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Our work contributes by developing optimal maintenance schedules for train lines, 
addressing the integrated problem of maintenance works and crew scheduling on railway 
networks. Our study has the additional features:
• We enhance a baseline maintenance work scheduling model with crew scheduling.
• We formulate a binary nonlinear programming model for maintenance works and crew 

scheduling and we reformulate it as a binary linear model to obtain an optimal solution.
• The integrated approach reduces costs by minimizing the maintenance duration 

through task grouping.

• the implementation considers an ideal railway network, with a low-frequency traffic 
load.

• the number of maintenance tasks and available crews is predefined.
• the length of each link is fixed.
• the planning horizon is 52 weeks, and one maintenance task corresponds to duration of 

one week.

The implementation of the model aims to test the enhanced model and evaluate its 
performance. For this example, we have set:  
• Link length: 10km, Number of links: 5
• 2 long-term/project works, and 3 short-term/routine works
• Number of work crews: 5
• Additional link for the depot
• Frequency and planning cycle for routine works
• Earliest and latest starting time, and duration for projects
• Route cancellation and inefficient resource usage costs per link

𝑴𝑴𝑴𝑴𝑴𝑴�
𝑙𝑙𝑙𝑙𝑙𝑙

�
𝑡𝑡∈𝑇𝑇

𝐶𝐶𝑙𝑙𝑙𝑙 𝑀𝑀𝑙𝑙𝑙𝑙 + �
𝑘𝑘𝑘𝑘𝑘𝑘

�
𝑝𝑝𝑝𝑝𝑝𝑝

�
𝑙𝑙𝑙𝑙𝑙𝑙

𝐵𝐵𝑘𝑘𝑘𝑘𝑘𝑘𝐷𝐷𝑘𝑘𝑘𝑘𝑘𝑘 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑘𝑘𝑘𝑘 + 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑘𝑘𝑘𝑘𝑘𝑘

+ �
𝑒𝑒∈𝐸𝐸

�
𝑡𝑡=1

𝑇𝑇−1

�
𝑙𝑙∈𝐿𝐿𝐿𝐿

�
𝑞𝑞∈𝐿𝐿𝐿𝐿∄𝑙𝑙

𝑊𝑊𝑙𝑙𝑙𝑙 1 − �
𝑎𝑎∈𝐴𝐴

𝐻𝐻𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 −�
𝑎𝑎∈𝐴𝐴

𝐻𝐻𝑒𝑒𝑒𝑒𝑒𝑒 𝑡𝑡+1  (1)

s.t.:  

�
𝑡𝑡𝑡𝑡𝑡𝑡

𝑋𝑋𝑋𝑋𝑋𝑋𝑋𝑋 = 𝐺𝐺𝐺𝐺𝐺𝐺 ∀ 𝑎𝑎 𝜖𝜖 𝑅𝑅𝑅𝑅, 𝑙𝑙𝑙𝑙𝑙𝑙 (2)

�
𝑡𝑡∈𝑇𝑇

𝑋𝑋𝑝𝑝𝑝𝑝𝑝𝑝 = �
𝑘𝑘∈𝐾𝐾

𝐼𝐼𝑝𝑝𝑝𝑝𝐷𝐷𝑘𝑘𝑘𝑘𝑘𝑘𝐵𝐵𝑘𝑘𝑘𝑘𝑘𝑘  ∀ 𝑝𝑝 ∈ 𝑃𝑃𝑃𝑃, 𝑙𝑙𝑙𝑙𝑙𝑙 (3)

𝛸𝛸𝑚𝑚𝑚𝑚𝑚𝑚 + 𝑋𝑋𝑛𝑛𝑛𝑛𝑛𝑛  ≤ 1 ∀ ∈ 𝑇𝑇, 𝑚𝑚,𝑛𝑛, 𝑙𝑙 ∉ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 (4)

�
𝑡𝑡=𝑠𝑠

𝑠𝑠+𝐹𝐹𝑎𝑎𝑎𝑎

𝑋𝑋𝑎𝑎𝑎𝑎𝑎𝑎 + �
𝑡𝑡=1

𝑠𝑠+𝐹𝐹𝑎𝑎𝑎𝑎−1

𝑋𝑋𝑎𝑎𝑎𝑎𝑎𝑎  ≤ 1 ∀ 𝑎𝑎 ∈ 𝑅𝑅𝑅𝑅, 𝑙𝑙 ∈ 𝐿𝐿, 𝑠𝑠 ∈ 𝑇𝑇 (5)

�
𝑡𝑡=1

𝑇𝑇 −𝐷𝐷𝑘𝑘𝑘𝑘𝑘𝑘+1

𝑌𝑌𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 = 𝐵𝐵𝑘𝑘𝑘𝑘𝑘𝑘 ∀ 𝑝𝑝 ∈ 𝑃𝑃𝑃𝑃, 𝑙𝑙 ∈ 𝐿𝐿, 𝑡𝑡 ∈ 𝐿𝐿𝐿𝐿𝐿𝐿𝑝𝑝𝑝𝑝, 𝑈𝑈𝑈𝑈𝑈𝑈𝑝𝑝𝑝𝑝  𝑘𝑘 ∈ 𝐾𝐾 (6)

