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SUMMARY 
RAMS (Reliability, Availability, Maintainability, Safety) is one of the most basic standards defined in IEC62278 or 
EN50126. In this standard, safety and reliability are well discussed as they are main factors which fundamentally 
influence railway systems. On the other hand, although availability and maintainability are also important factors, 
discussions about these, in particular from the viewpoints of railway undertakings and infrastructure managers as 
well as railway customers, i.e. passengers, appear insufficient. We have clarified a relationship between the 
availability and maintenance of railway interlocking systems. A new index is examined to explain railway 
passengers’ convenience and maintenance staff’s convenience that are closely related to the availability and the 
maintainability. Estimates based on 46 actual examples of disturbance in East Japan Railway Company show 
that passengers’ inconvenience caused by degraded train operation is less than that of suspension of train 
operation. Furthermore we have also discussed the maintainability. Since it is difficult to estimate the 
maintainability quantitatively, we have set several assumptions in accordance with the actual operation 
procedures. Combining these two factors provides us with a technique to optimize a recovery method from a 
signal system malfunction. Moreover we propose to employ our study to estimate the lifecycle cost of a future 
signalling system. 

1 INTRODUCTION 

RAMS (Reliability, Availability, Maintainability, Safety) is one of most important features for railway signalling 
systems, and a process for managing and specifying requirements for RAMS, including demonstration of their 
achievement, is defined in IEC 62278[1] or EN 50126. Figure 1 illustrates the relationships among the 4 elements 
of the standard and shows that two elements, safety and availability, have significant roles. As for train operation, 
safety means safe transportation and availability means usefulness of the transportation. 

Safety is defined in detail in the RAMS standard. The standard requires discussion of several factors, for 
example a preliminary hazard analysis, a systematic hazard analysis and a safety plan. Moreover, the Safety 
Integrity Level (SIL), to which we have to pay attention at system development and deployment phase, as an 
indicator of the safety of a system is discussed. 

Reliability is also well discussed. It is defined as the ability of a system or component to function under stated 
conditions for a specified period of time. Theoretically reliability is defined as the probability of success. Usually a 
railway signaling system consists of many subsystems and components, so the reliability of every subsystem or 
component is expected to be close to 100%. In addition dual systems or duplex systems are employed in order 
to obtain high reliability for complex systems. 

In reliability engineering, Availability is theoretically defined as follows,  

MTTRMTBF

MTBF
tyAvailabili


  (1) 

 
where MTBF stands for Mean Time Between Failure, representing the predicted elapsed time between inherent 
failures of a system during operation. MTTR stands for Mean Time To Repair, representing the average time 
required to repair a failed component or device.  
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Unfortunately, availability defined in Formula (1) does not match the feelings of train users, because it does not 
reflect their demands. In other words, to satisfy demand for better quality of service is a large problem for train 
operators. If we wish to take into account the quality of service, there are only a few research papers concerning 
the quality of train operations [2][3][4]. 

In addition, discussions about availability and maintainability appear insufficient also from the particular 
viewpoints of railway undertakings and infrastructure managers. These two factors directly relate to train 
operations, and are regarded by passengers as the quality of service, and maintainability/reliability data 
experienced and accumulated by railway undertakings and infrastructure managers should be utilized to improve 
availability, i.e., the quality of service to passengers. 

Currently, at the stage of a new signalling system development, railway undertakings and system suppliers 
examine these 4 elements according to the RAMS standard. On the other hand, at the stage of daily operation, 
the 4 elements are difficult to estimate. This paper discusses matters from the viewpoint of a railway undertaking 
which is responsible for daily train operation. Firstly we describe passengers inconvenience and secondly the 
relationship between availability and maintainability, then conclude with a discussion using practical data. 

