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Abstract: Signal checking conducted by train drivers makes up an important component in 
preventing Signal Passed At Danger (SPAD). Having experienced serious accidents in the 
past, we have conducted research and development, and implemented Automatic Train Stop 
(ATS) system as backup equipment to protect train operations. For this study, we have traced 
ATS technical transitions and SPAD incidents over the past 62 years. The elements of a 
railway safety system are defined as Man, Machine, and Media. For safer railway operation, 
we focused on risk existing at the boundary of each element in order to clarify the importance 
of managing "changing points" where risks occur. 
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1. INTRODUCTION

1.1 Background of the Study 

The safety of train operations is pursued in three areas, each with its own distinct 
characteristics, as shown in Figure 1. These three areas can be defined as follows: 

Area where safety mechanisms are built inside railway systems, such as train operations, 
maintenance of vehicles and ground equipment, and operation management including 
geological and meteorological conditions 
Area where safety mechanisms are built on the premise of contacts with external factors, 
such as car drivers and pedestrians passing through level crossings, and passengers at 
platform  
Area where safety mechanisms have been established in anticipation of encountering 
natural disasters such as heavy rain, earthquakes, and strong winds 

Figure 1 Each area of the safety system for train operations
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The safety of train operations as a whole is being pursued in each of the three areas shown in 
Figure 1, and accidents have been decreased. However, it is also true that it has not yet been 
completely disappeared. Figure 2 plots the frequency of serious train accidents (SORAM, 
2005) 

caused derailment of at least 20 vehicles) that occurred in the East Japan Railway Company 
(JR East) in 62 years from FY1958 to FY2019, and the number of fatalities and weighted 
serious injuries (FWSI: ten serious injuries are converted to one fatality). Accidents that 
occurred during the period of Japanese National Railways (JNR) were counted only in the 
area corresponding to JR East.  It can be seen that there are two kinds of serious accidents:  
train accidents due to signal checking errors (SPAD) and accidents ay level crossings. 

 

             
 Figure 2  Occurrence of Serious Operational Accidents (FY1958-2019) 

(Explanatory Notes) 
SPAD; signal breaking accident  
Crossing; level crossing accident 
Disaster; accidents due to heavy rain, earthquakes, strong winds, etc. 
Shunting; accidents during shunting work 
Station work; accident due to mishandling of the station 
Maintenance Work; accident during maintenance work such as tracks 

 
Since accidents at level crossings sit in the area of  in Figure 1 where mutual cooperation 
between train operators and automobile drivers/pedestrians passing by, and the number of 
railway crossings is large at approximately 6,700 (as of FY2020), it is difficult to eradicate 
them. On the other hand, SPADs are  in the area of  in Figure 1 where the cause and 
countermeasures are contained in the railway system and train operations, meaning the 
responsibility and countermeasures to be taken are clearer. The high significance of the 
SPADs relates to the fact that the train run on a guided track (Shiozawa,2002). Unlike 
automobiles, train drivers cannot avoid obstacles by steering wheel, therefore, the safety of 

capability to ensure that the safety system functions properly so that trains can be stopped 
securely in front of any obstacle is a major point for avoiding collision and derailment. 

SPAD is also an important subject for research since it directly leads to a serious 
operational accident.  

 
The outline of JR East and Occurrences of the railway accidents 

  JR East is one of the companies that were privatized from Japan National Railways in April 
1987. 
The outline of JR East 
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   Net work; 7,500km 
   No. of  Passenger; 17million/day 
   No. of  Train; 12,400/day 
   No. of  Emplyees; 71,000    

Occurrences of the railway accidents 
The railway accidents fall into two categories; Train accidents(Collisions, derailment 
and fires), Level crossings accidents, Railway accidents with casualty and Railway 
accidents with material damages. Level crossings accidents, Railway accidents with 
casualty account for approximately 98% of all railway accidents. 

Fig. 3 shows the occurrence of the railway accidents(FY1987-2019).  
 

