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 Problem Definition



Railway Reliability


What to Measure?


Public transport operators are generally
 evaluated on vehicle reliability and punctuality
 – not passenger punctuality.


Sooo easy to measure...


Some research on passenger perspectives in
 timetabling (Schoebel, 2018)∗.


Very hard to solve.


∗Schoebel, Anita (2018).“Passengers in Public Transport: Integrating Their Routes in the Planning Process”.


Keynote address. 14th Conference on Advanced Systems in Public Transport (CASPT): Brisbane, Australia
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(5)Motivation Relevance
 Problem Definition



Motivation


“If a tree falls in the forest, and no one is
 around to hear it, does it still make a sound?”


Public transport system should be judged by
 its passengers delays – not vehicle delays.
 A consistent method for determination of
 passenger delays is needed.
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Passenger Delays: What’s the Deal?


Vehicle delay information have become widely available through
 Automated Vehicle Location (AVL) data.


Passenger delays are difficult to measure.


Not just a sum of vehicle delays... (except for last trip segment).
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Passenger Delays: What’s the Deal?


Passenger delays increase when missing a connection...


... or catching an earlier connection (negative delay).


I.e. transfers plays an integral role.
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Passenger Delays: What’s the Deal?


Possible transfers are numerous...
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Aim


Establish a Model That Can:


Infer door-to-door passenger delays from
 vehicle delays:


At a large scale.


In multi-modal networks.
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Traditional Passenger Delay Models


Nielsen et al., 2009∗


A model with full adaptive route choices.


Applied to realised delays of suburban train network of Copenhagen.


Micro-simulated delays used inLandex and Nielsen, 2006†.


∗Nielsen, Otto Anker, Landex, Otto, and Frederiksen, Rasmus Dyhr (2009).“Passenger delay models for rail
 networks”. In:Schedule-Based Modeling of Transportation Networks. Boston, MA: Springer US. chap. 2, pp. 27–49


†Landex, Alex and Nielsen, Otto Anker (2006).“Simulation of disturbances and modelling of expected train
 passenger delays”. In:Computers in Railways X. vol. 1. WIT Transactions on The Built Environment, Vol 88.


Southampton, UK: WIT Press, pp. 521–529
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Models Using Personal Data


Smartphone Location Data
 Carrel et al., 2015∗


Combined with AVL data.


Data rarely made available
 due to privacy issues.


Tap-In, Tap-Out Data (AFC)
 E.g. Antos and Eichler, 2016†


Only available for closed systems.


Station-to-station.


∗Carrel, Andre, Lau, Peter S.C., Mishalani, Rabi G, Sengupta, Raja, and Walker, Joan L (2015).“Quantifying
 transit travel experiences from the users’ perspective with high-resolution smartphone and vehicle location data:


Methodologies, validation, and example analyses”. In:Transportation Research Part C: Emerging Technologies58,
 pp. 224–239


†Antos, Justin and Eichler, Michael D. (2016).“Tapping into Delay: Assessing Rail Transit Passenger Delay
 With Data from a Tap-In, Tap-Out Fare System”. In:Transportation Research Record: Journal of the
 Transportation Research Board2540.May, pp. 76–83
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What’s Missing?


Contribution


Door-to-door passenger delays.


Combining:


Readily available AVL data.


Easily transferable to other cities.


Multi-modal network.


Larger variety of transfer types.
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The Multi-Agent Transport Simulation MATSim


MATSim∗
 Open source.


Agent-based.


Door-to-door.


Activity-based.


Large-scale applicable.


Scenarios around the world.


∗Horni, Andreas, Nagel, Kai, and Axhausen, Kay W, eds. (2016).The Multi-Agent Transport Simulation
 MATSim. London: Ubiquity Press
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Public Transport Simulation in MATSim


Rieser, 2010∗


A PT leg consists of a series of stops.


Connected by either walking or PT.


First feasible PT vehicle is used.


