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SUMMARY 
A new train control system that reduces the number of ground equipment by onboard control is developed for 
secondary lines. In the system, the functions of interlocking and route control that have been ordinary installed on 
the ground equipment are dividing into onboard equipment and ground equipment. With mounting a part of 
interlocking function on the onboard equipment, the train’s route and the point machines on the route are directly 
controlled by the onboard equipment. In the viewpoint of the basic control logic, the system has two types of the 
ground equipment. One is the block controller which stores the block locking status. The other is a point 
controller which controls the point machines by the message from onboard equipment. This paper shows the 
concept and system configuration of the new train control system and describes the method of the route control 
and point operation. 

1 INTRODUCTION 

In secondary lines, reducing the cost of wayside signals while securing safety level is one of the most important 
issues. In Japan, migration to automatic blocking systems in secondary lines has been advancing for a long time. 
For instance, the restricted automatic blocking system which manages train existing on the block section by 
detecting electronic sign checking has been used since 1980s[1][2]. Recently, in the system replacing aging 
equipment becomes major problem. In the development of a new train control system, additional cost reduction 
and improvement of securing capability of the safety level are crucially required. 

In order to meet the requirements, radio based train control systems such as ETCS/ERTMS Level 3, CBTC, and 
ATACS are developed [3-5]. Although the target of these systems is reducing the function of the ground 
equipment, the systems are multi functional total systems using the high performance equipment, and the target 
of the systems is not for secondary lines. On the other hand, ERTMS regional, a simplified and low-cost system 
based on ERTMS, is proposed for secondary lines, and the system migration to this system is discussed for 
secondary lines. However, the safety securing logics of the system are mainly installed on the ground equipment, 
which uses the same concept as the conventional systems. For more cost reduction, we consider that a part of 
the interlocking function should be mounted on the onboard equipment. 

We develop a new train control system dividing the function of interlocking and route control between onboard 
equipment and ground equipment which have been ordinary installed on the ground equipment. Although the 
cost of the onboard equipment is increased in the case of mounting a part of interlocking function on the onboard 
equipment, the cost of ground equipment can be reduced. Especially, reducing the ground equipment has large 
benefits for secondary lines since the small number of trains run on the lines. Additionally, in the train control 
system mounting the interlocking function on the onboard equipment, it becomes the issue that plural trains may 
set conflicting routes independently. To solve this problem, the equipment which stores and controls the block 
sections is installed on the ground. 

This paper shows the concept and system configuration of the new train control system which divides 
interlocking function into onboard and ground equipment and describes the method of the route control and point 
operation. 
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2 OVERVIEW 

2.1 System concept and precondition 

For developing a new train control system for secondary lines, we set two aims. The first is to reduce the initial 
and maintenance cost by decreasing functions of ground equipment using onboard route control and radio 
communication The second is to be applicable under low quality transmission line such as low-speed 
transmission line or narrow communication area. 

Additionally, in order to develop the system, we assume following conditions and environments as the secondary 
lines: 

 The number of trains is small. 

 The trains are used only in a restricted railroad section. 

 Reduce the number of wayside equipment to the extent possible. 

 Function of the position detection is equipped on the train. 

 Onboard equipment has the database about the railroad sections and the route. 

2.2 Outline 

In the proposed new train control system dividing interlocking function into onboard and ground equipment, 
train’s routes are controlled with the block sections. The onboard equipment locks/unlocks a block section on the 
train’s route and operates the point switching based on the information of onboard position detection.  

The outline of the system is shown in Fig. 1. The procedure of the system is as follows:  

1. The onboard equipment sets the train’s route. 

2. The onboard equipment locks the block sections on the scheduled route. 

3. The onboard equipment directs that switching the point machines on the block section that have been locked 
by the equipment. 
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Figure 1: System outline. 
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The block controller on the ground stores the locking status of the block sections. The block controller keeps 
locking the block sections until the train unlocks them. Using onboard route control and ground block section 
management, the real time communication between the onboard equipment and ground equipment is not 
necessary. Thus, the wireless communication area can be limited on the starting/end position of the route control. 
In point operation, only the onboard equipment that has locked the block section including the point machine can 
operate the point.  

2.3 System configuration 

The new train control system has three types of equipment: the onboard equipment, the block controller, and the 
point controller. 

The onboard equipment has five functions: the onboard position detection, the route control based on the 
onboard train position detection, locking block sections on the scheduled route, point switching operation, and 
velocity control based on ATP profiles which are preset. The onboard equipment is equipped on the driving 
position and assigned unique onboard ID. 

The block controller on the ground has the function of storing the status of the block sections and the onboard ID 
which locks the block section. Additionally, the block controller has the block database which records the layout 
of block sections. Only one onboard ID can be associated with a block section on the block controller, which 
prevents plural trains from locking the same block section. 

The point controller is set near the point machine and controls the point machine based on the message from the 
onboard equipment. 

