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DESCRIPTION 

 

TRAIN PRESENCE DETECTION APPARATUS 

 

Field 5 

[0001] The present invention relates to a train pre sence 

detection apparatus that determines whether a train  is 

present in a designated section. 

 

Background 10 

[0002] There is known a conventional technique for 

detecting whether a train is present in a specific section.  

In order to detect the presence of a train, it is n ecessary 

to specify a position where the train is present.  As a 

technique for specifying a position where a train i s 15 

present, there is disclosed a train that includes a  train 

position specifying unit that specifies an absolute  

position of the train using wireless communication.   (See, 

for example, Patent Literature 1). 

 20 

Citation List 

Patent Literature 

[0003] Patent Literature 1: Japanese Patent Applica tion 

Laid-open No. 2003-306146 

 25 

Summary 

Technical Problem 

[0004] In a line section formed in a loop, however,  when 

a section is designated by two different end points , two 

designated sections are assumed.  Consequently, eve n when 30 

an absolute position of a train is determined as in  Patent 

Literature 1, it is impossible to determine whether  the 

train is present in the designated section, which i s a 
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problem. 

[0005] The present invention has been made to solve  the 

above-described problem, and an object thereof is t o 

provide a train presence detection apparatus capabl e of 

determining whether a train is present in a designa ted 5 

section designated in a line section formed in a lo op. 

 

Solution to Problem 

[0006] In order to achieve the above object, a trai n 

presence detection apparatus according to an aspect  of the 10 

present invention includes: an information acquisit ion unit 

to acquire position information on a first end poin t and a 

second end point located in a first line section fo rmed in 

a loop and virtual block presence/absence informati on 

indicative of whether a virtual block indicating a specific 15 

position in the first line section is included in a  

designated section that is any of a first section a nd a 

second section in which the first end point and the  second 

end point are located at both ends; a designated se ction 

determination unit to determine which of the first section 20 

and the second section is the designated section on  a basis 

of the position information on the first end point and the 

second end point and the virtual block presence/abs ence 

information acquired by the information acquisition  unit; 

and a presence determination unit to determine whet her a 25 

train is present in the designated section determin ed by 

the designated section determination unit. 

 

Advantageous Effects of Invention 

[0007] The train presence detection apparatus accor ding 30 

to an aspect of the present invention includes: an 

information acquisition unit to acquire position 

information on a first end point and a second end p oint 
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located in a first line section formed in a loop an d 

virtual block presence/absence information indicati ve of 

whether a virtual block indicating a specific posit ion in 

the first line section is included in a designated section 

that is any of a first section and a second section  in 5 

which the first end point and the second end point are 

located at both ends; a designated section determin ation 

unit to determine which of the first section and th e second 

section is the designated section on a basis of the  

position information on the first end point and the  second 10 

end point and the virtual block presence/absence 

information acquired by the information acquisition  unit; 

and a presence determination unit to determine whet her a 

train is present in the designated section determin ed by 

the designated section determination unit.  Consequ ently, 15 

it is possible to determine the designated section 

designated in the first line section formed in a lo op and 

to determine whether a train is present in the desi gnated 

section. 

 20 

Brief Description of Drawings 

[0008] FIG. 1 is a block diagram illustrating an ex ample 

of a configuration of a train presence detection ap paratus 

according to a first embodiment of the present inve ntion. 

 FIG. 2 is a diagram illustrating examples of block s 25 

and a virtual block set in a first line section for med in a 

loop. 

 FIG. 3 is a diagram illustrating a state in which the 

first line section formed in a loop illustrated in FIG. 2 

is one-dimensionally expressed. 30 

 FIG. 4 is a diagram illustrating an example of a c ase 

where the side that includes the virtual block is a  

designated section. 
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 FIG. 5 is a diagram illustrating an example of a c ase 

where the side that does not include the virtual bl ock is a 

designated section. 

 FIG. 6 is a diagram illustrating an example of a b lock 

sequence of the designated section illustrated in F IG. 4. 5 

 FIG. 7 is a diagram illustrating an example of a b lock 

sequence of the designated section illustrated in F IG. 5. 

 FIG. 8 is a flowchart illustrating an example of a  

flow of processes performed by the train presence d etection 

apparatus according to the first embodiment of the present 10 

invention. 

 FIG. 9 is a diagram illustrating an example of a 

hardware configuration that implements the train pr esence 

detection apparatus illustrated in FIG. 1. 