 

 

 

 

 

 

 

 

 

 

2 AVAILABILITY AND MAINTAINABILITY CONCERNING TRAIN OPERATION 

2.1 Passengers Inconvenience Caused by a Signalling System Malfunction  

Railway undertakings cannot always keep stable transportation: unfortunately, they sometimes encounter 
operation troubles that are provoked by various causes. In this paper we have investigated malfunctions of 
signalling systems. East Japan Railway Company (JR East) records many patterns of recovery time after 
malfunction of signalling systems. We have particularly focused on interlocking systems because their failure 
severely influences the passengers’ experience. Figure 2 shows recovery time after interlocking systems failures 
on JR East over 4 years. This figure tells us that in many cases malfunctions of interlocking systems need more 
than 30 minutes to recover, moreover approx. 26% cases need more than 120 minutes, which is an extremely 
annoying time for the passengers.  

Usually, suspension of train operation is the best way to repair a malfunction of an interlocking system. 
Nevertheless, the passengers face great inconvenience at the suspension because they have to interrupt their 
journey. If degraded train operation is achieved in these cases, the passengers can continue their journey, at 
least to some extent. Thus partial train operation is useful in case of malfunction of signal systems and therefore 
we have to consider methods to achieve it. In addition, reducing the suspension time also improves the 
experience of the passengers insofar as it reduces the inconvenience. Therefore we also have to pay attention to 
minimizing the suspension time as much as possible.  This paper describes the passengers’ inconvenience using 
the number of passengers who can achieve their intended journey during interlocking system malfunctions. The 
passengers’ inconvenience is inversely related to the quality of service to passengers, which describes the 
service availability.  

Figure 1: Relationships among the Reliability, Availability, Maintainability 
and Safety in RAMS for Railway Signal System 
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In contrast, maintenance/repair work for a signalling system, in particular for an interlocking system, is generally 
done at train suspension time because the system has to contact external devices constantly. The system 
detects the trains positions to calculate interlocking logic and then outputs to command external signalling 
devices such as colour light signals and point machines. Consequently, in order to repair a malfunction of an 
interlocking system effectively, we have to stop all train operation to provide train suspension time. Usually the 
longer the train suspension time is, the more effective the repair work will be. Therefore, this paper describes the 
time during which the staff can engage in repair work as an index of maintainability for a malfunction of an 
interlocking system. 

2.2 Availability and Maintainability of Signal System Malfunction 

In actual system failures, the train suspension time required for effective repair work and the passengers’ 
convenience usually conflict with each other and we have to consider a proper balance. In other words, in the 
case of an interlocking system malfunction, we have to consider the relationship between availability and 
maintainability. 

Figure 3 conceptually shows the make-up of train suspension time. A system disruption such as the malfunction 
of an interlocking system has 4 major processes for recovery: 

1)  The first process is observing the malfunction and finding a cause. In many cases, a component failure 
makes the whole system inoperable. This process includes maintenance staff’s time to rush to the 
malfunction site from their office.  

2) The second process is providing appropriate spare parts. If the maintenance staff repair the failure 
quickly, for example, if the staff succeed in restoring a failed sub-system to proper operation, you need 
not consider this process. However, sometimes this second process takes a long time, because the 
component is seriously damaged and the staff have to convey appropriate replacement parts from their 
storehouse.  

3) The third process is the actual repair process which includes replacing the defective parts with new 
ones.  

4) The fourth process is the system test process. This process is the most important process because the 
soundness of the repaired system is indispensable for the safety of train operations. The suspension of 
train operation is usually required for this process.  

After these 4 processes have been followed appropriately, the recovery process is considered complete and the 
railway undertaking can start train operation again using a stable interlocking system. 

In the case of an interlocking malfunction, the railway undertaking stops all train operation around the station 
controlled by the interlocking system, so the recovery process proceeds during the suspension of trains. This 
case gives good maintainability for maintenance staff; nevertheless it results in greater inconvenience for 
passengers, and in other words the availability described in this paper becomes poorer. Clearly, if the railway 
undertaking is able to provide an alternative train control method, passengers can continue their journeys. In 
particular, the second process of Fig.3 does not require train suspension, and thus degraded train operation, 
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Figure 2: Recovery Time after Signal System Trouble, JR East  
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realized using the damaged system, is useful for passengers. Taking this situation into account, we propose a 
new maintainability analysis and evaluation method based on railway signalling maintenance data. 

