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o  Introduction 
• Decision support embedded in the eIMS 
• Planning problem 
• Monte Carlo Rollout 

 

o Road use case 
• Description of the use case 
• Methodology 
• Results 

 

o Rail use case 
• Description of the use case 
• Methodology 
• Results 

 

o Outlook and Conclusions 
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Structured approach using a formal model 
Support by IT tools to :  
  

 →  Make use of all information also uncertain 
 →  Tackle complexity 
 →  Evaluate alternatives 



Monte Carlo Rollout 
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Main idea:  
 

• create a set of different desicions  (called alternatives)  
• evaluate each alternative using a set of future scenarios 
• Based on this evaluation the best alternative is choosen  
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o Planning task:  
• Optimal allocation of maintenance interventions on 

500m road segments in mid-term (5 years ahead) 
 

 
 

o Decisions to make:  
• Selection of “Minimum intervention level” 
• Assignment of “Starting date” (on a monthly basis) 
 

o Objectives/KPIs to be optimized:  
• Minimize costs for maintenance intervention 
• Maximize road quality index  
        (which depends on forecasted condition) 
• Maximize availability of the network  
        (or conversely minimize the reduction of sections    
         availability due to interventions) 

Description of the Road use case   
Mid-term road maintenance planning for IP  

segment 

section 



Description of the Road use case             
Mid-term road maintenance planning for IP  
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o Constraints:  

 • Minimum quality level for the different road segments  

• Maximum overall budget for 5 years  

     (also budget restrictions on the yearly basis) 

•    Limited capacity of supervisory staff  
     (number of interventions allocated to certain region is restricted) 

•    each section can be only maintained once during the planning horizon 

•    Ensuring certain network avalability 
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Description of the Road use case   
Mid-term road maintenance planning for IP  

o The main challenge:  
 

• Due to uncertain degradation and condition development: 
 allocated interventions are only predicted (“most probable”) 
  

• Unknown during planning, only known at execution time: 
 condition of the asset 
 segments affected 
 associated duration and cost of the intervention 
 

         planning looks for ROBUST solutions! 
 

solution 
quality 

solution space 

Solution with 
highest quality 

Robust solution 
with high quality 



Road Use Case - Methodology 

How to generate an event intervention?  
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End? 

Type? 

Segment? 

Alert Description 

T0 No No maintenance requested 

T1 Yes Do nothing. 

T2 Yes Microsurfacing,  
Surface dressing 

T3 Yes Thin Hot-Mix Asphalt 
overlay (≤5cm) 

T31 Yes Surface milling with thin 
Hot-Mix Asphalt overlay 
(≥5cm) 

T4 Yes Thin Hot-Mix Asphalt 
overlay (>5cm) combined 
with milling 



Road Use Case - Methodology 

• Plan is „good“ in this scenario 
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Alert Description 

T0 No No maintenance 
requested 

T1 Yes Do nothing. 

T2 Yes Microsurfacing,  
Surface dressing 

T3 Yes Thin Hot-Mix Asphalt 
overlay (≤5cm) 

T31 Yes Surface milling with thin 
Hot-Mix Asphalt overlay 
(≥5cm) 

T4 Yes Thin Hot-Mix Asphalt 
overlay (>5cm) combined 
with milling 
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Road Use Case - Methodology 

• Plan is „bad“ in this scenario 
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Alert Description 

T0 No No maintenance 
requested 

T1 Yes Do nothing. 

T2 Yes Microsurfacing,  
Surface dressing 

T3 Yes Thin Hot-Mix Asphalt 
overlay (≤5cm) 

T31 Yes Surface milling with thin 
Hot-Mix Asphalt overlay 
(≥5cm) 

T4 Yes Thin Hot-Mix Asphalt 
overlay (>5cm) combined 
with milling 
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Road Use Case - Methodology 

• More robust plan 
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Alert Description 

T0 No No maintenance 
requested 

T1 Yes Do nothing. 