 
 
 
 
 
 
 
  
 
 
 
       Figure 3  The occurrence of the railway accidents(FY1987-2019) 

 
1.2 Objective of Study 
 
In this study, train protection system is defined as a train operation safety system consisting of 
three elements (3M): "train driver" (Man), "signaling and onboard equipment" (Machine), and 
"train operation rules" (Media). Then, we will trace the past SPAD accidents and 
technological changes in the backup equipment for the block operation method in the JR East 
area including JNR period. We will clarify the importance of the comprehensive capability 
(management capability) to properly control and manage the operation safety system by 
responding to the "changing points" inherent in the boundary (interface) among the above 
mentioned three system components "3M". 
 
1.3 Outline of Research 
 
This study consists of seven chapters. In Chapter 2, the basic structure of the SPAD 
prevention system is defined as train protection system consisting of "3M". Chapter 3 
describes the technical evolution of SPAD (accident) backup devices from "cab warning 
device", "ATS-S", Frequency shift type ATS-P (Higuchi,1971;Miyazi and Katagata,1994)to 
Transponder-type ATS-P over the years of repeated accidents. Chapter 4 describes an example 
of the importance of signal confirmation by the driver through the revision of operation rules 
stipulated in ministerial and internal regulations. Analytical data are presented in Chapter 5. 
Accidents and incidents in the JR East over a period of 62 years from FY1958 to FY2019 
were analyzed together with technological changes in the backup devices. In addition, we 
discuss that no accidents have occurred even though the "Transponder-type ATS-P" has not 
been installed in all the sections, and that still new risks are emerging. In Chapter 6, we 
discuss the results of Chapters 3, 4, and 5, and show that there are risks associated with 
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Man-Machine interface, especially between drivers and equipment at confirmation process 
being regarded as a changing point. We also point out that new countermeasures can bring 
new risks. In addition, we propose the importance of risk management with acknowledgement 
of the existence of these kinds of risks. Chapter 7 summarizes the findings of this study. 
 
 
2. TRAIN PROTECTION SYSTEMS 
 
2.1 Mechanisms of Preventing Train Collision Accident 
 
The only reason that trains collide with each other is that there were two trains at the same 
time and in the same place. Thus, the mechanism of collision avoidance between trains is 
either to keep the distance between trains in time or in space. The former method is classified 
as "time interval system" and the latter method as "space interval system"(Nakanishi,2012). 
 
2.2 Method of Block System 
 
As shown in Figure 4, the method of block system is to let only one train occupy the section 
where the train is located, and prevent collisions between trains by not allowing other trains to 
enter that section. 

The driver stops in front of the signal to avoid a train collision. This is the mechanism 
for preventing a train collision by the method of blocking.  

   
   Figure 4  Concept of "blockage" 
                 
2.3 Train Protection System 
  
In order to prevent SPADs, it is necessary to detect the presence of a train in the block section, 
ensure that the driver (Man) checks the signals (Machine), maneuver the vehicle (Machine) 
according to the predetermined operation rules (Media), and operate the brakes to ensure that 
the vehicle stops in front of the signal that indicates the stop signal. 

   Figure 5  Train protection systems 
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Assuming that the "3M" concept has been established in each case, the three-pronged, 
integrated cooperation will enable safe train operation. Figure 5 shows a systematic 
representation of the operational safety system defined as such.  

In particular, a variety of backup devices have been installed to prevent accidents 
caused by human error, such as misunderstanding of signals by drivers. A typical example is 
the ATS system. The technical evolution of this backup device is described in Chapter 3.  
 
2.4 Operation Safety System and "Safety 4M" 
 
The safety system (Fig. 1) covering the operation safety system as a whole creates the 
"product" of train operation by means of the management power that bundles the "3M" 
comprehensively. In other words, the safety system of the entire train operation consists of 
these four elements (4M). Hashimoto (1984) and Masada (1988) point out that the "4M (Man, 
Machine, Media, and Management of Safety)" (Fig 6) is a universal model used in the used 
in the accident/incident analysis. In other words, both the operational safety system and the 
overall safety system for train operation can be understood in this universal concept of  
"Safety 4M."  

 
 
 
 
 
 
 
 
 
 

Figure 6  "Safety 4M" 
 
 
3. TECHNOLOGICAL EVOLUTION OF BACKUP EQUITMENT 
 
Signal confirmation by the driver is one of the important and basic operations. However, 
human error(Nakata,2013) could not be eliminated, so our predecessor experienced a major 
accident in the past, and repeatedly researched, developed, and introduced a backup device 
each time, and has continued to do so until now. 
 
