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Low Cost Computer Aided Improvement of the Service and Operation Quality in Regional Public Transport

Wilfried Koch*
Abstract: Service and operational quality of public transport systems heavily depend on the punctuality of vehicles and passengers. In cases of delay the achievement of the best possible solution using the available resources often demands for rescheduling. As it is impossible to solve the rescheduling task manually, computer aided systems are necessary for this purpose. This paper presents a low cost solution, which is especially applicable in rural areas. A prototype installation is now under progress. The concept as a whole proofed to be very versatile as it not only can serve for rescheduling but also for fields like timetable construction or infrastructure planning.

Motivation / Goal:
Public transport needs to increase its attractivity in order to compete with individual transport. Fund​amentals of this attractivity are among others:

· High level of safety,

· Reasonable fares and 

· Reliability.

In the customer’s eyes the latter above all means a guaranteed time of travel. The work described in this paper covers reliability in terms of guaranteed traveling time.

Delays extend the time of travel not only of the train primarily affected, but also of connecting trains and - that is extremely important in our case - on single track lines they even affect trains running in the opposite direction than the originally delayed train. Delays involve that traffic does not operate corresponding to the published timetable but corresponding to a corrected one which today in most cases exists in the dispatcher’s brain only.

Even for systems and track layouts that at the first glance seem simple, relocating the points of crossing and forecasting the best corrected timetable is similar to playing chess. That means that even in these “simple” systems one should use a computer to do the job. In more complicated situations any non-computer-aided action will be far away from the optimum solution. Only the use of a computer can guarantee the necessary quality, reproducibility and speed of the timetable correction. This is a true but often overseen or hardly accepted fact!

Due to the author’s experience as a long distance commuter nearly all sort of public transport systems have the heavy demand of rescheduling aids. His personal situation made him focus on a low cost solution primarily for regional rail transport.

Regional public transport with its restricted infrastructure resources (often single track lines) has a heavy need for rescheduling tools and will profit from them to a great extent, because such innovations are extremely necessary if regional public transport is intended to become a real alternative to individual traffic.

In most cases regional public transport is not the place of big investments, so a strict concentration on a low-cost solution could hopefully ease the intro​duction into practice.

Solution:

Works on this subject started in 1992. In three steps we developed the prototype of a rescheduling system for regional public transport, which is now available. It bases on the following ideas:

· Realistic, cost conscious solution on an ordinary PC with Windows operating system. 

· Designed for a limited area of traffic.

· Complete system consisting of

· Time-table editor,

· System for dispatcher’s dialog,

· Inference machine and

· Result presentation.

The system was designed to solve all types of conflicts:

Occupational conflicts: two trains compete for the same piece of track, running either in the same or in the opposite direction.

Transfer conflicts: transfers for passenger traffic or rolling stock turn around are endangered.

Timetable conflicts: train is simply delayed without causing the above mentioned conflict types.

Data Model / Algorithm:

The data model was developed pragmatically to serve the need of regional and branch railways. It allows to model practically all-relevant topological situations and all timetable data we need on regional railways. So we e.g. can define the track topology or important signaling conditions as well as actual and minimum running times. If needed the minimum running time might be calculated dynamically. Keeping the data in a database guarantees for a maximum of consistency and integrity of the data.

Starting from a local optimization strategy we later implemented a globally optimizing algorithm. It is based on an A*-algorithm but uses sophistic ad heuristics in the estimation process to reduce computational time. The algorithm tries to find the best conflict free corrected timetable. It not only optimizes inside of one line but also when delayed connected trains transfer a distortion from one line to another.

The best-corrected timetable is the one producing a minimum of cost for the whole of the observed system. In the moment there are no standards for quality measurement. So we defined a cost function, which seemed easy to be implemented on the one hand and being plausible and acceptable on the other. In some analogy to cost functions in control theory we chose a weighted sum of delays at all stations.  Lost connections are expressed in terms of time and added to the sum mentioned before.

The object-oriented architecture of the total program system (see 0.Programming Technique:) makes it easy to implement improved or new cost functions so that new needs or ideas can be respected immediately.

