loosely) coupled
components

SIM-VIZ-DB
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vTOS SIM VIZ

vTOS-DB
(scenario)

SIM-DB
(simulation model)

VIZ-DB
(3D-objects)

SIM-VIZ-DB
(positions of objetcs)



Virtual Port: the model

• Architecture consists of three (loosely) coupled
components

SIM-VIZ-DB

control,
planning
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vTOS SIM VIZ

vTOS-DB
(scenario)

SIM-DB
(simulation model)

VIZ-DB
(3D-objects)

SIM-VIZ-DB
(positions of objetcs)strategies,

create scenario



The model: use cases

• Use case: evaluation of planning strategies

SIM-VIZ-DB

change
strategies

change
strategies
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vTOS SIM VIZ

vTOS-DB
(scenario)

SIM-DB
(simulation model)

VIZ-DB
(3D-objects)

SIM-VIZ-DB
(positions of objetcs)



The model: use cases

• Use case: evaluation of existing TOS

SIM-VIZ-DB

change to
real „TOS“

© Jürgen Sauer, Universität Oldenburg

TOS SIM VIZ

TOS-DB SIM-DB
(simulation model)

VIZ-DB
(3D-objects)

SIM-VIZ-DB
(positions of objetcs)



The model: use cases

• Use case: evaluation of new software in real scenario

Connected
with „real“ 

system
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vTOS

vTOS-DB
(scenario)

system

Quelle: www.schenker.de



Virtual Port

• Architecture consists of three loosely coupled
components
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5. Virtual Port: the system

• three main components

• several databases
vTOS SIM VIZ

SIM-VIZ-
DB
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• Combination of new
implementations in Java
with comercial simulation
package and open source
3D modeling software and engine

vTOS-
DB

SIM-DB VIZ-
DB



Virtual Port: the system
vTOS: virtual terminal operation system
• Definition of scenario
• Control of simulation process (socket communication)
• Configuration of components
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• Preparation of simulation
• Includes planning

algorithms for
– Berth allocation
– Unloading
– Crane scheduling
– Storage location



Virtual Port: the system
SIM: simulation component
• Uses emPlant/ PlantManager
• Simulation of transport/ storage

processes on terminal
• Controled by vTOS
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• Controled by vTOS
• Model of terminal
• Model of objects

– trains
– carrier
– cranes
– containers



Virtual Port: the system
Communication between vTOS and SIM

vTOS sends orders to SIM, e.g. for
• VC container movement
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– (OrderNr, OrderType, VCID, Pickup, Delivery, ContainerID)

• VC movement
• Ship movement
• Train movement
• Crane movement
• Transtainer movement



Virtual Port: the system
VIZ: 3D visualization component
• Uses output from SIM (polls DB)
• Blender-models of terminal and Objects
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Virtual Port: the system
VIZ: 3D visualization component
• Xith3D-engine with basic physical features
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Virtual Port: the system
Communication between SIM and VIZ

• SIM actions lead to database entries, e.g.
– Timestamp, object, new position
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• VIZ polls DB for new entries
– If new entries then object movement is shown



Virtual Port

Actual dimensions

99  different Blender objects:
• 4 container

© Jürgen Sauer, Universität Oldenburg

• 3 ships
• 22 railway objects
• 17 surface objects
• 17 street objects
• 5 buildings
• etc: 31 (ocean, VC, crane, lamp, 

power supply, cars, …) 



Virtual Port
Actual dimensions

Sample port scenario: 
8753 objects

• 4978 container
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• 3 ships
• 94 railway objects
• 20 van carrier
• 1916 surface objects
• 417 street objects
• 43 buildings
• 176 lamps
• etc: 1106 (ocean, crane, lamp, 

power supply, cars, …) 



Virtual Port
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Virtual Port
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Virtual Port: Conclusion

• Combination of scenario control with simulation
tool and real time 3D visualization

• Loosely coupled flexible system
• Interfaces for new algorithms
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• Interfaces for new algorithms

To do
• Easy creation of additional components
• Other scenarios
• More algorithms
• Evaluation with real ecenario



Thank you !
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Questions ?


