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Résumé

Dans un contexte de saturation des réseaux de transport ferroviaires urbains, la mesure des gains de qualité de service procurés par la mise en oeuvre de pilotage automatique (ATO) ou de régulation automatique (ATS) présente un grand intérêt. Notre outil, utilisant sur une méthodologie innovante basé sur une approche stochastique permet de réaliser cette évaluation. Cette méthodologie a été appliqué sur une ligne existante de trains de banlieue avec la comparaison de 5 scénarios. L'objectif principale de l'étude est de distinguer les bénéfices d'un ATS par rapport à un ATO seul. L'étude montre que les gains apportés par la régulation automatique sont du même ordre que ceux permis par une modernisation du système de signalisation.

Summary

In a context where commuter rail systems are more and more saturated, there is a strong interest in metering benefits for the quality of service provided by the introduction of Automatic Train Operation (ATO) or Automatic Train Supervision (ATS) systems on an existing saturated commuter line. Our original methodology and tool can perform this evaluation, based on a stochastic approach. This methodology was applied on an existing commuter with the stochastic analysis of 5 scenarios. The overall objective of the study is to discriminate the benefits of an ATS from that of an ATO alone. The study shows that the benefits brought by an ATS are comparable with the benefits brought by an upgrade of the signaling system.

Introduction

In a context where commuter rail systems are more and more saturated, there is a strong interest in metering benefits for quality of service provided by the introduction of automatic systems on existing commuter lines. These automatic systems Automatic Train Operation (ATO) is a function responsible for the automatic control of the traction and braking effort in order to control train speed, starting and stopping. Automatic Train Supervision (ATS) is a system, commonly integrated within CBTC solutions, that manages automatically train traffic according to regulation criteria. Existing simulation software can simulate individual train operation or dynamic local interactions between trains, but it is very unusual to have a tool for measuring impacts on quality of service on a rail network of an ATO or ATS system, and to discriminate the benefits of an ATS from that of an ATO alone. Our innovative methodology and tool can perform this evaluation, based on a stochastic approach.

Context

The methodology was applied on a case study which is an existing commuter rail network. The analysis is focused on the central core of this network, with 2 lines sharing a common tunnel with a very high density of train circulations as shown on Figure 1. Line 1 and Line 2 share a common tunnel between station 11 and 12. The convergence between the two lines at these stations is often a source of delay because of the conflicts for accessing the tunnel..

Figure 1. Network geometry, headways and simulation area of the case study

The system is based on a fixed block signalling with manual operation of trains and the line is currently almost saturated. There are ongoing projects to upgrade the system with an ATO over the existing block signalling or with an ATO as part of a new Communication Based Train Control (CBTC) system. Some automatic regulation functions might also be introduced on the existing system as well as the introduction of an ATS as part of the new CBTC system.

The overall objective of the study is to discriminate the benefits of an ATS from that of an ATO alone. This study is performed with the stochastic analysis of 5 scenarios: These scenarios are presented in Table 1. 

Methodology

The model simulates the arrival of the trains at each station; and gives as an output a timetable for all stations. These principles are detailed below and presented on Figure 2. 

Train to train perturbation

The simulation includes train to train perturbations. Based on previously computed minimal headways, interactions between trains are simulated at each station and convergence.

Driver's behaviour model

The simulation also includes a driver's behaviour model. For non-ATO scenarios, randomness is included in run time from station to station, based on a Gaussian distribution.

Regulation features

Finally, the simulation includes a complex regulation model. Inputs for the regulation function are the theoretical timetable and train delays at a given time. From these inputs, the regulation function acts on dwell time and interstation runtime. More precisely, it can perform an enhanced dwell time regulation, including train hold in station, and it can adjust run time from station to station by ordering acceleration of the trains. The precise definition of the regulation function is specific for each scenario simulated.

For the scenario 2 and 4, a timetable regulation strategy is implemented to model the ATS. This strategy acts on run times and dwell times: run times include a recovery regulation margin and dwell times can be reduced if train is delayed and passengers alighting and boarding is terminated. Moreover, for the scenario 4, an headway regulation strategy is also implemented. Trains preceding and following a delayed train slowdown in order to keep a practical headway close to the theoretical headway. Figure 3 illustrates this timetable and headway regulation: train 10 has an initial delay in station 8. The regulation strategy then imposes to all the trains preceding and following train 10 a delay linearly distributed in order to keep a practical headway close to the theoretical headway. Then, delay is reduced for all trains as they run on the line. 

Results

Situation 0 -Existing situation

Scenario 0 is the simulation of the existing situation. Figure 5 shows the simulations results compared with the delay data for peak hour trains in representative operation conditions, gathered for 5 days on the existing line (~500 courses). We observe a good fitting between the two. 

Conclusion

The methodology and tool proposed here can meter benefits of the introduction of ATO and ATS systems on urban rail systems. On the case study, the simulations have shown that a significant benefit can be obtained with an ATS, as well over a classic block signalling system as over a CBTC system. The ATS over an ATO improves the regularity from 66% of the trains having less than 2 minutes of delay (scenario 1) to 95% (scenario 2). This improvement is better that the performance improvement brought by the upgrade of the signalling system without implementing an ATS. This methodology can be applied on all urban rail networks where reliable statistic indicators of quality of service exist. This quantification of benefits on quality of service brings elements to decision-makers, helping them in their investment choices.
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 2 Figure 2. Simulation principles
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 34 Figure 3. Timetable and headway regulation strategy for the scenario 4

Figure 5 .

 5 Figure 5. Comparison between simulation results for scenario 0 and data gathered on the existing line
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 67 Figure 6. Typical grid for scenario 0 -existing situation-

Figure 8 .

 8 Figure 8. Typical grid scenario 4 -CBTC + ATS

Table 1 .

 1 Scenarios for the case study

	Station 1	Station 2	Station 3	Station 4	Station 5	Station 6	Station 7	Station 8	Station 9	Station 10	Station 11	Station 12	Station 13	Station 14	Station 15	Station 16	Station 17	Station 18
		20 trains / hour											20 trains / hour
	Line 1	Headway : 3 min.			Line 2	Common tunnel :				Headway : 3 min.
										32 trains / hour						
	Simulation area														
		Way 1															
		Way 2															
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  Table 2 presents quantitative results comparison between the scenarios.

Table 2 .

 2 Results

				Scen. 2		Scen. 4
		Scen. 0	Scen. 1	ATO +	Scen. 3	CBTC +
		Base	ATO	ATS	CBTC	ATS
	Average delay Station 1 (Way 2)	04min 15s	01min 38s	31s	45s	6s
	Trains with					
	delay< 2min	21.54% 66.39% 94.89% 90.13% 99.75%
	Station 1 (Way 2)					
	Average delay Station 18 (Way 1)	03min1 6s	01min0 7s	15s	29s	12s
	Trains with					
	delay< 2min	26.31% 79.50% 97.63% 95.02% 99.02%
	Station 18 (Way 1)					
	Average number					
	of Trains per hour in common tunnel	29.9	30.6	31.1	31.3	31.9
	Way 1					
	Average number					
	of Trains per hour in common tunnel	29.4	30.4	30.8	31.1	31.9
	Way 2					
	Average runtime					
	Station 13 > Statio	06:59 05:54 05:25 04:42 04:17
	n 12					
	Average Dwell					
	Time at station 12	01:39 01:38 01:36 01:39 01:01
	(Way 2)					
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