 

 

 

 

 

 

 

 

 

 

 

2.3 Our Proposal to Analyse/Evaluate the Relationship between Maintainability and 
Availability 

In JR East, we usually employ a parameter to calculate how many people are affected by train disturbances. This 
parameter describes the number of people who have to break their journeys because of the disturbance [5]. 
However it does not consider the effect of recovery from train accidents. Thus we plan to investigate the effect of 
the recovery. Formula (2) schematically illustrates our quantification of the passengers’ inconvenience [6].  

2211 BABAS   (2) 

where S means the total number of people who are influenced by using abnormal operation of trains in disorder. 
The first part of Formula (2) means the number of people who should be carried by normal train operations; A1 is 
total recovery time and B1 is number of people per unit time. B1 is determined according to the characteristics of 
the train lines involved. The second part of Formula (2) shows the influences of train disorder. A2 is the duration 
when irregular trains are operated to carry train users. B2 is the number of people per unit time who travel by 
these irregular train operations. On a practical business level, JR East do not usually use A2 and B2 to estimate 
the reduction of the influence of train disturbance, because these values are difficult to settle. 

On the other hand, currently it is difficult to define maintainability quantitatively. We have considered several 
patterns of recovery process to qualitatively describe the maintainability. These patterns estimate the time during 
which maintenance staff can do the repair work. In a case where train operation is suspended throughout the 
repair work, maintainability will be most effective because the maintenance staff can concentrate on their repairs. 
In the case of partial train operation, maintainability is less effective because the staff sometimes break from the 
repair work in order to run trains. We have considered the frequency and duration of breaks in the repair work as 
a parameter to describe the maintainability of the repair work. We have specifically studied several parameters to 
take account of the partial train operations. 

3 PRACTICAL ANALYSIS  

3.1 Complete / Partial Suspension of Train Operation 

We consider two cases concerning recovery from train disorder. The first case is a recovery where no train runs 
until the accident is completely recovered. In formula (2), A1 means the duration from the first occurrence of the 
disturbance through to the completion of recovery. B1 is a value derived from normal operations of that train line. 
A2 and B2 are zero because there is no irregular train operation. 

The second case is a recovery during which some trains are operated in accordance with irregular train diagrams. 
In this case, A1 and B1 are just the same as the first case. On the other hand, A2 means duration from the 

Figure 3: General Recovery Sequence of a Signal System Fault 
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starting time of irregular train operation to the system recovery. The number of traveling passengers per unit time 
in this period is described by B2. 

3.2 Practical Analysis 

We have investigated 46 train disturbances that occurred on JR East over 4 years. The disturbances arise from 
investigation of interlocking systems. In line with current practice, train operations were suspended until the 
disorders were recovered in almost all the disturbances: in other words these disturbances are categorized as 
the first case in 3.1 (Hereafter, we call this case “Pattern A”). 

Concerning the second case above, we have detailed three types of irregular train operations. The first type is an 
operation achieved by manual handling as an emergency operation. In this operation the station staff directly go 
to point machines to lock them mechanically and display a hand-signal to each train driver (we call this case 
“Pattern B”). The second type is an operation with the assistance of a backup system. In this case, maintenance 
staff rush to the damaged signal equipment such as a malfunctioning interlocking system and handle a backup 
system (we call this case “Pattern C1”). The third type is also an operation with a backup system but in this case, 
when trouble occurs, not maintenance staff but observers in the train control base start a backup system 
remotely (we call this case “Pattern C2”). Pattern C2 needs less time to start the backup system compared to 
Pattern C1, almost always. 