Programming Technique:

The first versions of our Rescheduling Aid were hybrid software systems, using Delphi, the Interbase SQL Server and PDC Prolog. These implementation tools exactly reflected the main components of the system: Dialog and presentation, database and inference mechanism. Technically this was an ideal solution. But due to problems with human resources we gave up to implement in Prolog and started to use Delphi for the inference engine too.

The whole system has a clearly object-oriented architecture and was designed with strict separation between data keeping, processing and presentation. Due to these design principles adaptation to different needs as e. g.

· Using national standards and re​commen​dations for time-table presen​tation, 

· Adding import filters for track, time-table or rolling stock data,

· Implementing of dedicated cost functions or 

· Changing the inference mechanism generally will have local effects only.

Remarkable features of the system are:

· It does not implement a node, train, ore line orien​​ted but a totally network oriented optimi​zation of the total situation.

· Train importance’s (train classes), importance of connections, lines and stations are respected. 

· The importance of a connection may be derived from the classes of trains and the number of passengers evolved.

Unconditional transfer of personnel or rolling stock may be respected.

Optimization is also possible if there is more than one primary delay in the system.

Primary Operational Test:

A first practical test of the system parallel to train operations was done at the Dürener Kreisbahn (DKB, Düren County Railway) between Köln and Aachen in Germany. Here the local dispatcher of the DKB has to coordinate the traffic on two single-track lines, one about 30 and one about 15 km long. Both lines connect at Düren station to the  Köln – Aachen main line of DB.  Rail connections are to ensure at Düren  whereas bus connections are to be kept along the whole line.
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During one morning rush hour in case of delays endangered connections could be identified (which connection?) and quantified (how much delayed?) far in advance. So the necessary actions, suggested by the disposition aid, could be taken very early and very exactly. This means: connections were kept which would have been lost without the use of the rescheduling system. Fig. 1 shows a rescheduling example from the DKB network.

Pilot Implementation in Progress

Since this year (2001) the German Federal Ministry of Education and Research and the Ministry of Environment and Traffic of Baden-Württemberg jointly fund a pilot implementation of the system for the network of the Hohenzollerische Landesbahn AG and the surrounding DB lines in the South West of Germany. The project covers a line length of about 195 km. 4 nodes of the integrated timetable (Tübingen, Hechingen, Sigmaringen and Tuttlingen) are contained in these lines. The project area covers about 30 passing loops. 4 of the stations touched (Tübingen, Hechingen, Sigmaringen and Tuttlingen are nodes in the integrated fixed interval time table of the FederalState of Baden-Württemberg (3-Löwen-Takt/ 3-Lions-Tact)
In the moment work is done in the functional improvement of the program system as well as in calibration of the underlying cost functions.

Applying global cost functions instead of local rules is a quite new approach for rescheduling.

From this approach we expect a good optimization for the total operation situation in the network and – concerning the quality parameter of punctuality - the best possible customer satisfaction. Cost oriented rescheduling also excellently fits with the quality demands set by the companies which order the traffic (in Germany for example BEG or NVBW).
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Fig. 2: Area of the pilot implementation. Border stations for the pilot version are Mengen, Tuttlingen, Hechingen, Kleinengstingen and Tübingen.

Integration into the Railway Environment:

In the moment the rescheduling system exists as a stand-alone computer program being operated by one man at one place and the information transfer between the computer and the traffic system is handled manually. But all sorts of higher integration are possible:

Off-line client/server system with centralized database and local input of delays at the different manned stations.

On-line-open-loop-automation where the delays are entered automatically by axle counters or train number indicators, but the rescheduling results is manually transferred to platform indicators, signal box and trains.

On-line-closed-loop-automation where the delays are entered automatically by axle counters or train number indicators and the rescheduling results are transferred to platform indicators, signal box and trains without human interference.

Due to the object-oriented design it also should be easily possible to integrate components of the Rescheduling Aid into transport information and telematic systems of other suppliers.

More Fields of Use:

In fact the system originally was intended to improve operations of regional rail bound traffic. But meanwhile it showed up that the basic solution is very versatile and can be adapted for use in different circumstances e. g.:

· As an operational aid not only for railways but also for tramways and buses.

