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(Source: https://www.termavi.com/en/multimedia-2/)

Yard crane scheduling 

problem (YCSP) determines 

the allocation and schedule of 

the yard cranes (RTG’s and 

RS’s) to the pending 

operational jobs.
Rubber Tyred Gantry crane (RTG)

Reach Stacker (RS)



Ran Wang

Problem introduction 
13 July 2021

EURO2021, Athens, University of West Attica, 11-14 July 2021 3

Three task groups:

- RTG only tasks

- RS only tasks

- RTG-RS tasks
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• Minimise the tardiness of 

container operations

• Minimise the energy 

consumption of yard cranes

RTG 2

1

3

2
RTG 1
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Model formulation

YCSP is formulated as a 

vehicle routing problem with

time windows.

• Each crane RTG/RS is 

considered as a vehicle

• Each container movement task is 

considered as a job/customer

• Each job has a independent time 

window
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Model formulation

Decision variables

• 𝑈𝑘𝑖𝑗 1 if arc (i,j) is traversed by RTG or RS k, and 0 otherwise

• 𝑉𝑖 Service starting time of RTG or RS for customer i

Mixed integer nonlinear model for bi-objective

• Tardiness of all jobs 𝑀𝑖𝑛𝑖𝑚𝑖𝑠𝑒 𝑍1= σ
𝑖∈𝐽max 𝑉𝑖+ 𝑠𝑖− 𝑏𝑖 , 0 ,

• Energy consumption: moving energy and working energy of RTGs, 
moving energy and working energy of RSs

𝑀𝑖𝑛𝑖𝑚𝑖𝑠𝑒 𝑍2

= 

𝑘∈𝑅𝑅𝑇𝐺



𝑖∈𝑊


𝑗∈𝑊,𝑗≠𝑖
𝑡𝑖𝑗
𝑅𝑇𝐺𝛾𝑅𝑇𝐺+ 𝑑𝑖𝑗𝛿

𝑅𝑇𝐺 𝑈𝑘𝑖𝑗+ 

𝑖∈𝐽𝑅𝑇𝐺
𝑠𝑖 𝛾

𝑅𝑇𝐺+ ℎ𝑖 𝛽
𝑅𝑇𝐺

+ 

𝑘∈𝑅𝑅𝑆



𝑖∈𝑊


𝑗∈𝑊,𝑗≠𝑖
𝑑𝑖𝑗𝛿

𝑅𝑆𝑈𝑘𝑖𝑗+ 

𝑖∈𝐽𝑅𝑆
ℎ𝑖 𝛽

𝑅𝑆
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A hybrid metaheuristic for YCSP

• A Pareto Archived Evolution Strategy (PAES)

• Simulated Annealing as local search

• Completing a job includes set-up time and processing time. The

set-up time is sequence dependent. (Akpinar et al., 2012; Ruiz et

al., 2004; Abreu et al., 2020)
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Terminate 

search

Mutate current solution

Evaluate candidate solution

Is candidate 

dominated 

by current

Compare and update archive

Select new current solution 

No

No

Yes

Yes
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• Chromosome example

• Mutations

• Insert a random job to another position

• Swap a number of jobs between two cranes

• Reverse a number of jobs in a random crane

Crane 1 2 1 5 7 10 4

Crane 2 9 3 6

Crane 3 8 11 12
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Pareto frontier example
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Case study
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Conclusions

• Future work

• Acknowledgements: This project receives funding in the European 

Commission’s Horizon 2020 Research Program under Grant 

Agreement Number 769267
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Thank you for your attention! 

Questions, comments?
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