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  Growing importance of precision in planning process

  Trade off capacity-punctuality

  Wide range of real-world collected data

  Micro-simulation can consider most stochastic phenomena

Introduction

  Ex-ante timetable robustness evaluation

  Point out critical points and suggest dispatching rules

  Evaluation of headway times
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Outline

 Approach

 Timetable robustness measures

  New reliability indicator 

 Model calibration

 Case study: Torino
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  Real Traffic Analysis

  Model Calibration

  Dense timetable (Fiche UIC 406)

 real train mix

 running times with no supplements

  Variable buffer times and supplements are inserted

  Multiple stochastic simulations

  Simulation output analysis

Approach
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  Frequency of Delay Index (F)

New reliability indicator

6

Figure 1 Parameters involved in F.

The resulting index F is a synthetic percentage indicator, which is smaller as the traffic 

quality increases and shows values higher than 100 for non-acceptable high variability and 

delays. F indicates both running time deviation and punctuality: therefore it can be used as 

comprehensive  parameter  for  quality  of  traffic  and  service  measurement.  The  new 

indicator has been tested in different lines and nodes in Italy.

5 Case study: Torino node

Turin is the second largest city in northern Italy with its 1 million inhabitants in town. 

This number rises up to 4 millions in the Turin region. The Turin railway node is quite 

complex. Ten lines converge to the node (5 double track and 5 single track lines) as shown 

in Figure 2. Some of them are dedicated to short distance commuter traffic, while other 

lines play an important role at national and European level. For example Turin belongs to 

the Fifth Pan-European Corridor (Lyon – Turin – Milan – Venice – Triest – Ljubljiana – 

Kiev). 

Within the node many junctions and 14 stations are placed, one of them is dedicated to 

freight  traffic.  Turin  main station  (Torino  Porta  Nuova)  is  a  terminal  station with  20 

tracks. 
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New reliability indicator
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Data flow
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“Micro” Analyzer
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Stop Time
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Distributions
Running Time Calculator
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Real Speed
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Distributions
On Time / Delay

Braking Behavior
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Distributions
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Acceleration Analysis

GRAFICO PBOX
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Braking Analysis
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 180 km line, different interlocking systems

 Various train mix

 Frequent perturbations due to node saturation or delayed trains 

from Milan

Case Study: Torino Node
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Figure 2:  Simple layout of Turin railway node.

The node is interested by high and mixed traffic volumes. Traffic is mixed because of 

the presence of both freight and passengers services and, as regards passengers, both com-

muters and long distance services are present.

5.1 Model calibration

An extensive traffic analysis has been performed, in order to point out critical points and 

timetable weaknesses, and to obtain initial delay functions for each single train and stop 

time variability at each station. Station track circuit data for the period between February 

and  May  2007  have  been  considered  to  obtain  about  100  weekdays  with  the  same 

timetable. Although the node has relatively high punctuality rates if compared with other 

Italian networks, an unexpected variability in all process times has been recognised, espe-

cially regarding departure imprecision and stop times. The days with particularly relevant 

perturbations have been cancelled from selection, to reduce the presence of very disperse 

delay values.

In Figure 3, a few delay distribution examples for different train families are depicted. 

In  particular  darker  blue  parts  refer  to  on  time  rates  while  lighter  colours  represent 

growing delays or early running. As a result, the darker is the bar, the more punctual are 

the  services.  On  the  other  side,  significant  light  blue  intervals  indicate  worse  delay 

distributions.  In  the  same  figure  the  yellow  rhombuses  represents  the  estimated 

punctuality (at 5’) P rates while the orange rhombuses represents F levels. P and F values 

are also indicated in columns on the right.
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Torino Node: Results
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Dense Timetable
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Compensation of stochastic phenomena

  Buffer times

  Supplements

 distributed

 concentrated

 stop time
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Arrival % with less than 3’ delay as a function of buffer times and supplements

Buffer times and running time supplements
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Delay propagation as a function of initial delay and buffer times

Initial Delay

Buffer time and initial delay
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  Very precise traffic representation

  Combination of “micro” and “macro” data

  Relationship between various parameters

  Search for a capacity - stability equilibrium 

  Various block and ATP Systems

  Fit of resulting curves to obtain rules

  Other case studies

Conclusions and outlook
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