∗Rieser, Marcel (2010).“Adding Transit to an Agent-Based Transportation Simulation: Concepts and
 Implementation”. Ph.d dissertation. Technische Universit¨at Berlin
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Public Transport Routing in MATSim


Ord´o˜nez, 2016∗


The plan can be altered between iterations based on
 performance of previous iteration.


Waiting time penalised 1.6 times harder.


Additional transfer penalty of 6 regular minutes.


∗Ord´o˜nez, Sergio Arturo (2016).“New Dynamic Events-Based Public Transport Router”. In:The
 Multi-Agent Transport Simulation MATSim. London: Ubiquity Press. Chap. 19, pp. 126–136
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Framework
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Levels of Adaptiveness: Why?


What Do Passengers Do?


Do they...


... stick to their intended route?


... rely on real-time traffic information and
 minimise their travel time?


.. a trade-off between the two?
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Levels of Adaptiveness: Which?


We propose three strategies:
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Levels of Adaptiveness: The Non-Adaptive


Non-Adaptive


Conservative, upper bound estimate.


No information passed on to passengers.


No flexibility in stop pattern.


madsp@dtu.dk Trafikdage p˚a Aalborg Universitet 2018 21/40



(24)Methodology MATSim
 Framework
 Levels of Adaptiveness



Levels of Adaptiveness: The Semi-Adaptive


Semi-Adaptive


Compromise estimate.


Full information gained when reaching first stop.


First stop fixed, the rest are flexible.
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Levels of Adaptiveness: The Full-Adaptive


Full-Adaptive


Optimistic, lower bound estimate.


Full information gained when at start of leg.


Full stop pattern flexibility.
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Framework Revisited


Algorithm


1: Create the planned timetable,SP.


2: Run MATSim with the events-based public transport router extension(Ord´o˜nez, 2016)
 usingSPto get the intended travel times,tTI, for all trips,T∈ T.


3: Create realised timetables,TDR, for all historical weekdays,D∈ D.
 4: forall days,D∈ Ddo


5: forall levels of adaptiveness,A∈ Ado


6: SimulateDin MATSim using realised timetable,TDR, and intended routes from
 2, while allowing adaptive choices of agents according to level of adaptiveness,A,
 to obtain corresponding realised travel times,tTRA, for all trips,T∈ T.


7: forall trips,T∈ T do


8: Find the corresponding passenger delay ofT,dTA, as the difference between
 the intended travel time from2and realised travel time from6,


dTA=tTRA−tTI. (1)


9: end for


10: end for
 11: end for


madsp@dtu.dk Trafikdage p˚a Aalborg Universitet 2018 24/40



(27)Methodology MATSim
 Framework
 Levels of Adaptiveness



Framework Revisited


Algorithm


1: Create the planned timetable,SP.


2: Run MATSim with the events-based public transport router extension(Ord´o˜nez, 2016)
 usingSPto get the intended travel times,tTI, for all trips,T∈ T.


3: Create realised timetables,TDR, for all historical weekdays,D∈ D.
 4: forall days,D∈ Ddo


5: forall levels of adaptiveness,A∈ Ado


6: SimulateDin MATSim using realised timetable,TDR, and intended routes from
 2, while allowing adaptive choices of agents according to level of adaptiveness,A,
 to obtain corresponding realised travel times,tTRA, for all trips,T∈ T.


7: forall trips,T∈ T do


8: Find the corresponding passenger delay ofT,dTA, as the difference between
 the intended travel time from2and realised travel time from6,


dTA=tTRA−tTI. (1)


9: end for


10: end for
 11: end for


madsp@dtu.dk Trafikdage p˚a Aalborg Universitet 2018 24/40



(28)Case Study & Results Case Study
 Results



Outline


1 Motivation


2 Background


3 Methodology


4 Case Study & Results
 Case Study


Results


5 Conclusions & Future Work


madsp@dtu.dk Trafikdage p˚a Aalborg Universitet 2018 25/40



(29)Case Study & Results Case Study
 Results



Delay Data


Delay data was provided by the national railway infrastructure manager,
 Rail Net Denmark.


All 65 weekdays of the autumn of 2014.