3.1 Pre-installation Area of Backup Equipment 
 
In Japan, the first test of ATS started in 1921 between Shiodome and Shinagawa on the 
Tokaido Main Line, and in 1926, a magnet type manufactured by National Corporation of 
America was tested on the Yokohama Line between Kikuna and Kozukue(SSA,1980) . Since 
then, basic research has been carried out, but it has not been realized, partly because of the 
impact of World War II. 

Under such circumstances, a train passed a block signal at danger and collided with 
another train running ahead and being stopped in front of the home signal at Tabata Station 
(four fatalities and 114 injured) in April 1947 between Nakazato and Tabata Stations on the 
Tohoku Line(SORM,2005). Furthermore, in September of the same year, a train violated a 
block signal between Ueno and Uguisudani stations on the Tohoku line collided with other 
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train (76 injured)(SORM,2005). As a result of a series of collisions involving commuter trains 
in the Tokyo metropolitan area, a study was started on a method of providing an alarm in the 
cab to alert the driver.  
 
3.2 " Cab Warning Device" 
 
As a result of these studies, in December 1954, the first onboard warning system became 
operational in the commuter train section, the Keihin-Tohoku and Yamanote lines. This is 
called the "Type B cab warning device" developed for commuter train sections(SSA,1980). 
 
3.2.1 Function overview of "Cab warning device" 
 
 "Cab warning device"(Hiyoshi,1962) alerts the train driver with an audible alarm when the 
signal ahead of the train shows a stop signal. This device is classified into "A," "B," and "C" 
depending on the type of notification that it is a stop signal(Fig.7). 
  

            
   Figure 7  Overview of " Cab warning device (B,C-Type)" Functions 
 
3.2.2 Occurrence of accident in section which installed "Cab warning device" 
 

n accident 
occurred in January 1960 at Tokyo Station on the Tokaido Main Line when a train equipped 
with an "A-type cab warning device" violated the stop signal and collided with a train stopped 
at the platform (24 injured). 

This accident led to the discussion of adding an automatic stop function to the cab 
warning device, and the "Special Committee on cab warning device" was established at the 
head office of JNR in August 1960(JNROSSG,1981).  
 
3.2.3 "Mikawashima train crash" 
 
While the above-mentioned "Special Committee on cab warning device" was considering 
various methods, an accident occurred on May 3, 1962, when a train passed a departure signal 
at danger and interfered with the adjacent line in the premises of Mikawashima Station on the 
Joban Line, causing a crash against another train running on the adjacent line which further 
collided with one more train upcoming(160 fatalities and 296 injuries.)(SORA,2005).  
 
3.3 Installation of "ATS-S" 
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Mikawashima train crash accident led to the decision to install an "ATS-S" type with an 
automatic stop function added to the "cab warning system" and rolled out in all railway 
sections in Japan in April 1966. 
 
3.3.1 Overview of "ATS-S" functions 
 
The "ATS-S" type adds an automatic stop function to the "S-type cab warning 
system(Seiji,1971) .When a driver receives an alarm at a specific fixed point (approximately 
650 m in front of the signal with a ground coil called "ATS Long Ground Coil"), the driver 
confirms that the signal ahead is a stop signal by pushing a button  installed in the driver's 
cab. After the driver has done this (Confirmation procedure), the train is operated "only by the 
driver's attention". However, if the driver does not perform the "confirmation procedure" 
within five seconds after receiving the alarm, the "ATS-S" system judges that the driver's 
attention is not at a normal level, and the emergency brake automatically operates to stop the 
train before the stop signal (Fig. 8). 

          
   Figure 8  Overview of "ATS-S" functions 
 
3.3.2 Occurrence of accident in section which istalled "ATS-S"  
 
After the "confirmation procedure" of the "ATS-S" type trains, the trains were operated only 
by the driver's attention. This weakness manifested in a train collision accident occurred at 
Shinjuku Station on the Chuo Line in August 1967. In this accident, a train that violated the 
stop signal at the station collided with another train (tank car) crossing on the same line, 
which caused derailment and fire(SORM,2005). 
 
