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SUMMARY 

This paper discusses Assurance Technology and the application in railway signalling systems. It is known as a 
technology for the replacement of a system without stopping the system under various situations.  

East Japan Railway Company adopted assurance technology on introducing D-ATC (Digital Automatic Train 
Control system) to the train control system operating in the most crowded lines of the Tokyo metropolitan area. It 
was not only able to contribute to shortening the construction period and to improving the reliability of the D-ATC, 
but was also effective in the enhancement of functionality of railway signalling which directly relates to railway 
business. 

1 INTRODUCTION 

In recent years, systems require not only high safety and reliability, but also a more immediate response to 
changes of the demands of society and the users. Assurance technology is known as a technology for 
maintenance, upgrading, testing, and replacement of a system without stopping the system under various 
situations. Assurance technology is the generic name of the system technology which has both the heterogeneity 
to permit the coexistence of systems with different needs and the adaptability that can cope with changes in the 
situation of the systems, including flexible and sequential expansion of the introduction area. 

In railway signalling systems, high levels of safety and reliability are required. At the same time, it is ever more 
necessary to continue stable operation while coping with various user needs, such as direct-through train 
operation over multiple lines, new station establishment and the change of the train stop pattern of stations.  
Assurance technology enables us to cope with these requirements, and it should be regarded as a concept as 
important as RAMS to railway signalling. 

D-ATC (Digital Automatic Train Control system), which is operating in the Yamanote Line and the Keihin-Tohoku 
Line i.e. the busiest lines in the Tokyo metropolitan area with 6.5 million passengers a day, was introduced as a 
train control system of the autonomous decentralized system to replace the existing analogue ATC system for 
the first time in Japan. For reducing congestion during peak periods, reduction of the train headway from 2 
minutes 30 seconds to 2 minutes 20 seconds was required. 

 

Figure.1: Railway Lines of Tokyo Metropolitan Area and Congestion Rate 
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The installation involved changes of arrangement of blocking section, the data change of existing interlocking 
systems and replacement from old to new of the ATC system for the whole line. However, there were many field 
tests to be carried out before commissioning, and it was impossible to finish the tests during only the short night 
interval time between train operations. Therefore the coexistence technique based on the assurance technology 
was utilized and coexistence of the existing ATC system was enabled in the D-ATC.  

This paper describes the outline of the assurance technology and its application to railway signalling systems. 
Concretely, the coexistence technique based on assurance technology adopted in the D-ATC for system 
integration testing is discussed.  It also clarifies that assurance technology is applicable to a wide variety of 
railway signalling systems and, directly related to railway business, it is effective in the enhancement of 
functionality of railway signalling. 

2 THE D-ATC AND NECESSITY OF COEXISTENCE  

2.1 Main Feature of the D-ATC 

D-ATC is an on-board-centred train protection system on the basis of information transmitted through track 
circuits.  As shown in Figure 2, the D-ATC wayside equipment sends the MSK modulated 64-bit information on 
the block section within which the train has to stop, and the on-board equipment generates continuous service 
braking curves on the basis of the information from the ground as well as an on-board database of track circuits 
and line profiles. Train positions are located by on-board odometers. 
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Figure 2: Main Feature of the D-ATC 

These functionalities, referring to D-ATC equipment, are summarised as follows: 

(1) To detect trains 

The ATC logic controller transmits train detection signals to all the track circuits and detects trains by received 
signals. 

(2) To determine stopping points 

The ATC logic controller determines the following trains’ stopping points on the basis of the preceding trains’ 
detection. 

(3)To compile and transmit ATC messages 

The ATC logic controller compiles ATC messages for the stopping points and transmits them to track circuits. 



 

Assurance Technology and its Application to Railway Signalling Systems for Smoother Migration Page 3 of 10 

(4) To locate each train 

Each train’s on-board equipment locates its train’s exact position by counting the pulses of the tachometer. 

(5) To generate braking curves  

The on-board equipment has a database (DB) of line profiles including route types and permissive maximum 
speeds, and it generates continuous service braking curves on the basis of the DB and the stopping point 
decided by the preceding trains, as well as the location of the train concerned. 

(6) To apply brakes 

The on-board equipment compares the actual train speed and the speed defined by the generated braking curve.  
If the train speed exceeds the braking curve, it applies the brakes. 

Similar to the other ATC systems, D-ATC have interfaces with track circuits which detect trains and transmit ATC 
messages, and interlocking systems which control routes and point machines in the stations. 

2.2 Necessity of Coexistence for D-ATC Installation 

On-board processing equipment with intelligence enables D-ATC to reduce headways as well as to have great 
advantages of train operations, compared with the existing ATC which adopts step-wise speed control shown in 
Figure 3.   

In installing D-ATC, however, arrangements of block sections needed to be changed for reduction of headways 
as well as data change of existing interlocking systems and replacement from old to new of the ATC system for 
the whole line, and the coexistence of new and old systems was required.  To cope with the complexity of the 
coexistence of D-ATC and the existing ATC, a new approach was necessary.  Furthermore, the coexistence was 
also necessary to testing systems. 