All railway lines except metro and small privately owned local lines.
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Model Area


Model was applied to the metropolitan area of Copenhagen:


Scenario
 All PT lines:


Train.


Metro.


Bus.


1% population sample:


3,747 (2,272) agents.


7,889 (5,316) PT trips
 per day.
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Aggregate Results


Delay [minutes]


CDF
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Aggregate Results


Passengers Trains


Non-Adaptive Semi-Adaptive Full-Adaptive


Delay ≤-5 minutes [%] 2.1 6.3 8.2 0.4


Delay ≤-1 minute [%] 8.4 13.6 15.7 11.9


|Delay|< 1 minute [%] 78.9 71.8 69.8 72.9


Delay ≥ 1 minute [%] 12.7 14.6 14.5 15.2


Delay ≥ 5 minutes [%] 5.3 6.9 6.7 3.0


Average Delay [minutes] 0.49 -0.43 -0.78 0.28


SD of Delay [minutes] 5.80 19.18 20.06 2.82


Number of Observations 333,804 333,757 333,686 2,362,880
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Break-Even Points
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Break-Even Points


madsp@dtu.dk Trafikdage p˚a Aalborg Universitet 2018 30/40



(41)Case Study & Results Case Study
 Results



Day-to-Day Variations
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Comparison to the Literature


Nielsen et al., 2009∗


∼15 % of passengers are delayed by at least one minute.


The adaptive strategies showed a similar proportion of
 passengers saving time (∼18 %).


Magnitude of passenger delays exceeds train delays.


∗Nielsen, Otto Anker, Landex, Otto, and Frederiksen, Rasmus Dyhr (2009).“Passenger delay models for rail
 networks”. In:Schedule-Based Modeling of Transportation Networks. Boston, MA: Springer US. chap. 2, pp. 27–49
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Issues?


Non-Adaptive as Subset of Adaptive


Large delays are most likely for adaptive strategies.


Optimised with respect to generalised travel cost.


Optimised with respect to entire day plans.


0.00.10.20.30.40.50.6


Time [minutes]


Survival Function
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Train Delays
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Issues?


Realised vs Planned Operations
 Realised outperforms planned.


If agents can obtain and
 react on such information.


Ignores robustness.


Supported by e.g. Fonseca
 et al., 2018∗.


Excess waiting time between
 trains and buses can be
 reduced by 2 minutes.


0.00.10.20.30.40.50.6


Time [minutes]


Survival Function


0 1 2 3 4 5


Train Delays
 Train Savings
 Non−Adaptive Delays
 Non−Adaptive Savings
 Semi−Adaptive Delays
 Semi−Adaptive Savings
 Full−Adaptive Delays
 Full−Adaptive Savings


∗Fonseca, Jo˜ao Paiva, van der Hurk, Evelien, Roberti, Roberto, and Larsen, Allan (2018).“A matheuristic for
 transfer synchronization through integrated timetabling and vehicle scheduling”. In:Transportation Research Part
 B: Methodological109, pp. 128–149
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Future Work


Extensions


Include AVL data from buses.


Use larger population sample (10%).


Further Analysis
 Spatial analysis.


Which parts of the network are most vulnerable?


Actual Within-Day Replanning


On-the-go-adaptive instead of iteratively.


As possible for car traffic, e.g. Kaddoura and
 Nagel, 2018∗.


∗Kaddoura, Ihab and Nagel, Kai (2018).“Using real-world traffic incident data in transport modeling”. In:


Procedia Computer Science130, pp. 880–885.
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Conclusions


Findings


Passenger delays were modelled for 65 weekdays
 in Copenhagen using three levels of adaptiveness.


Passengers delays vary more than train delays.


Small time savings are more likely than small
 delays.


Opposite is generally true when magnitude
 increases.
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Conclusions


Implications


The adaptive strategy generally saves time.


Realised operations are better for passengers
 than the planned.


Model may be used to evaluate timetable
 performance.


Suggests room for improvements concerning
 transfer times.
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(51)
Public Transport in MATSim


Rieser, 2010∗


A PT leg consists of a series of stops.