3.3.3 Functional weaknesses of "ATS-S" 
 
In the "ATS-S" type, an ATS Long Ground Unit is typically installed about 650m in front of a 
signal at danger. If the driver performs "confirmation" after the alarm is sounded, then the 
following train operation relies solely on the driver's attention. The accident at Shinjuku 
Station mentioned above can be regarded as an example of the weakness of "ATS-S" hat 

 
The functional weaknesses of "ATS-S" are summarized below. 

Alarm always sounds at the ATS Long Ground Unit location even under the 
scheduled train operation. (Unconscious response to alarm tone)  
The "ATS-S" alarm sounds are to wake up the driver's consciousness. Regardless of the 
driver's consciousness, the ATS Long Ground always alarms the drivers when the forward 
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signal is at danger. This can lead to additional stresses for drivers who are in a normal state of 
consciousness (Fig.9). Besides, it is thought that this alarm became ineffective since drivers 
got used to hearing it(Yuzuhara and Inagaki,2012) . 

In a section with a short signal interval, an alarm may go off at the ATS Long Ground Coil 
even though the forward signal is not at danger (a problem caused by the short signal 
interval). 
The intervals of signals in commuter lines in the Tokyo metropolitan area are shorter than that 
in other areas. The shortest signal interval is about 200 m. Even when an alarm sounds at the 
ATS Long Ground Coil, the next signal may not necessarily be at danger (Fig. 9). 
 

              
 Figure 9  Alarm points in commuter train sections in the Tokyo metropolitan area  
 

Due to the weaknesses in the "ATS-S" described in  and  above, the basic mechanism 
of "alarm sounding meaning the signal forward at danger"  work, which caused a new 
risk that the original design intent of the"ATS-S"to awaken the driver s consciousness would 
be undermined(Kurotori and Ichikawa,1979) . 
 
3.4 Development and Trial Operation of a Frequency-shift-type ATS-P 

 
In December 1973, a train derailed in Hirano Station on the Kansai Line due to overspeed at a 
turnout (3 fatalities and 156 injuries)(SOARM,2005). This accident led to a drastic 
improvement of the "ATS-S" to eliminate its weaknesses, and in November 1980, a trial of 
"ATS-P" was started between Nara and Minatomachi on the Kansai Main Line as an 
improved ATS with a continuous speed verification function. The trial results were good and 
the system was evaluated as a practical train protection system. 
 
3.4.1 Outline of the function of a frequency-shift-type ATS-P 
 
This frequency-shift-type ATS-P(Kurotori and Ichikawa,1979)uses a frequency shift method 
to transmit information between the ground and on-board units, and the number of 

curve that continuously plots the distance and speed required for stopping per the train 
performance) was generated by transmitting a unique frequency (F6) from a generator ground 
unit (S6) installed at a predetermined position and generating a predetermined speed 
verification pattern (P6) corresponding to the unique frequency on the train. (Fig. 10). 

Also, a ground unit for deletion of the speed verification pattern was installed separately 
from a generator ground unit.  
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Figure 10 Outline of a frequency-shift-type ATS-P 
 
3.4.2 Disadvantage of a frequency-shift-type ATS-P 
 
As described in 3.4.1, the generation of the speed verification pattern, the location of a ground 
unit for deletion of the speed verification pattern, and the speed verification pattern itself were 
all predetermined. 

For this reason, it has been difficult to generate or erase speed verification patterns in 
response to changes in signal aspects in commuter lines in the Tokyo metropolitan area, where 
signals frequently indicate at danger. Besides, once the emergency brake was activated based 
on the speed verification pattern and the train came to a stop, it took a long time before the 
brake was released and operation was resumed, raising a concern about the negative impact 
on the train schedule. To verify this concern, a simulation was conducted to see if the 
frequency-shift-type ATS-P system could be applied as a train protection system to commuter 
train lines in the Tokyo metropolitan area(Nakamura and Machida,1986). As a result, it was 
concluded that this system would be difficult to apply to commuter train lines in the Tokyo 
metropolitan area from the viewpoint of train operation control, and the introduction of this 
frequency-shift-type ATS-P was decided to be postponed.  
 
