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(57) Abregé/Abstract:

A ground device capable of detecting the position of each train even when trains with on-board devices for train control systems of
respectively different types mounted thereon travel through the same line (zone), and transmitting a train control signal to each
train, Is provided. A ground device 1 receives a train detection signal (TD signal) from a train with an ATC/TD on-board device
mounted thereon through loop coils 2, to 2 and receives a train position signal from a train with a CBTC on-board device

mounted thereon through wayside radio sets 6, to 6 Based on the input train detection signal and train position signal, the ground
device 1 detects the position of each train traveling on a route R, generates control information on each train based on the detected
position of each train, and converts the control information to an ATC signal and a CBTC signal. The ATC signal is transmitted to
the loop colls 2, to 2 through information transmission units 4, and the CBTC signal is transmitted through the wayside radio sets
6,106 .
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ABSTRACT

A ground device capable of detecting the position of each train even when trains
with on-board devices for train control systems of respectively different types
mounted thereon travel through the same line (zone), and transmitting a train control
signal to each train, is provided. A ground device 1 receives a train detection signal
(TD signal) from a train with an ATC/TD on-board device mounted thereon through
loop coils 24 to 2, and receives a train position signal from a train with a CBTC on-
board device mounted thereon through wayside radio sets 64 to 6,. Based on the
input train detection signal and train position signal, the ground device 1 detects the
position of each train traveling on a route R, generates control information on each
train based on the detected position of each train, and converts the control
iInformation to an ATC signal and a CBTC signal. The ATC signal 1s transmitted to
the loop coils 24 to 2, through information transmission units 4, and the CBTC signal

Is transmitted through the wayside radio sets 64 to 6,.
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DESCRIPTION

GROUND DEVICE FOR TRAIN CONTROL SYSTEM

TECHNICAL FIELD
[0001]

The present invention relates to a train control system, and particularly to a
ground device that transmits train control information to an on-board device mounted

on a train to control the speed and the like of the train.

BACKGROUND ART
[(0002]

Train control systems are configured such that an on-board device mounted
on a train controls the speed and the like of the train based on a train control signal
received from a ground device to ensure the safe traveling of the train. As such train

control systems, various systems have been conventionally proposed.

CITATION LIST

PATENT DOCUMENTS
[0003]

Patent Document 1. Japanese Laid-Open Patent Applicatin Publication No. 2010-
36803

Patent Document 2. Japanese Laid-Open Patent Application Publication No. 2008-
162548

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
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[0004]

Conventionally, one train control system has been applied to one train line
(zone), and trains on which on-board devices for train control systems of respectively
different types are mounted have not been able to travel on a route within the same
train line (zone). This is because the structure for detecting the position of a train,
the kind of train position information, and the like are different depending on the type
of train control system, and train position information and the like cannot be shared
between train control systems of different types. This is also because an on-board
device can receive a train control signal only from a ground device for a train control
system of the same type and hence safe traveling within a train line (zone) cannot
be ensured.

[0005]

With the development of railroad networks, the need to permit trains on
which on-board devices for train control systems of respectively different types are
mounted to enter part of a train line or a specific zone may arise. However, itis
difficult for the conventional techniques to meet such a need.

[0006]

Furthermore, when an existing system is changed to a new system, there is
a need to achieve a balance between commercial operations by the existing system
and the adjustment of the new system during the transition. Therefore, upon
changing the system, after a ground device for the new system is installed, an on-
board device for the new system must be added to trains with an on-board device tor
the existing system mounted thereon, and after the completion of the adjustment of
the new system, the on-board device for the existing system must be removed. In
other words, the vehicles need to be altered at least twice, and this requires much

time and effort at system change.

[0007]



The present invention has been made in view of such situations, and it is an object
thereof to provide a ground device capable of detecting the position of each train in the same
train line (zone) even when trains travel through the train line (zone), where on-board devices
for train control systems of respectively different types are mounted on the trains, and
transmitting a train control signal to each train.

Means for solving the Problems
[0008]

According to one aspect of the present invention a ground device that transmits a train
control signal for a train to an on-board device mounted on the train, comprises an input unit
capable of inputting first train position information and second train position information different
in kind from each other; a processing unit that detects a position of each of one or more trains
traveling on a route based on the input first train position information and second train position
Information, generates control information on each of the trains based on the detected position
of each of the trains, and converts the generated control information to a first train control signal
and a second train control signal different in kind from each other; and a transmitting unit that

transmits the first train control signal and the second train control signal to each of the trains.