After D-ATC is manufactured by the supplier, function tests were carried out in the factory, being connected to 
simulators or actual systems of interlocking systems and track circuits.  Then online-field tests were conducted, 
with D-ATC connected to wayside equipment such as interlocking systems and track circuits, for the purpose of 
confirming that the D-ATC systems operated properly and stably in actual environments which it was not possible 
to simulate/realise in the factory.  The online-field tests by conventional methods were, however, limited to only 
the short night interval time between commercial train operations, and it was necessary to extend the 
coexistence technique to be able to conduct the online-field tests even during commercial train operations. 
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Figure.3: Coexistence of Old and New ATCs 

3 COEXISTENCE TECHNIQUE OF ASSURANCE TECHNOLOGY 

Coexistence technique in assurance technology enables systems with different needs to exist together, i.e. 
heterogeneity.   

Each system has a wide variety of needs, including safety and reliability, and in fulfilling the coexistence of 
systems with different needs, it is necessary to meet each system’s requirements.  In general, systems consist of 
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systems themselves and data fields, and in order to connect systems into networks, the coexistence of systems 
and that of data fields have to be considered. 

The coexistence of the systems is realised by exchanging data among different systems which have independent 
data fields.  On the other hand, the coexistence of the data fields is realised by sharing the physically-common 
but logically-independent data fields.  Figures 4 and 5 show these coexistence principles.  

 

Figure 4: Coexistence of the Systems           Figure 5: Coexistence of the Data Fields 

4 THE APPLICATION OF THE COEXISTENCE TECHNIQUE IN THE D-ATC 

By applying the coexistence technique to the D-ATC as in Figures 4 and 5 above, the technique of Coexistence 
of the data fields can be applied to track circuits, and the technique of Coexistence of the systems can be applied 
to the interlocking systems. The specific methods are described below. 

4.1 Coexistence of the Data Fields in the Track Circuits 

For the coexistence of data of old and new systems in the track circuits, it is necessary to select a frequency 
which can be isolated and then superposition/separation can be achieved without being affected by existing 
electrical signals. 

4.1.1 Frequency selection 

(1) Issues in Coexistence 

The D-ATC uses the non-insulated track circuit (MSK signal: six frequencies + one spare frequency) for train 
detection. For communication from the wayside equipments to the on-board equipments, we use digital ATC 
signal (MSK signal: two waves for inbound and outbound lines) separated from the train detection signals. 

There are many electrical signals on rails, for example, the track circuit signal of the existing ATC 
(2850~3750Hz), the electronic train detector signal for level crossings (8.5 ~ 10.5 kHz), the ripple noise 

contained in the return current (rectifier output of substation), and VVVF inverter noise (5～10kHz). Since 

various frequencies are combined, the frequency band available for the D-ATC is severely limited. 

 

(2) Solution to the issues 

Fig.10 is an example of the return current noise of the VVVF inverter vehicle There is harmonic noise occurs 
beyond approximately 5 ~ 10 kHz. The peak has a 200mA noise. We chose the two frequencies (11.9 kHz and 
13.1 kHz) of digital ATC signal (about 50mA). Here can be secured the required S/N ratio (13dB) from the noise 
(about 10mA). 
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Figure 6: VVVF Inverter Noise of Vehicle 

Then the D-ATC train detection signals were selected. The required bandwidth is filled with harmonics, inter-
modulation generated from the existing equipments. So we could not secure those signals in the bandwidth 
required for the D-ATC train detection signals. Therefore, based on the results of the simulation and physical 
testing, the D-ATC train detection signal of six waves + one spare wave as shown in Figure 7 was decided on. 
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Figure 7: The D-ATC Train Detection Signals and Noise 

4.1.2 Superposition/separation 

 (1)Issues in Coexistence 

As described above, it has been possible to determine the frequencies to be used for the D-ATC. When these 
frequencies are actually superimposed on rails, many new issues occur. If the D-ATC and the existing ATC 
coexist on the track circuit, another wraparound opponent frequency was utilized. 
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Figure 8: Superposition/Separation of Old and New System 

 (2)Solution to the issues 

Simply installing resonance devices cannot completely exclude that the D-ATC and existing equipment might 
influence each other. However, by applying the method as shown in Table 1, we found coexistence was possible. 

Table 1: Issues and Solutions of Superposition/Separation 

Effect Issues Solutions 

1 Of existing ATC on 
D-ATC 

Level drop of the new track 
circuit 

For preventing the level drop, switching the 
resonance frequencies elating to each frequency of 
the track circuits 

The level rise caused by 
parallel resonance with the 
existing impedance bonds 

Replacement of the impedance bond without the 
resonance point 

2 Of D-ATC  on 
existing ATC 

Level drop of the old track 
circuits 

For preventing the level drop, switching the 
resonance frequency relating to each frequency of 
the track circuits 

3 Of Electric train 
detectors for level 
crossings on D-ATC 

Level drop of new track 
circuits 

Adoption of narrow-band input filter for the electric 
train detector for level crossings 

4 Of D-ATC on 
Electric train 
detectors for level 
crossings 

Level drop of the electric 
train detectors for level 
crossings 

Maintaining a distance between the new track 
circuits and the electric train detectors 

*Number of each item corresponds to the numbers in Figure.8 

4.2 Coexistence of the systems in the interlocking system 

(1) Issues of the coexistence 

The main object of the D-ATC introduction is a reducing of headway, when the train departs from stations, and to 
know the train rear end position more precisely, so that the following train can enter the station smoothly it is 
necessary to subdivide the arrangement of existing blocking sections. 