In addition to the above equipment, wireless base stations are set on the wayside since wireless transmission is 
used between the onboard equipment and the block controller or the point controller. 

2.4 Onboard position detection 

Onboard position detection is important, because the onboard position detection is used as the trigger of route 
control including block section locking and velocity control [6]. In the system, traditional train detection systems 
can be adopted. However, in the paper, in order to further reduce the cost of the wayside device, we propose the 
usage of the RFID as the onboard position detection for the train control system. 
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Figure 2: Verification method of onboard position detection 
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RFID tags are set on tracks. The onboard equipment has the database associating tag IDs with positions. When 
the train pass over a tag, RFID reader whose antenna is installed under a floor receives the tag ID and transmits 
the information to the onboard equipment. The onboard equipment detects the train’s position retrieving the tag 
ID on the onboard database. However, in order to use the RFID for a signalling system, it is necessary to check 
the validity of the position and the integrity of the reader and tags because the RFID is not designed for security 
apparatus.  

We describe an example of checking method of validity as shown in Fig.2. In the method shown in Fig. 2, the 
tacho-generator is simultaneously used in addition to the database of the tag IDs and its positions. When the 
train passes over the tag and the RFID reader of the train detects the tag, the onboard equipment can obtain the 
train’s position. The onboard equipment continuously compares the train’s position calculated using tacho-
generator with the position where the next tag should be installed. If the RFID reader cannot detect the next tag 
at the supposed position of the next tag, the onboard equipment stops the train. In the paper, we describe the 
proposed system on the assumption that RFID tags or traditional beacons are set on the track. However, the 
other techniques of train position detection can be adopted. 

3 BLOCK CONTROL 

3.1 Outline 

Main function of the route control in the new train control system is installed into the onboard equipment. The 
interlocking functions are divided into the onboard equipment and the block controller. Since large part of 
traditional interlocking logic in Japan is realised by the locking logic of block sections, block control logic and 
block section layout are important. Additionally, in order to prevent plural trains to lock the same block section, 
the logic of exclusive block control is necessary. Following two types of equipment are related to block control. 

Onboard equipment: The onboard equipment controls train’s route and transmits to the block controller the 
requests for locking a block section on the route or unlocking the block section which the train have passed. The 
onboard equipment has ATP profiles for every block section boundary in order not to enter the next block section 
that is not locked by the equipment. When the onboard equipment locks the next block section, the ATP profile is 
cleared. 

Block controller: Block controller stores the locking status of the block sections. On receiving the message of the 
request for locking the block section, the block controller checks the status of the block section unlocking and 
stores the onboard ID to lock the section. If other onboard ID is stored in the block section, the block controller 
sends the message of locking failure to the onboard equipment. 

Since the status of block sections is stored on the block controller, it is not necessary that the real time 
transmission between trains in order to share the information of blocking sections. Thus, it becomes possible this 
may lead to reduction of the cost.  

3.2 Block layout 

The block section layout which accommodate with locking logic is important, because a part of traditional locking 
logic is replaced with the block section locking in the proposed train control system. The definitions of the division 
of block section are as follows. An example of basic block layout is shown in Fig. 3. 

 Station block: 
The station block is set to the block section including a station or signal station. Only the station 
block can be set to the arrival point of a block locking request (details will be mentioned later). 

 Point block: 
The point block is set to the block section including point machine. This prevents more than one 
train from approaching near the point. 

 Intermediate block: 
The intermediate block is a normal block excluding station blocks and point blocks.  
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Figure 3: Basic layout of block section 

3.3 Block locking 

The procedure of locking block sections is shown in Fig.4. When the train arrives at the locking point, the 
onboard equipment decides the train’s route based on the information of the position of the train detected by the 
onboard position detection. Next, the onboard equipment sends to the block controller a locking request for the 
block sections on the train’s route. The block controller checks the status of the requested block sections. When 
the “Unlocking” status is stored on the block sections, the block controller deletes the status and stores the 
onboard ID of the onboard equipment on the status of the block sections. On the other hand, if the other onboard 
ID is stored on the block sections, the block controller sends the message that the block section is locked by the 
other train as shown in Fig.5. In this case, the following onboard equipment cannot enter the block sections while 
being locked. When the previous onboard equipment unlocks the block section, the following onboard equipment 
can lock the block section and the train can enter the block section.  
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 Figure 4: Block locking procedure 
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Figure 5: Exclusive block control 

 

3.4 Countermeasure for deadlock 

In the system, there are no management systems to control the train’s route, other than the onboard equipment. 
In case that the inappropriate block layout is setting, deadlock might occur. An example of the deadlock on the 
single track is shown in Fig. 6. In Fig. 6, train A and train B are faced each other on the single track. The onboard 
equipment on train A locks the block section #24 which is set as the arrival point of the train. At the same time, 
the onboard equipment on train B locks the block section #25 which is set as the arrival point. When the train A 
arrives the block section #24, the onboard equipment on the train cannot lock the next block section (block 
section #25) since the next block section is locked by the other onboard equipment. Thus, Train A and train B 
cannot enter the next block sections with each other. 