EFFECT OF THE INVENTION
[0009]

The ground device mentioned above inputs first train position information and second
train position information different in kind from each other, detects the position of each train
traveling within a specific zone, generates control information on each train based on the
detected position of the each train, coverts the control information to a first train control signal
and a second train control signal different in kind from each other, and transmits the first train
control signal and the second train control signal. This allows trains with on-board devices for

train control systems

-3 -

CA 2850488 2017-08-28



CA 02850488 2014-03-28

AS1262-CA

different from each other mounted thereon to travel safely within the specific zone.
[0010]

Furthermore, the ground device mentioned above is used upon changing a
train control system to another, and this avoids the need to alter the trains or
reduces the number of alterations, reducing time and effort significantly at system

change compared with the conventional one.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

FIG. 11s a diagram illustratingan example of a ground device according to
an embodiment of the present invention.

FIG. 2 Is a diagram illustrating a train traveling on a route to which the
ground device according to the embodiment is applied, and a structural example of
an on-board device thereof.

FIG. 3 is a diagram illustrating another train traveling on the route to which
the ground device according to the embodiment is applied, and another structural
example of an on-board device thereof.

FIG. 4 1s a block diagram illustrating the configuration of a control unit in the

ground device according to the embodiment.

FIG. 5 is a diagram for describing processing performed by the control unit.

MODE FOR CARRYING OUT THE INVENTION
[0012)

First, a summary of the present invention will be described.
The present invention provides a novel ground device for train control
systems. The ground device according to the present invention allows trains to

travel safely through the same train line or zone, where on-board devices for train
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control systems of respectively different types and/or using different kinds of signals
are mounted on the trains.
[0013]

An ehbodiment of the present invention will be described below with
reference to the accompanying drawings.

FIG. 1 illustrates an example of a ground device according to the
embodiment of the present invention. This ground device 1 is applied to a route R
that permits the traveling of a train on which an on-board device for an ATC/TD
system (hereinafter called "ATC/TD on-board device”) for performing train control by
a fixed block system is mounted and the traveling of a train on which an on-board
device for a CBTC system (hereinafter called "CBTC on-board device”) for
performing train control by a moving block system using radio.

[0014]

As illustrated in FIG. 1, a ground device 1 includes multiple loop coils 24 to
2m, train detection units 3 and information transmission units 4, each of which is
connected to each of the loop coils, multiple ground cotis 5, multiple wayside radio
sets 64 t0 6,, and a control unit 7.

[0015]

The loop colls 24 to 2, are installed along a route R to correspond to

respective multiple fixed sections B1 to Bm obtained by dividing the route R. Here,

though loop colls are used, track circuits may be used instead of the loop colls.
[0016]

Each of the train detection units 3 detects whether a train is present on rails
In a corresponding fixed section based on a train detection signal (TD signal)
transmitted from the train traveling on the route R to a corresponding loop coil. The
detection result of each of the train detection units 3, i.e., the presence or absence of

an on-rail train in each fixed section is output to the control unit 7.
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When track circuits are used instead of the loop coills, for example, the train
detection unit 3 iIs made up of a transmission unit that transmits signal current for
train detection to each of the track circuits and a receiving unit that receives the
signal current, to detect the presence of an on-rail train based on the signal current.
[0017]

Each of the information transmission units 4 is controlled by the control unit
7 to transmit a train control signal (hereinafter simply called "ATC signal”) including
stop section information indicative of a section (any of fixed sections B1 to Bm) in
which the train is to stop to one or more corresponding loop coils. The stop section
information and the ATC signal will be descnbed later.

[0018]

Each of the ground coils 5 is installed near the border between adjacent
fixed sections (or loop coils) along the route R. The ground coil 5 is, for example,
made up of a transponder, and electromagnetically coupled to an on-board coil of a
train traveling on the route R to transmit and receive signals. In the embodiment, the
ground coil 5 transmits a signal (hereinafter simply called “position signal”) including
position information indicative of a position on the route R to the on-board coil of the
train.