As in Figure 9, we were trying to exchange the data between the existing interlocking system and the new 
interlocking system for coexistence. Then, since the arrangement of blocking sections as basic data for the 
existing interlocking system is different between the existing ATC and D-ATC, it is not possible to simply coexist 
because the systems would recognize the same train exists in different positions.  
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Figure 9: Issues of Coexist Old and New Interlocking Systems 

The arrangement of blocking sections is different in the old and new interlocking systems, so the issue, in order 
to connect them to coexist, is the elimination of any data mismatch. 

(2) Solution to the issues 

The interlocking system has indication information for the interlocking system from wayside equipment, and has 
control information for wayside equipment from the interlocking system. The function is realized by these 
combined in an operation flow as shown in Table 2. 

Table 2: Operation Flow of the Interlocking System 

Status of the interlocking system Indication/Control Explanation 

1  Monitoring of track 
circuits/routes  

Indication To check other routes are locking the route which 
is intended to set, and train does not exist in the 
route 

2 Route setting / point switching Control To set the route and to switch the points to the 
prescribed directions 

3  Completion of switching Indication To check points are switched in the right directions 
and to check contact of stock rails and tongue rails 

4  Route locking Control To interlock related routes and points as well as 
shutting power supply to motors and locking them 
in the prescribed direction 

5  Completion of the locking Indication To check the route and points concerned are 
locked appropriately   

6  Providing signal aspect Control Depending on the conditions in the routes, to 
provide signal aspects 

For indication information (1,3, & 5 in Table 2), it is necessary to achieve coexistence of old and new systems by 
superimposing different arrangements of blocking sections on the rails.  For the control information (2,4, & 6 in 
Table 2), because the timing of route control and signal aspect is different in the old and new systems, the data 
itself cannot be shared in this state. 

Therefore, we decided to carry out the conversion of data and the timing adjustment of route setting between the 
existing ATC and the D-ATC by providing a combiner.  This has enabled the coexistence of old and new 
interlocking systems. 
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Figure 10: Coexistence in the Interlocking System (Coexistence of the System)  

5 EVALUATION OF COEXISTENCE TECHNIQUE APPLICATION 

In assurance technology, by achieving coexistence of the systems at the same time as coexistence of the data 
fields, it has become possible to run the old and the new systems at the same time. This achievement made 
possible the following effects: 

With the coexistence of old and new systems, in day-to-day different train movements in the train operation time 
zone, it has become possible to confirm that each system is functioning properly. Since data is available for 
hundreds of trains per day, it is possible to obtain far more data compared with the case of only running tests 
during the time trains are not operating. It becomes possible to acquire data from various operation patterns. 
Analysing this quantity of field data contributes to safe and stable transportation after the operation started. 
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Figure 11: Improvement of Expansion and Efficiency of Field Test 
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・Error of train stop position 

・Interference with the brake curve 

Compared with the case of only running tests during the time trains are not operating, the coexistence of old and 
new systems can reduce the time of the pre / post work, which has enabled an improvement of about 30% of the 
test efficiency. This made possible the reduction of the total two-and-a-half years running tests to two years in the 
introduction of D-ATC. 

These online tests reveal a number of defects before the start of use, so it was possible to prevent trouble in 
advance. The D-ATC is now introduced into a total of 116km of the Yamanote and Keihin-Tohoku lines, and has 
maintained an availability of 99.999% until now. 

In the coexistence of the D-ATC and the existing ATC, in the coexistence between systems with different needs, 
due to differences in electrical characteristics or data structure differences, there are many difficult cases of 
physically coexistence. Therefore, a technique for eliminating the effect (eliminator) or absorbing the differences 
(combiner) between the old and new systems, as described above, is essential. This is expected to apply to 
other technical fields. 
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Figure 12: Realization of Coexistence Technique in the D-ATC 

6 CONCLUSIONS 

The D-ATC uses a track circuit as a data transmission path. Therefore, it is necessary to consider the electrical 
effect of harmonics, noise contained in the return current, the characteristics of existing equipment, as well as 
other possible conflicts. 

To achieve coexistence of the two systems in a state in which the old system is still operation, there are many 
technical difficulties. However, various types of data are obtained by coexistence, and at the same time there is a 
significant contribution to improving the reliability of the system after the new system enters operation, shortening 
the effect of the introduction process can be expected. Recent systems are complex connection networks, and it 
is difficult to evaluate the integrity of the system as a whole. This study establishes that coexistence technique 
enables very effective verification of the new system. 
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