In order to avoid deadlock, we assume the station block where trains can pass each other can be set as the 
arrival block section of locking request. 

3.5 Block unlocking 

When a train enters the next block section, the onboard equipment unlocks the backward block sections as 
shown in Fig. 7. When the train arrives at the unlocking position, the onboard equipment sends the unlocking 
request to the block controller. When the block controller receives the unlocking request from the onboard 
equipment, the controller deletes the recorded onboard ID and stores the “unlocking” on the block sections. If the 
block controller cannot delete the onboard ID due to some failure, it is in the safe side because the locking on the 
block sections is kept. 
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Figure 6: An example of deadlock (inappropriate block layout) 
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Figure 7: Block unlocking procedure 
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4 POINT OPERATION 

4.1 Outline 

In order to reduce the wayside equipment, the onboard equipment operates the point direction via the point 
controller. In this paper, we assume no transmission line between point controllers and block controller, which 
brings the cost reduction of the total train control system and reducing restriction of an installation of wireless 
base station. 

The procedure of the point switching operation is shown in Fig. 8. The onboard equipment has the ATP profiles 
for the point machine and the end of the station track, which is set not to enter the closed point. When the train 
arrives at the position to direct the point controller which is installed on the locked block sections in the train’s 
route, the onboard equipment sends the request to switch the direction of the point machine. The point controller 
controls the point machine and sends the reply with the direction of the point. The onboard equipment checks the 
point direction and locked block sections. When the point direction is appropriate with the locked block sections, 
the onboard equipment clears the ATP profile for the point machine. The stopping position of the train is 
extended to the end of the next station track, which the train can enter the next block section. 

In the point switching operation, the point controller accepts the switching message from the onboard 
equipment which locks the block section including the point controller. Thus, the onboard equipment can only 
direct the point controller installed on the locked block section. On the other hand, the equipment cannot operate 
point on the unlocked block sections. 
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Figure 8: Point machine control 

 

4.2 Problem of switch operation 

The point switching operation in the system has following two features: 

 The point controller controls point machines by the message sent from the onboard equipment. 
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 The locking logic about point machine is included into the locking of block sections. 

However, the point controller has no method of checking the validity of the message. Thus, to ensure the security 
of the point switching operation, it is necessary to adopt the authentication mechanism which guarantees that the 
onboard equipment sending the request of the point machine operation certainly and really locks the block 
section. 

In order to solve the problem, we adopt the information authentication technique. The authentication mechanism 
is described in next section. 

4.3 Application of information authentication 

In the information transmission between the onboard equipment and the point controller, the information 
authentication technique is adopted [7] as shown in Fig. 9. 

Unique ID (I) is set for point controller. The unique ID of point controller is stored in the point controller as well as 
in the block controller. When the train detects the position of deciding next route, the onboard equipment sends 
the onboard ID (II) and train unique number (III) with locking request. The block controller generates and replies 
the verification information (IV) by the hash algorithm based on the unique ID (I), the onboard ID (II) and the train 
unique number (III). When the onboard equipment operates the switch direction, the onboard equipment sends 
the verification information, onboard ID (II) and train unique number (III) with the message of point switching 
information. The point controller generates the verification information (V) based on the unique ID (I), the 
onboard ID (II) and the train unique number (III). The verification information which is sent from the onboard 
equipment (IV) is collated with the generated verification information (V). When verification information of (IV) 
and (V) coincides, the point switching information is authorized as the onboard equipment which locks the block 
section including the point machine. Thus, because the point switching information is justified, the point controller 
switches the point machine. 

 

Block controller

Onboard equipment

Point controller

Unique ID (I) 

Registration of 
unique ID (I) 
(in advance)

1. Request for block lock
• Onborad ID (II) 
• Train unique number (III)

(train number, timestamp, and so on.)

2. Generation of verification information(IV)
using information of (I)~(III)

3. Reply for block lock
• Verification information (IV) 

4. Point switch information
• Onboard ID (II)
• Train unique number (III)
• Verification information (IV)

5. Generation of verification information (V) 
using hash using information of (I)~(III)
in point controller 

Verification information (IV) and (V)
 

Figure 9: Application of information authentication 
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5 CONCLUSION 

In this paper, we propose and describe a new train control system which divides interlocking function into 
onboard and ground equipment. In the system, functions of interlocking and route control which have been 
ordinary installed on the ground equipments are dividing into onboard equipment and ground equipment. With 
mounting a part of interlocking function on the onboard equipment, the train’s route and the point machine on the 
route are directly controlled by the onboard equipment. To realise the onboard control, functions of the route 
control and the point switching are installed in the block locking roles under the condition of a small number of 
trains.  

By installing the functions of the route control and the point switching into the onboard equipment, the cost of 
ground equipment can be reduced. We are convinced that adopting the system for the secondary lines 
contributes to the cost reduction and the improvement of safety. 
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