10019]

Each of the wayside radio sets 64 to 6, are installed at predetermined
intervals along the route R. Like the ground coil 5, each of the wayside radio sets 6,
to 6, may be installed near the border between adjacent fixed sections (or loop coils).
Each of the wayside radio sets 64 to 6, has an antenna to transmit and receive radio
signals to and from a vehicle radio set of a train traveling on the route R. Each of the
wayside radio sets 61 to 6, receives a train position signal (radio signal) indicative of
the position of the train from the vehicle radio set of the train, and outputs the

received train position signal to the control unit 7. Furthermore, each of the wayside
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radio sets 61 to 6, Is controlled by the control unit 7 to transmit a train control signal
(hereinafter simply called “CBTC signal’) including stop limit information indicative of
a imit, to which the train can travel, to the vehicle radio set. The stop limit
information indicates a stop position at which the train is to stop, which includes a
position that can ensure a safe distance (interval) from the preceding train, for
example. This safe distance can be set appropriately according to the conditions of
the route R, and the like. The stop limit information and the CBTC signal will be
described later.

[0020]

Each of the wayside radio sets 64 to 6, performs radio communication with
adjacent wayside radio sets to enabie the transmission of information while rélaying
the information. The interval between wayside radio sets just has to be set so that
each other's signal transmission ranges will overlap, but the wayside radio sets are
preferably installed at an interval capable of transmitting the signal up to the wayside
radio set after the next.

[0021]

The detection result of each of the train detection units 3 and the train
position signal received by each of the wayside radio sets 64 t0 6, are input to the
control unit 7, and based on the input information, the control unit 7 detects the
position of each train traveling on the route R. The control unit 7 generates control
iInformation on each train based on the detected position of each train. Then, the
control unit 7 converts the generated control information to the ATC signal and
outputs the ATC signal to each of the information transmission units 4, while the
control unit 7 converts the generated control information to the CBTC signal and
outputs the CBTC signal to each of the wayside radio sets 64 to 6,,, The details of
processing performed by the control unit 7 will be described later (see FIG. 4).

0022]
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Here, trains traveling on the route R will be described.

FIGS. 2 and 3 illustrate trains traveling on the route R to which the ground
device 1 1s applied, and structural examples of on-board devices thereof. FIG. 2
illustrates a train 10 on which an ATC/TD on-board device is mounted, and FIG. 3
llustrates a train 20 on which a CBTC on-board device is mounted.

[0023]

As lllustrated in FIG. 2, an ATC/TD on-board device 11 is mounted on the
train 10. This ATC/TD on-board device 11 includes ATC/TD antennas 12a and 12b,
an on-board coil 13, and an ATC control unit 14.

[0024]

The ATC/TD antennas 12a and 12b are provided in front and rear bottom
portions of the train 10. The ATC/TD antennas 12a and 12b are electromagnetically
coupled to one or more corresponding loop coils of ground-side loop colls 24 to 2, to
receive the ATC signal from the corresponding loop colls and to transmit for
example, a train head signal and a train tail signal as the TD signals to the
corresponding loop coils. Here, the ATC signal is generally received by an ATC/TD
antenna located on the front side in the traveling direction of the train 10.

The on-board colil 13 is provided in a bottom portion of the train 10, and

electromagnetically coupled to each of the ground colls 5 to receive the position

signal from the ground coil 5.

[0025]

The ATC signal and the position signal are input to the ATC control unit 14,
and speed information on the train 10 is input to the ATC control unit 14 from a
speed generator (speed detector) 15 attached to a wheel of the train 10. The ATC
control unit 14 detects the position and speed of the train 10 based on position
information included in the position signal and the speed information. Then, the ATC

control unit 14 creates a speed check pattern based on the detected position and
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speed of the train 10, stop section information included in the ATC signal, the brake
performance of the train 10, and the like, to perform brake control based on the
speed check pattern in order to control the speed of the train 10.

[0026]

Furthermore, as lllustrated in FIG. 3, a CBTC on-board device 21 is
mounted on the train 20. This CBTC on-board device 21 includes vehicle radio sets
22a and 22b, an on-board coil 13, and a CBTC control unit 23.

[0027]

Each of the vehicle radio sets 22a and 22b has an antenna provided on the
top of the train 20 to receive the CBTC signal from each of the wayside radio sets 6;
to 6,. Furthermore, the vehicle radio set 22a, 22b sends the position of the train 20
detected by the CBTC control unit 23 toward the wayside radio sets 64 to 6, as the
train position signal. Here, the vehicle radio set 22a installed in a front portion of the
train 20 and the vehicle radio set 22b installed in a rear portion of the train 20 can
transmit and receive radio signals to and from different wayside radio sets,
respectively.

The on-board coll 13 is provided in a bottom portion of the train 20, and
electromagnetically coupled to each of the ground coils 5 to receive the position

signal from the ground coil 5.