T2 Yes Microsurfacing,  
Surface dressing 

T3 Yes Thin Hot-Mix Asphalt 
overlay (≤5cm) 

T31 Yes Surface milling with thin 
Hot-Mix Asphalt overlay 
(≥5cm) 

T4 Yes Thin Hot-Mix Asphalt 
overlay (>5cm) combined 
with milling 
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Road Use Case - Methodology 
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Application of the Monte Carlo Rollout 
 

 
1. Planning step 

• Rough plan – allocation of interventions into 5 years 
• Generate a list with all possible intervention events 𝑒 𝑇𝑥 , 𝑡, 𝑠𝑒𝑐𝑡𝑖𝑜𝑛  
              To specify: intervention level, planning year 
• Priorization of all possible intervention events using ∆𝑐 and ∆𝑞 
• Selection of 𝑛 intervention events with highest priority 
• Allocation of interventions is modelled via bin packing problem 

 
 

Year 2 
 

Year 1 
 

Year 3 
 

Year 4 
 𝑏𝑢𝑑𝑔𝑒𝑡1 

𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦1 
𝑏𝑢𝑑𝑔𝑒𝑡2 
𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦2 

𝑏𝑢𝑑𝑔𝑒𝑡3 
𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦3 

𝑏𝑢𝑑𝑔𝑒𝑡4 
𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦4 

Year 5 
 𝑏𝑢𝑑𝑔𝑒𝑡5 

𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦5 



Road Use Case - Methodology 
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Application of the Monte Carlo Rollout 
 
2. Planning Step 

• Consider each year separately  
• allocation into months 
• Priorization using ∆𝑐, ∆𝑞 
• Selection of the event with highest priority – allocation 

into the first month  
• Select remaining intervention events that „fits best“ 

(capacity, availability) 
• Capacity constraint satisfied 
• Availability of the network is not allowed to decrease 

more than 𝑛% 
 

 



Road Use Case – Results 
Visualization of the tactical plan 
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Road Use Case – Results 
Validation of the KPIs 
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Road Use Case – Results 
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Setting: 
• Consider 100 scenarios 
• Choose between 20 alternatives in the 

Monte Carlo Rollout 
 

Evaluation: 
• We obtain lower costs and a higher 

quality 
• The more difficult the problem the 

bigger the advantage 
 
Planned interventions: 
Monte Carlo: 71 
First Fit: 52 

 
Overall cots: 
Monte Carlo: 10047763  
First Fit:          10419329  

 
 



Description of Railway Use case  
Short-term maintenance planning for TRV 

 

o Decision to make:  
Allocate maintenance activites to time windows and 
maintenance crews 
 

o To be optimised:  
Penalty costs for influence in service and for shifting 
of maintenance activities 
 

o Constraints: 
• Uncertain duration of maintenance activities 
• Limited budget per week 
• Limited time for maintenance per week 
• Working shift constraints 
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Railway Use case - Methodology 
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Application of the Monte Carlo Rollout 
 
o Order maintenance activities by 

priority (sum penalties) 
 

o Alternatives: 
All possible time windows and working teams 

 
o Heuristic: Use best time window 

• Prefer already booked time windows 
• Prefer time slot with most free time 
• Prefer working team with fewest work 

 

o Evaluate Alternatives: 
• Sum of penalties 
• Number of maintenance activities shifted to 

next week 



Railway Use case - Results 
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Short-term maintenance planning: 



Railway Use case – Results 
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Comparison with a Heuristic: 

• Monte Carlo lower penalties and 
higher feasebility 

 
• The more complicated the 

problem the higher is the 
advantage of the Monte Carlo 
method 
 



Conclusion 

We managed to… 
 

• integrate uncertain information ( e.g. duration of each intervention is 
only known at the time point of execution) 

• make use of stochastic information 

• ensure a robust planning 

Road: 

• avoid multiple traffic interruptions 

• integrate traffic flow into the optimisation process 

Rail: 

• optimal intervention allocation to working teams 

• reasonable usage of time windows   
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Outlook 

Directions for future research… 
 

• Generalisation and extension of the model to make it 
easily adaptable to other use cases 

• Extend the scope to strategic planning 

• Efficient data structures for the integration of Asset 
condition and Alert management  

• Improving the runtime of the toolkit 
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