3.5 Development and Start of Use of Transponder-type ATS-P 
   
Under these circumstances, on October 19, 1984, a train derailed at Nishi-Akashi 
Station on the Sanyo Main Line with 32 injured due to the train exceeding the 
speed limit of a turnout(SOARM,2005). This accident led to the development of a 
transponder-type ATS-P using a digital code transmission system that utilizes a 
transponder(Ichikawa and Miyaji,1987). 
 
3.5.1 Functional overview of the transponder-type ATS-P 
 
In the transponder-type ATS-P, the number of information transmitted between a ground unit 
and on-board unit was dramatically increased compared with the frequency shift-type ATS-P, 
and the distance to the signal which is at danger ("distance information") can be transmitted 
from the ground unit. As a result, it became possible to continuously compare and calculate 
the speed of the train and the distance to the signal at danger on the train, and generate the 
speed verification pattern whenever necessary (Fig. 11). 
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Figure 11  Outline of the transponder-type ATS-P  
 

In addition, both generating and updating the speed verification pattern can be 
performed from a single ground unit, enabling smooth control over changes in a signal 
indication (Fig. 12).  
                               
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12  Generating and updating the speed verification pattern 
 

Furthermore, the transponder-type ATS-P allows a train to apply the maximum normal 
brake corresponding to a signal at danger. As a result, this made it possible to shorten the time 
to release the brakes and resume operation after a stop (Table 1).  
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180

Train direction

Stop signal

Distance information 650m

1000

180
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Stop signal

Velocity examination pattern

The train is going forward, the distance information by the stop signal
has been changed from  180m to 1180m and the velocity examination
pattern is being updated.
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L2
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Normal operation
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when the train speed exceeds
the velocity examination pattern

Velocity examination pattern

Ground coil
(Transponder)

Stop signal

Disatance information L1
by the stop signal
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Table 1 Comparison of "ATS-P" types 
Name Brake Information transmission system Number of information 
Frequency 
shift-type 
"ATS-P"  

Emergency 
brake 

Transformer system 12 information (due to the 
restriction of frequency) 

Transponder type 
"ATS-P"  

Maximum 
normal 
brake 
(EMU) 

Digital code transmission 
by transponder 

Encoding makes it possible 
to create various 
information 

                
Consequently, the transponder-type ATS-P was introduced in March 1987 for the first 

time in JNR as a train protection system that can be applied to commuter lines in the Tokyo 
metropolitan area, where the frequency-shift-type ATS-P could not be introduced.  
 
3.5.2 Advantages of transponder-type ATS-P  
 
Transponder-type ATS-P can solve problems  and  in 3.3.3 as described below. In 
addition, we have summarized the advantages of the transponder-type ATS-P in conjunction 
with the evolution of train braking functions as described in  below. 

 Solving the problem of unconscious response to alarm sounds 
In the transponder-type ATS-P, there is no alarm unless the speed of the train approaches the 
speed verification pattern under a normal operation, and the driver can concentrate on train 
operation until the train stops before the signal. Also, in order to allow the driver to 
concentrate more on the operation of the train, operation status indicators and devices such as 
brake operation have been installed in the cab, taking into consideration the human 
interface(Inagakai,2004). 

 Solving the problem of short signal interval 
In the transponder-type ATS-P, distance information is transmitted from the ground unit, and 
the train itself creates and updates the necessary speed verification patterns accordingly. 
Therefore, no alarm sounds at a point of a ground unit, and a driver can concentrate on 
driving the train according to the signal indications. 

 Evolution of the braking function of trains 
In the frequency shift-type ATS-P, emergency brakes were applied when it was activated 
according to the speed verification pattern, but in the transponder-type ATS-P, trains use the 
maximum normal brake, which enables a reduction in the time required for the brakes to be 
released afterward. This reduced the impact of disruptions in train operation after brake 
applied by approaching speed verification patterns. 
According to ,  and  above, the transponder-type ATS-P has been established as a 
standard train protection system that can be applied to all areas including commuter train lines 
in the Tokyo metropolitan area. 
 
3.6 ATS Since the Privatization of JNR 
 
3.6.1 Occurrence of train collision accident at Higashi-Nakano station  

 
On December 5, 1988, two years after the privatization of the JNR into the Japan Railways 
(JR) in April 1987, a train collision accident occurred at Higashi-Nakano Station on the Chuo 
Line when a train violated stop signal and collided with a preceding train that was stopped at 

11



 

 
 

the station(SOARM,2005). One passenger and one driver died as a result of this accident, and 
116 people were injured. At this time, the ATS device used in that area was the ATS-B. 
 