[0028]
The CBTC signal and the position signal are input to the CBTC control unit
23, and speed information on the train 20 is input to the CBTC control unit 23 from
the speed generator (speed detector) 15 attached to a wheel of the train 20. The
CBTC control unit 23 detects the position and speed of the train 20 based on
position information included in the position signal and the speed information. The
position of the train 20 can also be calculated based on the signal propagation time

between each of the vehicle radio sets 22a, 22b and each of the wayside radio sets
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61 to 6,. Then, the CBTC control unit 23 outputs the detected position of the train 20
to the vehicle radio sets 22a and 22b, and creates a speed check pattern based on
the detected position and speed of the train 20, stop limit information included in the
CBTC signal, the brake performance of the train 20, and the like, to perform brake
control based on the speed check pattern in order to control the speed of the train 20.
[0029]

Next, the configuration of the control unit 7 in the ground device 1 and
processing performed by the control unit 7 will be described.

FIG. 4 is a block diagram illustrating the configuration of the control unit 7 in
the ground device 1 according to the embodiment.

As illustrated in FIG. 4, the control unit 7 in the ground device 1 includes an
on-rail section detecting unit 71, a control information generating unit 72, and an
information/signal conversion unit 73.

[0030]

The on-rail section detecting unit 71 detects an on-rail section of a train on
the route R based on the detection result of each train detection unit 3 and the train
position signal received by each of the wayside radio sets 61 to 6,. The on-rail
section detected by this on-rail section detecting unit 71 is either one of the fixed

sections B1 to Bm or a section smaller than the fixed section depending on the train
(more specifically, the on-board device mounted on the train).

[0031]

For example, as illustrated in FIG. 5A, when the train 10 with the ATC/TD
on-board device mounted thereon Is present in the fixed section B3, a train detection
unit 3 connected to a loop coils 2; detects that the train 10 is present on rails in the

fixed section B3, and the detection result is output to the control unit 7. In this case,

the on-rail section detecting unit 71 detects the whole of the fixed section B3 as the

on-rail section.

-10 -
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[0032]

On the other hand, as illustrated in FIG. 5B, when the train 20 with the
CBTC on-board device mounted thereon is present in the fixed section B3, the
position of the train 20, i.e., a train position signal indicative of a specific position of
~ the train 20 in the fixed section B3 is received by a wayside radio set 6; and/or a
wayside radio set 63, and this train position signal is output to the control unit 7. In
this case, the on-rail section detecting unit 71 detects, as the on-rail section, a
section S (< fixed section B3) determined based, for example, on the position of the
train 20, the length Lt of the train 20, and a preset given length (margin distance) Ls,
rather than the whole of the fixed section B3. The given length (margin distance) Ls
may be added only to the rear side of the train 20. Unlike the fixed sections B1 to
Bm, this section S moves depending on the position of the train 20.

Here, the on-rail section detecting unit 61 determines the section S based
on train position signals transmitted from the vehicle radio sets, but the vehicle radio
sets may transmit information indicative of the section S by radio instead of or in
addition to the train position signals.

[0033]

The control information generating unit 72 generates two pieces of train
control information based on the on-rail section detected by the on-rail section
detecting unit. One is the stop section information and the other is the stop limit
information. For example, when the whole of the fixed section B3 is detected as the
on-rail section of the train 10 (see FIG. 5A), the control information generating unit
72 generates, as train control information for a train that follows the train 10, the stop
section information indicating, as a stop section of the following train, a fixed section
B2 located behind the fixed section B3 in the traveling direction of the train, and
generates the stop limit information indicating, as a stop limit (stop position) of the

following train, a rear position apart from the rear end of the fixed section B3 by a

-11 -
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safe distance.

When the train 10 exists across the border between the fixed section B2 and
the fixed section B3, for example, the control information generating unit 72
generates the stop section information indicating, as the stop section of the following
train, a fixed section B1 located behind the fixed section B2, and generates the stop
limit information indicating, as the stop limit (stop position) of the following train, a
rear position apart from the rear end of the fixed section B2 by a safe distance.
[0034]

On the other hand, when the section S smaller than the fixed section B3 is
detected as the on-rail section of the train 20 (see FIG. 5B), the control information
generating unit 72 generates, as train control information for a train that foliows the
train 20, the stop section information indicating, as the stop section of the following
train, the fixed section B2 located behind the fixed section B3 including the section S
in the traveling direction of the train, and generates the stop limit information
indicating, as the stop limit (stop position) of the following train, a rear position apart
from the rear end Sr of the section S by a safe distance.