Our study is based on the station model shown in Fig. 4. In case of Pattern B, C1 and C2, main routes are 
chosen for degraded train operation. 

 

 

 

 

 

 

 

 

 

 

In the case of Pattern A no train runs. In the case of Pattern B, it needs a long time to follow the process and 
confirm the safety of train operation, and as a result the number of available trains is not so large. As illustrated in 
Fig.4, the station staff go to the point machines and mechanically lock the directions by hand to fix the train 
routes to the main line directions. After this procedure, in order to assure the safety of the station for every 
approaching or leaving train, the station master confirms the safety of the route and offers a signal by hand one 
by one to each train. In our study, we assume that it takes approximately 15 minutes for this procedure. 
Therefore 4 trains an hour is the maximum value in this assumption. 

In the case of Patterns C1 and C2, the architecture of the backup system determines the number of trains, which 
should be larger than that of Pattern B. In Fig.4, we assume a backup system that controls only the main lines. 
The reason why we do not employ a full copy of the present interlocking system as a backup system is that it 
costs too much to install at all stations. Our assumption estimates that available train operation is approximately 
80% of normal because trains cannot use siding routes for overtaking. Pattern C1 and C2 have no difference on 
this point. They do have a difference of the starting time of the backup system: the starting time of Pattern C2 is 
earlier than that of Pattern C1. 

Table 1 illustrates various parameters according to the above-mentioned classification. Three types of degraded 
train operation are investigated to consider varying characteristics of train lines. For example, the center of Tokyo 
Metropolitan area has very crowded train operation while the outer part of Tokyo Metropolitan area is not so 
crowded. The other areas are comparatively rural areas where train density is small. In order to describe the 

Figure 4: A Station Model for Our Study 
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effect of the density of trains, we have assumed the number of trains per hour in each area as shown in Table 1. 
Simultaneously bracket numbers indicate the rate of the normal and the abnormal train operation. 

Since the number of passengers differs largely depending on time zones, we have introduced coefficients as 
shown in Table 2. Parameters B1 and B2 are redefined considering these coefficients. 

 

 

 

 

 

Category Hours Coefficient Note 

Early morning 

Night 

5:00~7:00 

21:00~24:00 
0.1  

Morning 

Evening 

7:00~9:00 

18:00~21:00 
0.6 Peak hours 

Daytime 9:00~18:00 0.3  

Overnight 0:00~5:00 0 Out of service 

 

 

3.3 Result of Case Study 

Figure 5 shows the results. When parameter S is at the value of ~100,000, the S of Pattern A is larger than that 
of the other patterns. Similarly when S is ~100, the S of Pattern A is smaller than that of the others. This figure 
shows that in the case of partial train operations, the passengers’ inconvenience tends to be reduced, but it is 
rather complicated. Then we have calculated the numerical averages of S and normalized them as shown in 
Fig.6. This figure tells us that Pattern B is able to reduce S by approximately 15% of the total influence. Moreover 
Patterns C1 and C2 could have larger effects where the value of the reduction is more than 50%.  

 

 

 

Category 
Normal 

operation 

Degraded operation 

Note 
Pattern A Pattern B 

Pattern C1 

Pattern C2 

Central Tokyo 
metropolitan 

area 

20 trains per 
hour 

(1) 

0 trains 

(0) 

4 trains per hour 

(0.2) 

16 trains per hour 

(0.8) 
Within 50km 

Outer Tokyo 
metropolitan 

area 

10 trains per 
hour 

(1) 

0 trains 

(0) 

4 trains per hour 

(0.4) 

8 trains per hour 

(0.8) 
50 ~ 100km  

Other regions 

5 trains per 
hour 

(1) 

0 trains 

(0) 

4 trains per hour 

(0.8) 

4 trains per hour 

(0.8) 
 

Table 2: Effect of the Rate of Utilization  

Table 1: Coefficient of Train Operation in Abnormal Situation  
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3.4 Maintainability of Recovery Work 

Maintainability is also an important factor. In our study, since JR East have hardly employed the recovery 
Patterns B, C1 or C2 on practical business use, it is difficult to estimate actual maintainability. Therefore, we 
have set assumptions. Our analysis of the actual data tells us that the average time of the recovery work is 
approximately 200 minutes. Thus we have assumed the maintainability as a ratio between the recovery time and 
the abnormal train operation time.  