�
𝑠𝑠=𝑡𝑡

𝑡𝑡+𝐷𝐷𝑘𝑘𝑘𝑘𝑘𝑘−1

𝑋𝑋𝑝𝑝𝑝𝑝𝑝𝑝  ≥  𝐷𝐷𝑘𝑘𝑘𝑘𝑘𝑘  𝑌𝑌𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 ,∀ 𝑝𝑝 ∈ 𝑃𝑃𝑃𝑃, 𝑙𝑙 ∈ 𝐿𝐿, 𝑡𝑡 ∈ 𝑇𝑇, 𝑡𝑡 ≤ 𝑇𝑇 − 𝐷𝐷𝑘𝑘𝑘𝑘𝑘𝑘 + 1, 𝐼𝐼𝑝𝑝𝑝𝑝 = 1, 𝑘𝑘 ∈ 𝐾𝐾 (7)

�
𝑘𝑘∈𝐾𝐾

𝐵𝐵𝑘𝑘𝑘𝑘𝑘𝑘 = 1 ∀ 𝑝𝑝 ∈ 𝑃𝑃𝑃𝑃, 𝑙𝑙 ∈ 𝐿𝐿 (8)

𝑀𝑀𝑙𝑙𝑙𝑙  ≥  𝑋𝑋𝑎𝑎𝑎𝑎𝑎𝑎 ∀ 𝑎𝑎 ∈ 𝐴𝐴, 𝑙𝑙 ∈ 𝐿𝐿, 𝑡𝑡 ∈ 𝑇𝑇 (9)
𝑋𝑋𝑎𝑎𝑎𝑎𝑎𝑎 ∈ 0,1 ,𝑀𝑀𝑙𝑙𝑙𝑙 ∈ 0,1 ,𝑌𝑌𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘  ∈ 0,1 ,𝐵𝐵𝑘𝑘𝑘𝑘𝑘𝑘 ∈ 0,1  ∀𝑎𝑎 ∈ 𝐴𝐴, 𝑡𝑡 ∈ 𝑇𝑇, 𝑙𝑙 ∈ 𝐿𝐿,𝑘𝑘 ∈ 𝐾𝐾 10

Additional constraints of the enhanced model: 

�
𝑎𝑎∈𝐴𝐴

�
𝑙𝑙∈𝐿𝐿𝐿𝐿

𝐻𝐻𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 ≤ 1 ∀𝑡𝑡 ∈ 𝑇𝑇, 𝑒𝑒 ∈ 𝐸𝐸 11

𝑋𝑋𝑎𝑎𝑎𝑎𝑎𝑎 = �
𝑒𝑒∈𝐸𝐸

𝐻𝐻𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑍𝑍𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 ∀𝑙𝑙 ∈ 𝐿𝐿, 𝑡𝑡 ∈ 𝑇𝑇, 𝑎𝑎 ∈ 𝐴𝐴 12

�
𝑎𝑎∈𝐴𝐴

𝐻𝐻𝑒𝑒𝑒𝑒𝑒𝑒𝑒 −�
𝑎𝑎∈𝐴𝐴

�
𝑙𝑙∈𝐿𝐿

𝐻𝐻𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 = 1 ∀𝑡𝑡 ∈ 𝑇𝑇, 𝑒𝑒 ∈ 𝐸𝐸 13

The objective function (1) minimizes the number of time periods for which major 
maintenance works are planned per planning horizon T. Namely:
• the track possession cost,
• the cost of carrying out the scheduled projects, and
• the cost considering crew scheduling to maintenance tasks. 

With the additional constraints we ensure that :
• a crew can work only at one workstation, i.e., the execution of a maintenance task by a 

given work crew 𝑒𝑒 ∈ 𝛦𝛦 at link 𝑙𝑙 ∈ 𝐿𝐿𝐿𝐿 can be performed by a single crew at a time 𝑡𝑡 ∈ 𝑇𝑇.
• each scheduled maintenance task 𝑎𝑎 ∈ 𝐴𝐴 must be equal to and correspond to a work 

crew 𝑒𝑒 ∈ 𝛦𝛦 at each link 𝑙𝑙 ∈ 𝐿𝐿, at each time 𝑡𝑡 ∈ 𝑇𝑇.
• each work crew 𝑒𝑒 ∈ 𝛦𝛦 at each time 𝑡𝑡 ∈ 𝑇𝑇 is required to move either to a link 𝑙𝑙 ∈ 𝐿𝐿 or 

stay in the depot. 

The mixed-binary linear mathematical program was solved using the Branch-and-Cut 
algorithm of the GUROBI optimization software. The results include the annual 
maintenance schedules for tasks, work crew allocation to the planned tasks, and the total 
maintenance costs. 

• grouping tasks on the same link significantly reduces costs, and the workload is 
efficiently distributed among the work crews.

• further research  is required to examine computation time limits for optimal solutions, 
including adding tasks and exploring a larger network.

• it is essential to explore incorporating train timetables for precise task scheduling.
• testing scenarios with larger tasks would be beneficial for evaluating maintenance 

functionality and assessing cost distribution relative to operators' capabilities. 
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Figure 1. Annual maintenance planning results of the baseline model 

Figure 2. Annual maintenance planning results of the enhanced model 
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Figure 3. Scheduled maintenance tasks and crew allocation of the enhanced model 
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