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New detection criteria and shunting monitoring in railway track circuit receivers

Track circuits play a major role in railway signaling. In some exceptional conditions, poor rail/wheel contact conditions may lead to a non-detection of the train on the zone. A presentation of the principle of detection by track circuits is proposed to introduce the existing detection criterion. The aim of the paper is first to present new detection approaches based on signal processing on an experiment with a dedicated train running on a track equipped with a track circuit. The second objective is to present a strategy to test new detection criteria on commercial zones over a long period of time (a few months) with the help of the PEGASE acquisition board. PEGASE has been developed by IFSTTAR and the presented work is the result of SNCF/IFSTTAR collaboration.

INTRODUCTION -PROJECT CONTEXT

Actors:

IFSTTAR is the French National Institute of Science and Technology for Transport, Developments and Networks which dedicates a significant part of its research and developments to railways applications. Those national, European or international research projects and expertise cover various fields from Civil Engineering studies or Structural Monitoring combining instrumentation to structural modeling.

SNCF is the national company of the French rail network since January 1938. Its main activities are the carriage of passengers, the transport of freight, the exploitation of the rail network and the management of railway infrastructures. Every year in France, 149,500 collaborators contribute to transport 2 billion passengers on 30,000 km. Some of these employees are related to the management of engineering to continue to deploy the network and develop innovative solutions.

Project:

Shunting malfunction which is a consequence of a poor wheel/rail contact is rare. SNCF is working on taking into account this phenomenon for existing installations. New detection criteria are considered into track circuits receivers. The work presented here is the result of a collaboration between SNCF and IFSTTAR. IFSTTAR has developed the PEGASE acquisition board to help SNCF perform shunting monitoring on a commercial context for the test of these new criteria.

-Principle of detection by track circuits a) Principles : the Automatic Block Signaling

In order to prevent the collision between trains, each line of the French railway network is divided into sections, in which the presence of one train at most is allowed. The system used to control the traffic on the railway lines is called Automatic Block Signaling (ABS). Whenever a train enters a "block", the ABS detects it and conveys the information that the block is occupied to the approaching trains (Figure 1).

The train detection in a block is performed by an electrical device called track circuit. A transmission line consisting of the rails used as electrical conductors; A receiver, connected to the other end of the track circuit. It ensures the filtering, the amplification and the shaping of the signal received through the rails to power a relay. When no train is present, the emitter sends an electrical message to the receiver through the rails, as shown in Fig. 2a. When a train enters the track circuit, its wheels and axles short-circuit the rails: the electrical message is no longer transmitted to the receiver, as shown in Fig. 2b. The short circuit provoked by the axle of the train is called shunt. In case a train is present in the block or a rail is broken, the receiver detects the absence of electrical message and the light turns red.

Track circuit insulation

In order to detect trains in well-defined sections, track circuits must be insulated from one another. Depending on the type of track, the insulation can be either physical or electrical. In the case of physical separation, the rails are cut and maintained in position using screwed joint bars. The block separation is performed using insulated joints. However, these are liable to mechanical failure and maintenance and noise.

Electrical insulation

Most modern railways use Continuous Welded Rails (CWR). In this type of track, the rails are welded together to form one continuous rail that can be several kilometers long. CWRs provide smoother rides, less noise and require less maintenance. In France, a common track circuit used in this jointless configuration is the UM71, in which the emitter sends a frequency modulated signal to the receiver. To form distinct sections in this case, UM71s are electrically insulated from one another. To prevent the signal from one block passing into the adjacent block, LC filters tuned to the carrier frequency are placed at the section boundaries (blue rectangles in Fig 3). On the same track, the UM71 track circuits use two carrier frequencies FA and FB for the emitted signals (the frequencies are near 2 kHz). The principle of FSK modulation is to transmit digital information (modulating signal) through discrete frequency changes of a carrier signal (modulated signal). In the UM71, the transmitted information is binary: the frequency of the carrier wave is varied between two frequencies f1 and f2. The switching between f1 and f2 is performed by a switched oscillator, whose output is connected to a clock that changes states every 64 periods, thus creating the modulating square signal. Theoretically, the phase of the carrier wave should be continuous: this attribute is desirable because discontinuities in a signal introduce wideband frequency components. However, discontinuities are hard to avoid in practice.

Figure 4 details how an FSK modulated signal is generated. For display purposes, the signal plotted in the figure contains different frequencies than in an actual UM71. In the example depicted in Figure 4, we have:

Where fc indicates the carrier frequency and sm (t) the modulating (message) signal. If we note s1 (t) (resp. s2 (t)) the sine wave with frequency f1 (resp. f2), the FSK signal can be written as: The existing detection system, based on the signal drop when a train enters a track circuit, may prove defective in exceptional circumstances. Before activating the relay, the electrical signal is processed in the receiver.

An amplifier in the receiver is used to adjust the voltage of the track depending on the configuration of the track circuit (e.g. its length). This allows having the same order of magnitude for the voltage irrespective of the track circuit throughout the network. A band-pass filter, whose bandwidth is centered on the carrier frequency of the track circuit emitter, ensures that the spurious frequencies are filtered out. The RMS voltage is then computed and analyzed in the thresholding circuit shown in Figure 6. As depicted in Figure 6, an RMS voltage level: • Less than 160 mV causes the activation of the track relay; • Greater than 220 mV causes the deactivation of the track relay. 