When the train 20 exists across the border between the fixed section B2 and
the fixed section B3, the rear end Sr of the section S is located in the fixed section

B2. In this case, the stop section information indicating, as the stop section of the

following train, the fixed section B1 located behind the fixed section B2 is generated,
and the stop limit information indicating, as the stop limit (stop position) of the
following train, a rear position apart from the rear end Sr of the section S by a safe
distance Is generated.
[0035]

The information/signal conversion unit 73 converts train control information
generated by the control information generating unit 72, i.e., the stop section

iInformation and the stop limit information, into different kinds of signals, respectively.

-12 -
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Specifically, the stop section information is converted to a signal in a form capable of
being received by the ATC/TD antennas 12a and 12b on the train side through the
loop colls 21 to 2. On the other hand, the stop limit information is converted to a .
radio signal capable of being transmitted and received between the wayside radio
sets 61 to 6, and the vehicle radio sets 22a and 22b. Since these signal forms are
known, the description thereof will be omitted.

[0036]

Then, the information/signal conversion unit 73 sets the signal obtained by
converting the stop section information as the ATC signal and outputs the signal to
an information transmission unit connected to intended loop coils as the train control
signal for the train that follows the train 10 or the train 20, and sets the signal
obtained by converting the stop limit information as the CBTC signal and outputs the
signal to intended wayside radio sets as the train control signal for the train that
follows the train 10 or the train 20.

[0037]

Thus, even when the train traveling on the route R is either of the train 10
with the ATC/TD on-board device mounted thereon and the train 20 with the CBTC
on-board device mounted thereon, the on-board device of the train feceives the train

control signal for the train to perform appropriate speed control and the like.

[0038]
Although the case where the train 10 with the ATC/TD on-board device

mounted thereon or the train 20 with the CBTC on-board device mounted thereon

exists within the fixed section B3 and the case where the train exists across the
border between the fixed section B2 and the fixed section B3 have been described,
the same applies to a case where the train 10 or the train 20 exists in any other fixed
section and a case where the train is located across the border between other two

fixed sections.

-13 -



CA 02850488 2014-03-28

AS51262-CA

[0039]

According to the ground device 1 of the embodiment, even when the train
10 with the ATC/TD on-board device mounted thereon and the train 20 with the
CBTC on-board device mounted thereon coexist on the route R, the position of each
train on the route R can be detected. Then, the ground device 1 generates control
iInformation on each train based on the detected position of each train, converts the
generated control information to a signal in a form capable of being received by the
ATC/TD antennas and the vehicle radio sets, respectively, and transmits the signal
This allows both the train 10 with the ATC/TD on-board device mounted thereon and
the train 20 with the CBTC on-board device mounted thereon to travel safely on the
route R.
[0040]

Furthermore, for example, when the train control system for a train line
(zone) employing the ATC/TD system is changed to the CBTC system, if the ground
device according to the embodiment is applied to a route of the train line (zone), a
balance between commercial operations of trains with the ATC/TD on-board device
mounted thereon and the adjustment of the CBTC system by trains with the CBTC
on-board device mounted thereon can be achieved. This avoids the need to make

the alteration of the vehicle twice as in the conventional manner, reducing time and

effort significantly at system change.

[0041]
In the embodiment described above, the train detection signal (TD signal)

and/or the detection result of each train detection unit 3 and the train position signal
correspond to “train position information” of the present invention, the stop section
information and the stop limit information correspond to “train control information” of
the present invention, the ATC signal and the CBTC signal correspond to “train

control signal” of the present invention, and the fixed sections B1 to Bm correspond

- 14 -
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to "detection sections” of the present invention. Furthermore, the control unit 7
functions as “processing unit” of the present invention.
[0042]

The above has described the ground device applied to a route on which a
train with the ATC/TD on-board device mounted thereon and a train with the CBTC
on-board device mounted thereon travel. However, the present invention is not
imited thereto.

For example, it may be desired to permit a train with an on-board device for
a first CBTC system (hereinafter called “first CBTC on-board device”) mounted
thereon and a train with an on-board device for a second CBTC system (hereinafter
called "second CBTC on-board device”) using radio different from the first CBTC
system (for example, radio signal different in frequency band) to travel through the
same zone. In such a case, after wayside radio sets for the first CBTC system and
wayside radio sets for the second CBTC system are installed along a route in the
zone, It is only necessary for the control unit 7 to perform the foliowing processing.
[0043]

The on-rail section detecting unit 71 detects an on-rail section of the train
with the first CBTC on-board device mounted thereon based on a train position
signal received by each of the wayside radio sets for the first CBTC system, and
detects an on-rail section of the train on the route with the second CBTC on-board
device mounted thereon based on a train position signal received by each of the
wayside radio sets for the second CBTC system. Each on-rail section detected in
this case Is a section corresponding to the section S mentioned above.