In case of pattern A, we have estimated that the maintainability is 1, because all trains are suspended until 
maintenance staff complete the recovery work. In case of pattern C1, we have assumed from experiential 
cognition that it needs around 30 minutes to start a backup system because we have to wait for maintenance 
staff to come from their office and switch to the backup system. Moreover, we have assumed that it needs 10 
minutes to verify the repaired interlocking system after the recovery work is finished. Thus we have assumed the 
ratio between the time of recovery work and the time of abnormal train operation is approximately 0.8 which is 
derived from 200 / (30+200+10). Furthermore, in case of pattern C2, we assume that staff in the control office 
remotely control the start of the backup systems within 10 minutes. In this case system verification time (10 
minutes) is needed. Thus we have assumed the ratio between recovery work and abnormal train operation is 
approximately 0.9 which is derived from 200 / (10+200+10).  

On the other hand, in the case of Pattern B, it is difficult to estimate the time of the recovery work because the 
maintenance staff cannot shutdown the interlocking system to make repairs. Thus the ratio is hardly calculated, 
and we have assumed the ratio from experiential cognition to be 0.1 ~ 0.3. 

Figure 5: Distribution of Traffic Disturbance 

Figure 6: Passengers’ Influences at each Pattern (Compare to Pattern A) 
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3.5 Relationship between Availability and Maintenance of Railway Signalling System 

We have taken into account the maintainability and availability as follows. The availability described in this paper 
explains the convenience of passengers but it does not refer to the convenience of maintenance staff. When we 
apply an inverse of maintainability to the availability, for example, a new index will explain the convenience of 
passengers and maintenance staff at the same time. 

As far as our data analysis goes, a new index for each pattern is estimated; the value of Pattern A is 100, Pattern 
B is around 281 (the ratio of maintainability is estimated at 0.3), Pattern C1 is 55 and Pattern C2 is 28. Thus we 
can say that the most effective method in case of an interlocking malfunction is pattern C2. As a possible next 
step, we recommend reflecting these values in the investment of lifecycle cost. 

4 CONCLUSION 

We have clarified a relationship between the availability and maintenance of railway interlocking systems. A new 
index is introduced that simultaneously contains the effect of disturbance on railway passengers’ convenience 
and maintenance staff’s convenience. The railway passengers’ convenience has a close relation to availability 
and the maintenance staff’s convenience has a close relation to maintainability.  

We have discussed availability from the view-point of a train disturbance and its recovery. Our study has 
considered the effect of different patterns of recovery, based on actual operation procedures. Estimations of the 
46 examples of disturbance in JR East tell that full manual procedure could have reduced approximately 15% of 
the total influence. Moreover a simple backup system could have a larger effect where the value of the reduction 
is more than 50%. According to our calculations, the faster we change the disorder system to an alternative 
system the better results for passengers are obtained. It is an expected result but the quantitative explanation is 
slightly difficult. Furthermore we have also discussed maintainability. Since it is difficult to estimate maintainability 
quantitatively, we have set several assumptions in accordance with the actual operation procedures. Combining 
these two factors, which are significant factors in the RAMS standard, gives us a new technique to estimate the 
value of each recovery technique in signalling systems.  

Nowadays, investment costs for signalling systems are becoming more significant for railway undertakings and 
system suppliers. Currently we tend to focus on initial costs when we install a single system, but we ought to pay 
more attention to the running costs of the signalling systems. In other words, we have to estimate lifecycle costs. 
Thus we propose to employ our study in the future to estimate the lifecycle cost of a signalling system. 
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