-Test of new criteria in severe wheel/rail conditions a) Presentation of the experimentation

The goal of the experimentation is to artificially create the conditions of poor wheel/rail contact and try to detect a train rolling on the track equipped with a track circuit with the help of a new criterion. The chosen track is not commercial and is a test zone where trains rarely travel. The track has a high level of oxidation. In addition, leaves are intentionally crushed on a zone. The evolution of residual voltage as a function of time is plotted in Figure 8a during the pass-by of the dedicated train on the zone.

The observation of the evolution of the residual voltage shows that from 150 to 300 s, the RMS voltage increases from 50 to 380 mV, crossing the threshold of 220 mV. The train is lost here due to presence of leaves and oxidation. The idea here is to find new criteria based on signal processing that can help to detect a train on the zone.

b) Proposition of a new criterion : power in a spectral band centered on the 3 rd Order Harmonic (3OH)

The principle of this approach is to follow the evolution of the 3OH in a signal over time. The motivation is based on the observation that in the case of a poor rail/wheel contact, the voltage in parallel of the wheelset appears to be a deformed sinus signal.

Construction of the criterion

The method consists in estimating the power P of a received signal in a spectral band centered on the 3OH using a sliding window. The same processing is done with a signal of reference, which is chosen to be a segment of signal when the track is unoccupied, to get the power . Because there is noise in the signal, the mean of , is considered. The criterion is defined as follows:

Detection threshold

Finally, a threshold is computed from the reference . In order to include the noise in the signal when the track is unoccupied, 4 has been chosen for the threshold, where  is the standard deviation of Pref.

Results on a signal measured in severe shunting conditions

Figure 8b shows the evolution of the criterion C1 as a function of time. This criterion leads to a detection of the train in the oxidation zone (around ), where the existing criterion (based on a thresholding of the residual voltage) is found to be ineffective. The detection of the train in the leaves zone still remains difficult. 

-Perspectives for the test of new criteria on commercial lines with PEGASE platform

In the previous section, the test of new detection criteria has been conducted on experimental data from a specific acquisition system which cannot allow to get data on a commercial context for a very long period of time.

The strategy is to deploy a PEGASE platform [START_REF] Le Cam | Improving wireless sensor behavior by means of generic strategies[END_REF][START_REF] Le Cam | Embedded modal analysis algorithms on the smart wireless sensor platform PEGASE[END_REF] system on some commercial sites and to collect actual data for several months.

Focus on IFSTTAR "PEGASE 2 platform": Generic Wireless mother board PEGASE 2 platform is a mature product developed by IFSTTAR and sold via third-party companies. PEGASE is the commercial name of a Generic Wireless Sensor Platform conceived and designed by IFSTTAR since 2008. The PEGASE concept is essentially based on a generic vision of its hardware and software abilities. Hardware genericity is provided by a principle of mother and pluggable daughter boards. The PEGASE mother board -described below-integrates most common functions of typical wireless systems: ensure computation, manage energy, offer multiple I/Os and wireless communications. Each pluggable daughter board adds a specific function to the mother board (figure 9), such as 8-analog/digital channels (figure 10 In the context of investigation of new criteria, PEGASE 2 will be connected to the track circuit receiver to acquire:

-the voltage time signal at the receiver terminals sampled at 32 kHz -the status of the track relay A set of criteria will be computed in the platform and the results will be sent to the cloud supervision software. The database will help to propose new criteria and to update it remotely in PEGASE platforms.

Conclusions

A new detection criterion has been proposed and evaluated on a dedicated test. This test has shown that progress can be made in the detection of trains in case of poor quality of the wheel/rail contact. The PEGASE platform and the way it will be used for a test of new criteria in commercial conditions for a long period have been presented.
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 1 Figure 1: Automatic block signaling in the French railway network Track circuits play a crucial role in railway signaling because they allow permanent and automatic detection of the trains anywhere on the railway network. Their lengths vary from 800 m to 2,500 m. A track circuit consists of 3 main elements: An emitter, connected to one end of the track circuit. It supplies a current whose properties vary depending on the type of track circuit;A transmission line consisting of the rails used as electrical conductors; A receiver, connected to the other end of the track circuit. It ensures the filtering, the amplification and the shaping of the signal received through the rails to power a relay. When no train is present, the emitter sends an electrical message to the receiver through the rails, as shown in Fig.2a. When a train enters the track circuit, its wheels and axles short-circuit the rails: the electrical message is no longer transmitted to the receiver, as shown in Fig.2b. The short circuit provoked by the axle of the train is called shunt.
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 2 Figure 2: Shunting of the track circuit by the axle of the train
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 3 Figure 3: UM71 track circuits and the spatial arrangement of the different carrier frequencies
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 45 Figure 4: FSK modulated signal Figure 5 displays the spectrum of a signal measured in a UM71 in which the transmitter's carrier frequency varies around 2 000 Hz.
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 5 Figure 5: Spectrum of a signal transmitted in a UM71 track circuit c) Track circuit Receiver

Figure 7

 7 Figure 7 displays the RMS voltage of a signal across a UM71. By convention, an RMS level above 60 mV indicates a high level of residual voltage caused by a poor shunting of the track circuit. The lower (resp. upper) limit of the threshold circuit are marked by the orange (resp. yellow) dashed line. The train is: • detected if the RMS voltage drops below the yellow (red) dashed line (160 mV); • not detected if the RMS voltage crosses the purple (yellow) dashed line (220 mV).
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 6 Figure 6: Thresholding circuit and hysteresis in the UM71 receiver
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 8 Figure 8: (a) Residual voltage (in ). The red dashed line represents the threshold of the existing criterion -(b) Criterion of average power in a spectral band centered on the 3OH (in ). The detection threshold is represented by the red dashed line.
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 210 Figure 9: Generic wireless sensor platform PEGASE 2