Connected by either walking or PT.


First feasible PT vehicle is used.


Ord´o˜nez, 2016†


The plan can be altered between iterations
 based on performance of previous iteration.


Waiting time penalised 1.6 times harder.


Additional transfer penalty of 6 regular minutes.


∗Rieser, Marcel (2010).“Adding Transit to an Agent-Based Transportation Simulation: Concepts and
 Implementation”. Ph.d dissertation. Technische Universit¨at Berlin


†Ord´o˜nez, Sergio Arturo (2016).“New Dynamic Events-Based Public Transport Router”. In:The
 Multi-Agent Transport Simulation MATSim. London: Ubiquity Press. Chap. 19, pp. 126–136
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            Trafikdage på Aalborg Universitet 2018
        
      

        1 indlæg falder for det kriterium, at der skal være mindst 10 vurde- ringer, og heraf skal mere end halvdelen bedømme indlægget som mindre godt eller ringe (3 i 2017). En

    
      
          
        
            Aalborg Universitet 27-28 august 2018 Trafikdage
        
      

        Aalborg Universitet 27-28 august 2018..

    
      
          
        
            Aalborg Universitet D1.7 -- Intermediate Report on the WHERE2 Channel Model
        
      

        The proposed delay power spectrum model allows for the prediction of mean delay and rms delay spread. These predicted values are shown together with the estimates from the

    
      
          
        
            Realiability of Railway Operation
        
      

        Service frequency  Travel time   Combined approach  Passenger delay. Frequency  Yes  No  Yes

    
      
          
        
            Framework Agreement for
        
      

        If the Laboratory exceeds one of the time limits/deadlines laid down in Annex 2 A, this will be  considered a delay. Furthermore, it will be considered a delay if the Laboratory

    
      
          
        
            Delay Insensitive Codes to
        
      

        Adding Temporal Redundancy to  Delay Insensitive Codes to.. Mitigate Single

      



      

    

    
            
            
      
  RELATEREDE DOKUMENTER

  
          
        
    
        
    
    
        
            Kalender
        
        
            
                
                    
                    3
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            View of Erfaringer med implementering af elektriske  køretøjer i virksomheder
        
        
            
                
                    
                    4
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            View of Vehicle Delay-Driven Passenger Delay Modelling
        
        
            
                
                    
                    7
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            View of Grøn Transport Kommune og grønne transport politikker
        
        
            
                
                    
                    3
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            View of The Usability of Passenger Delay Models in Socio-Economic Analysis
        
        
            
                
                    
                    10
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            View of Jernbanesimuleringsværktøjer i Danmark
        
        
            
                
                    
                    16
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Aalborg Universitet
        
        
            
                
                    
                    2
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
             Millis() vs Delay();
        
        
            
                
                    
                    12
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

      


              
          
            
          

        

          

  




  
  
  
    
      
        Company

        	
             Om os
          
	
            Sitemap

          


      

      
        Kontakt  &  Hjælp

        	
             Kontakt os
          
	
             Feedback
          


      

      
        Juridisk

        	
             Vilkår for brug
          
	
             Politik
          


      

      
        Social

        	
            
              
                
              
              Linkedin
            

          
	
            
              
                
              
              Facebook
            

          
	
            
              
                
              
              Twitter
            

          
	
            
              
                
              
              Pinterest
            

          


      

      
        Få vores gratis apps

        	
              
                
              
            


      

    

    
      
        
          Skoler
          
            
          
          Emner
                  

        
          
                        Sprog:
            
              Dansk
              
                
              
            
          

          Copyright 9pdf.org © 2024

        

      

    

  




    



  
        
        
        
          


        
    
  
  
  




     
     

    
        
            
                

            

            
                                 
            

        

    




    
        
            
                
                    
                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                    

                    
                        

                        

                        

                        
                            
                                
                                
                                    
                                

                            

                        
                    

                    
                        
                            
                                
  

                                
                        

                        
                            
                                
  

                                
                        

                    

                

                                    
                        
                    

                            

        

    