3.6.2 Major efforts to improve the level of safety after the accident 
 
Even though JR East had already decided to introduce the transponder-type ATS-P before the 
accident occurred, the accident accelerated the implementation of the system and started to 
use it between Ueno and Oku on the Tohoku Line in 1989. In addition to the implementation 
of the transponder-type ATS-P, a comprehensive five-year safety plan(EJRC,2020) covering 
both the hardware and software aspects, including the Prioritized Safety Facility Investment 
Plan, was formulated in 1989 and is currently in the seventh phase of the plan. Also, new 
organizations for promoting operational safety were established as Safety measures office and 
Training Center in each branch office, and the Safety Research Laboratory as an independent 
organization affiliated with the head office. Furthermore, we are accelerating and promoting 
the Proactive Safety Activities, which has been launched since the establishment of JR, to 
promote a sense of independence and self-reliance among employees, and are working to 
raise employee awareness of safety. 
 
 
4. TRANSITION OF MINISTERIAL ORDIANCES AND REGULATIONS RELATING 
TO ATS 
 
4.1 Ministerial Ordinance 
 
As for the ministerial ordinances during the Japanese National Railways era, train operation 
was regulated by "Japan National Railways Operation Regulations" while signal and rolling 
stock equipment-related matters were organized in "Japan National Railways Construction 
Regulations". 

When JNR was privatized in April 1987, the ministerial ordinances for JNR and private 
operators were merged into a single set of "Railway Operation Regulations" and "Structural 
Regulations for Common Railways" respectively.  

In April 2002, the Ministerial Ordinance was enacted as the "Ministerial Ordinance to 
Provide Technical Regulatory Standards on Railways (Ministerial Ordinance of the Ministry 
of Land, Infrastructure, Transport, and Tourism, No.151, 2001), integrating five previous 
ministerial ordinances such as the "Railway Operation Regulations" and the "Structural 
Regulations for Common Railways," based on the policy of shifting from specification to 
performance oriented regulations.  
 
4.1.1 Amendment of the ministerial ordinance related to ATS  
 
In 2006, the Ministerial Ordinance of the Ministry of Land, Infrastructure, Transport, and 
Tourism newly added not only the signal indication but also the track condition  (curves, 
turnouts, etc.)(JREEA,2014)as a requirement for ATS installation, which was triggered by the 
derailment of a train at Shukumo Station on the Shukumo Line in March 2005 (1 fatality, 11 
injured)(SORAM,2005) and the derailment of a train between Tsukaguchi and Amagasaki 
Stations on the Fukuchiyama Line in April 2005 (107 fatalities, 562 injured)(SOARM,2005) 
due to exceeding the speed limit at a curved section. 
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4.2 Internal Regulations of JR East 
 
The internal regulations of JR East are based on the Operation Standards and Train Protection 
Equipment Standards of JNR. 
 
4.2.1 Revision of signal verification-related regulations and enhancement of driver 
awareness  
 
In August 1997, a train collision occurred between Numazu and Katahama stations on the 
Tokaido Main Line when the train was operating under non-blocking operation (43 
injured)(SOARA,2005) JR East has learned from this tragedy and revised the regulations in 
March 1999 to  confirmation of no train ahead when 
passing a signal at danger. 

These amendments to the ministerial ordinances and internal regulations (Media) 
related to ATS and signal confirmation have made drivers (Man) aware of the importance of 
signal confirmation. This is an example of how Media encourages cooperation between Man 
and Machine to improve the train protection system.  
 
 
5. SPAD RELATED ACCIDENTS AND INNOVATIONS IN BACKUP DEVICES 
 
Figure 13 shows the actual number of SPAD related accidents on the main signals (home, 
departure, and block signals) in JR East for 62 years from FY1958 to FY2019, and the 
moving average of three years. In addition, the technical innovations of backup devices and 
its installation status are shown in Figure 13 as the ratio of installation to all operating railway 
lines. 