· As an aid to investigate, which infrastructure is necessary to run a stable traffic even in case of delays.

· As an aid to investigate the stability of proposed timetables.

· As the framework for the development of a tool for automatic timetable construction.

Operational Aid for Tramways and Buses

Some tests proved that the system might be extended for bus and tram services. The most important use-case will probably be the integration of train and bus services into one rescheduling system thus improving the quality of rail-to-road connections in rural areas.

Investigating Infrastructure Needs Rail network operators must cut their costs. One way they do this, is to eliminate track and signaling infrastructure. The eliminated infrastructure in most cases is not used for regular traffic, but in case of delays only. The question is: how does this reduction of infrastructure additionally and significantly affect the delayed traffic?
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Between Murnau and Mittenwald on the DB line München – Murnau – Mittenwald – (Innsbruck) DB Netz intends to remove several crossing possibilities and a double track section. In this case the rescheduling system was used to determine how the lack of infrastructure would effect in cases of delay. Would fewer infrastructures result in significantly more delays or not? This investigation, which was finished in September 1999 was made for the BEG (Bayerische Eisenbahngesellschaft / Bavarian Railway Company), that is the 

Company, which organizes and orders the local rail traffic in Bavaria. As the results of this first investigation were another investigation was made for DB Region, which was finished in November 1999.Some rescheduling examples similar to the ones calculated in these investigations are shown in figures 3 to 5.
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Investigating Time-Table Designs

A similar question is: how good is my timetable in case of delays? Here the same tool can be used. One just simulates the delays without having real traffic. 

Test for this field of applications have started with testing a novel fixed interval timetable design for northeast Poland.

Automatic timetable construction
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Requirements for timetables often contain conflicting con​ditions. The developed system could form a frame​work for a “machine” that constructs an opti​mum timetable by solving the conflicts in the require​ments corresponding to a given cost function.

Conclusion

We created a useful low-cost computer aided solution for rescheduling and safeguarding of transfer connections in rual area public transport systems. Beyond that the program system which originally was designed as a Low Cost Rescheduling Aid for Regional Public Transport Systems proved to be a versatile tool for supporting operational and planning decisions in transport systems. It owns a great potential of rationalization and quality improvement. For regional transport operators and transport authorities it is an ideal tool for planning, control and quality assurance.
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Fig 1: Rescheduling on the DKB network. 3110 has 8 min delay. The following solution is suggested: 224 waits over limits given by the written  rules causing an delayed crossing  in Lendersdorf. This also delays 219 causing an additional  delay but not  affecting transfers in Düren.
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Fig. 3. Rescheduling result for the München-Pasing – Mittenwald line. Present track infrastructure combined with improved signalling. Schedule similar to summer 1999 timetable. 5406 leaves Garmisch-Partenkirchen 15 min behind schedule. Crossings removed from Murnau to Ohlstadt (5406 x 5407) and from Huglfing to Polling (816 x 5409). No further delay added for 5406. Other trains affected: 5409 max + 8 min, 118 max. +3 min. Forecast of traffic situation about 1: 30h in advance.
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Fig. 4. Rescheduling result for the München-Pasing – Mittenwald line. Reduced track infrastructure. Schedule similar to summer 1999 timetable. 5406 leaves Garmisch-Partenkirchen 15 min behind schedule. Crossings removed from Oberau  to Eschenlohe (816 x 5407) and from Tutzing to Wilzhofen (5406 x 5409). Passing loop in Ohlstadt ( see Fig. 3.) is significantly misssing. Further delay added for 5406. Other trains affected: 5407 max + 13.
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Fig. 5. Rescheduling result for the München-Pasing – Mittenwald line. Present infrastructure combined with improved signalling. Former crossing station Diemendorf reinstalled. Schedule similar to summer 1999 timetable. 5406 leaves Garmisch-Partenkirchen 15 min behind schedule. Crossings removed from Murnau to Ohlstadt (5406 x 5407) and from Tutzing to Diemendorf. No further delay added for 5406. Other trains affected: 5409 max + 2min. Forecast of traffic situation about 1h in advance.
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