[0044]

The control information generating unit 72 generates control information on

each train based on the on-rail section detected by the on-rail section detecting unit.

The control information in this case generates the stop limit information in which a

- 15 -
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rear position apart by a safe distance from the rear end of the on-rail section
detected by the on-rail section detecting unit 71 is set as the stop limit (stop position)
of a train that follows the train located in the on-rail section.

[0045]

The information/signal conversion unit 73 converts train control information
generated by the control information generating unit 72, i.e., the stop limit
information, into two radio signals of different kinds. One is a radio signal in a first
frequency band used in the first CBTC system, and the other is a radio signal in a
second frequency band used in the second CBTC system.

[0046]

Then, as train control signals for a train that follows the train located in the
on-rail section, the information/signal conversion unit 73 outputs the radio signal in
the first frequency band to intended wayside radio sets for the first CBTC system,
and outputs the radio signal in the second frequency band to intended wayside radio
sets for the second CBTC system.

[0047]

Thus, even when the train traveling on the route is either of the train with the

first CBTC on-board device mounted thereon and the train with the second CBTC

on-board device mounted thereon, where the second CBTC on-board device uses

radio different from the first CBTC on-board device, the on-board device of the train

receives the train control signal for the train to perform appropriate speed control and

the like.
[0048]

While the embodiment of the present invention and the modifications thereof
have been described, the present invention is not limited thereto. Of course, further
modifications and changes are possible based on the technical ideas of the present

invention.

- 16 -



CA 02850488 2014-03-28

REFERENCE SIGNS LIST
[0049]

R... route

21 {0 2m... loop coll

3... train detection unit

4... information transmission unit
5... ground coill

61 10 6n... wayside radio set
/... control unit

10... train

11... ATC/TD on-board device
12a, 12b... ATC/TD antenna
13... on-board coll

14... control unit

20... train

21... CBTC on-board device
22a, 22b... vehicle radio set

71... on-rail section detecting unit
7/2... control iInformation generating unit

73... iInformation/signal conversion unit
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CLAIMS

1. A ground device that transmits a train control signal for a train to an on-board device
mounted on the train, comprising:

an input unit capable of inputting first train position information and second train
position information different in kind from each other;

a processing unit that detects a position of each of one or more trains traveling on a
route based on the input first train position information and second train position
information, generates control information on each of the trains based on the detected
position of each of the trains, and converts the generated control information to a first train
control signal and a second train control signal different in kind from each other; and

a transmitting unit that transmits the first train control signal and the second train

control signal to each of the trains.

2. The ground device according to claim 1, wherein
the first train position information i1s information indicating that a train is present on
rails in each detection section obtained by dividing the route into a plurality of sections, and
the second train position information is information indicative of the position of a train
on the route or information indicating that a train is present on rails in a section smaller than

the detection section.

3. The ground device according to claim 1, wherein

the first train position information is information detected through loop coils or track
circuits provided on the route, and

the second train position information is information transmitted from the onboard
device by radio and received by any one of wayside radio sets which are installed along the

route.
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4. The ground device according to claim 3, wherein

the first train control signal is a signal including the control information indicating that
any of the detection sections is set as a stop section in which the train is to stop, and the
signal is transmitted through the loop coils or the track circuits, and

the second train control signal is a signal including the control information indicating

that a stop limit, to which the train can travel, is set as a stop position, the signal being
transmitted as a radio signal by any one of the wayside radio sets.

S5, The ground device according to claim 1, wherein
the first train position information is information for performing train control by a fixed

block system, and

the second train position information is information for performing train control by a

moving block system.

6. The ground device according to claim 1, wherein '
the first train position information and the second train position information are
pieces of information transmitted from the on-board device by radio in different frequency
bands, and received by any one of wayside radio sets which are installed along the route,
the first train control signal is a signal transmitted from the transmitting unit as a
radio signal in a frequency band corresponding to the first train position information, and
the second train control signal is a signal transmitted from the transmitting unit as a

radio sighal in a frequency band corresponding to the second train position information.
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