Figure 13 SPAD related Accidents and Innovations in Backup Devices (FY1958-2019) 
 

As of the end of FY2019, installation rate of the transponder-type ATS-
which provides the continuous speed checking and automatic braking device, are 
approximately 47% of all operating railway lines (over 96% in traffic volume basis) as the 
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result of installation progress.  
The figure13 and 14 shows the following.  

Although the backup devices evolved from the "cab warning device" to the "ATS-S" type, 
the number of SPAD related accidents fluctuated. This means that there was still weaknesses 
in the "ATS-S" type device. 
Since March 1987, when the transponder-type ATS-P was firstly used in the JNR era, there 

has been no SPAD related accident on the ATS-P installed section. This shows the 
effectiveness of the transponder-type ATS-P device. 
Even though the transponder-type ATS-P installation has not been spread over all the 

operating lines, no SPAD related accident has occurred since 1993. 
In addition, with the number of SPAD related incidents that did not lead to an accident in 

FY1987  set at 1.0, the number of incidents in each fiscal year was indexed and shown in 
Fig. 14  SPAD incidents have been gradually decreasing, with less than half of the 
incidents occurring in FY2019 compared to the year when JR East was established. 
However, further analysis revealed that there were a few SPAD incidents where the 
transponder-type ATS-P functioned as designed and the train stopped automatically, 
however, the drivers misjudged the situation and cancelled ATS-P without any authority to 
proceed the stop signal. This should be recognized as a new type of human error and a new 
risk. 

 

   Figure 14  SPAD Incidents Occurrence (FY1987-2019) 
 
 
6. CONSIDERATION 
 
We considered signal-related accidents, incidents, technological innovations of backup 
devices, and historical changes in the signaling/train protection systems for 62 years below. 

 Elimination of 'changing point' risk by eliminating confirmation procedure 
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Figure 15  Innovations in Signal Backup Devices 
 

Fig. 15 shows a comparison of the technical innovations in the backup equipment from 
the functional view, such as approaching, checking, and applying the brakes on the way to the 
stop signal.   

Before the introduction of the transponder type ATS-P, when the "ATS-S" alarm went 
 of 

ation 
procedure", we can regard t "changing point" risk. 
Yoshimura(Yoshimura,2009) also pointed out that the seeds of the problem are at the 
changing point.  

Installation of the transponder type ATS-P providing continuous speed checking with no 
nfirmation procedure" required weeded out the "changing point". 

There was no SPAD related accident in the transponder-type ATS-P section, meaning 
the approach to identify and handle the "changing point" can be evaluated as appropriate.  

 Establishment and further applicability of transponder-based systems 
The practical application of the transponder-type ATS-P, which can be applied to commuter 
train sections in the Tokyo metropolitan area and eliminate the "changing point" risk of 
"confirmation procedure", was made possible by the introduction of a digital code 
transmission method using transponders, which led to a dramatic increase in the number of 
information. This transmission technology has been incorporated as an important technical 
element to calibrate rain position in the wireless train control and safety system 
("ATACS")(Ohba and Mori,2009) that was put into use on the Senseki Line in October 2001. 
It can be said that the introduction of the transponder type ATS-P was a milestone for the 
future innovation and expansion of train protection systems. 
Man-Machine Systems and Emergence of New Risks 

The emergency brake is activated 
after 5 seconds 
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Although new safety measures have been implemented for the backup systems from "cab 
warning device" to "ATS-S" type, accidents occurred repeatedly until the advent of 
transponder type ATS-P. This can be the result of misalignment at the interfaces among the 
3Ms that make up the operation and safety system (Fig. 5). It can be recognized that the 
introduction of a new device (Machine) has brought about a new type of risk that the driver 
(Man) has never experienced before. It can also be seen that new types of risks became 
apparent in the factors that caused the incidents (see  in Chapter 5). 

Yuzuhara, Inagaki, and Nakagawa(2012) pointed out that the appropriate design of 
human-machine interfaces is essential to prevent accidents caused by human error. The 
analysis of the factors that led to the occurrence of SPAD(Fig. 13) and incidents (Fig. 14) 
suggests the importance of recognizing new risks emerging  at each interface of the 3Ms and 
factoring them in the design of new countermeasures.  

 Train Protection Systems risk management 
In order to operate trains safely, it is necessary to coordinate the "3Ms" with each other and 

of the fact that the transponder type ATS-P has not been installed in all the lines, there have 
been no SPAD related accidents since 1993. In addition, the number of incidents has 
decreased significantly. This is considered to be the result of the integrated management of 
the system, which has been enhanced by raising the level of knowledge and awareness of 
drivers (3.6.2), which corresponds to the 3Ms, and by improving and revising the regulations 
and rules , which correspond to the Media, as needed. This is the result of the integrated 
management of the 3Ms. In addition, as described in 3.4.2, the fact that the applicability of 
the frequency-shift-type ATS-P to commuter train sections in the Tokyo metropolitan area 
was analyzed and judged by simulating the entire train operation control from a wider 
perspective, rather simply from train protection system alone, can also be regarded as a 
result of integrated management. Katagata, et al. (2015) pointed out that the "Safety 4M" 
was evolving into the concept of "3M + Management," rather than 4M being in 
parallel(Katagata and Ishida,2015) . We recognize that we were able to prove this in terms of 
the operation and safety system as well. 
 Historical evolution of the Train Protection Systems 

A historical review of the changes in the Train Protection Systems over the past 62 years is 
cab -S") were developed 

to prevent Man errors. Second, in the course of operating these machines, the 
human-machine interface between Man, Machine, and Media emerged as an issue in the 
1960s. To solve this problem, the transponder type ATS-P was developed in the 1980s as the 
complete machine system since there were no SPAD related accident afterwards. Looking 
back at the historical transition of the Train Protection Systems, it is thought that it has 
evolved to prevent errors in Man, to solve the lack of coordination among Man, Machine, 
and Media, and to suggest the need for diversification of Management. 

Furthermore, in order to raise the level of safety higher in the future, it is necessary to 
raise the level of the train protection system itself with the management ability to 
comprehensively view the interface of "3M". 

 New perspectives of risk management 
With the progress in the installation of the transponder-type ATS-P, there have been no 
SPAD related accidents in recent years. In the past, countermeasures were mainly based on 
lessons learned from accidents that had occurred However, analysis of the incidents revealed 
that new types of risks had emerged, suggesting that new risks had emerged through the 
implementation of new safety measures, and that both the quality and quantity of these risks 
had been transformed. Therefore, it is important not to assume that the total amount of risk is 
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decreasing, but to recognize that the quality of risk should be changed and unacceptable 
risks should be reduced based on the various changes in the environment surrounding 
railways. In addition, in a situation where the number of failures, such as SPAD and other 
incidents, are decreasing, it is important to take a hint from the concept of "Safety-II " 

proposed by E. Hollnagel (2014)and not only look at failures, but also ask "Why are we 
succeeding and doing well without failures? ".  A new style of risk management would be 
needed to improve safety further with taking an approach learning from the overwhelming 
number of successful, and going well cases. We believe that this is also a necessary 
perspective to meet the increasingly complex and diverse needs of society. 

 
 
7. CONCLUSION 

 
Based on the above consideration, the results of this study and future issues are summarized 
below from a practical viewpoint. 

First, it was revealed that the process of "confirmation procedure" corresponded to a 
"changing point" that made room for human intervention, and that eliminating this "changing 
point" was effective in eliminating human error and preventing accidents.  

Second, it was pointed out that new safety measures that eliminated this "changing 
point" risk brought new risks. In addition, we were able to demonstrate the importance of 
recognizing the interfaces at the "changing point" and designing and building train protection 
system from the perspective of the Man-Machine interface.  

Third, in order to ensure that train protection system, which is the key to proper train 
operations, it is necessary to improve the level of each of the "3M" with an eye to the rapidly 
advancing information transmission technology. We recognized that the element of the 
integrated management to operate and manage these interconnections is becoming 
increasingly important, even for train protection system.  

Furthermore, the following issues can be mentioned as future challenges.  
In this paper, the technological changes of Machine were used as the starting point for 

analysis and discussion. However, further research is required from a broader perspective 
that considers the environment, which is thought to have an impact on the occurrence of 
human error, as a media element. 
It is necessary to conduct case studies of risk management practices not only in the rail 

transport sector but also in other sectors and overseas companies in the same industry that 
have different corporate cultures. 
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