 FIG. 10 is a block diagram illustrating another 15 

example of the configuration of the train presence 

detection apparatus according to the first embodime nt of 

the present invention. 

 FIG. 11 is a block diagram illustrating an example  of 

a configuration of a train presence detection appar atus 20 

according to a second embodiment of the present inv ention. 

 FIG. 12 is a diagram illustrating an example of a data 

configuration including virtual block presence/abse nce 

information stored in a sensor information database . 

 FIG. 13 is a block diagram illustrating another 25 

example of the configuration of the train presence 

detection apparatus according to the second embodim ent of 

the present invention. 

 FIG. 14 is a block diagram illustrating still anot her 

example of the configuration of the train presence 30 

detection apparatus according to the second embodim ent of 

the present invention. 

 FIG. 15 is a diagram illustrating an example of th e 
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virtual block in a case where a second line section  formed 

in a loop is connected adjacent to the first line s ection. 

 FIG. 16 is a block diagram illustrating an example  of 

a configuration of a train presence detection appar atus 

according to a third embodiment of the present inve ntion. 5 

 FIG. 17 is a diagram illustrating examples of bloc ks 

set in the first line section formed in a loop and 

direction information. 

 FIG. 18 is a diagram illustrating an example of a case 

where the designated section is located in a clockw ise 10 

direction from the first end point to the second en d point. 

 FIG. 19 is a diagram illustrating an example of a case 

where the designated section is located in a 

counterclockwise direction from the first end point  to the 

second end point. 15 

 FIG. 20 is a flowchart illustrating an example of a 

flow of processes performed by the train presence d etection 

apparatus according to the third embodiment of the present 

invention. 

 FIG. 21 is a block diagram illustrating an example  of 20 

a configuration of a train presence detection appar atus 

according to a fourth embodiment of the present inv ention. 

 FIG. 22 is a diagram illustrating an example of a data 

configuration including direction information store d in the 

sensor information database. 25 

 FIG. 23 is a block diagram illustrating another 

example of the configuration of the train presence 

detection apparatus according to the fourth embodim ent of 

the present invention. 

 FIG. 24 is a block diagram illustrating an example  of 30 

a configuration of a train presence detection appar atus 

according to a fifth embodiment of the present inve ntion. 

 FIG. 25 is a diagram illustrating an example of a 
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configuration in which a third line section, throug h which 

a train can enter the first line section, is connec ted to 

the first line section. 

 FIG. 26 is a flowchart illustrating an example of a 

flow of processes performed by the train presence d etection 5 

apparatus according to the fifth embodiment of the present 

invention. 

 

Description of Embodiments 

[0009] Hereinafter, embodiments of a train presence  10 

detection apparatus according to the present invent ion will 

be described with reference to the drawings. 

[0010] First Embodiment. 

 FIG. 1 is a block diagram illustrating an example of a 

configuration of a train presence detection apparat us 1 15 

according to a first embodiment.  As illustrated in  FIG. 1, 

the train presence detection apparatus 1 includes a n input 

reception unit 2 that receives input of information ; an 

information acquisition unit 3 that acquires variou s types 

of information; a designated section determination unit 4 20 

that determines, on the basis of the information ac quired 

by the information acquisition unit 3, a designated  section 

designated in a loop line section L1 that is a firs t line 

section formed in a loop; a presence determination unit 5 

that determines whether a train 20 is present in th e 25 

designated section determined by the designated sec tion 

determination unit 4; an approach determination uni t 6 that 

determines whether the train 20 is approaching the 

designated section; a train control unit 7 that gen erates 

train control information for controlling the train  20 30 

traveling in the loop line section L1; and a track database 

8 that stores route information that is information  on a 

route on which the train 20 travels.  In the presen t 
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embodiment, an example will be described in which t he train 

presence detection apparatus 1 is configured from a  ground 

apparatus 10 that performs wireless communication w ith the 

train 20 via a ground wireless apparatus 9.  Howeve r, the 

train presence detection apparatus 1 of the present  5 

invention is not limited thereto, and may be config ured to 

include an on-board apparatus 21 included in the tr ain 20 

as described later or the ground apparatus 10 and t he on-

board apparatus 21. 

[0011] The input reception unit 2 is used for recei ving 10 

information input by an operator, for example.  The  input 

reception unit 2 includes, for example, a mouse, a keyboard, 

and a touch panel, and the operator inputs various types of 

information, operation commands, and the like.  In order to 

designate a designated section in the loop line sec tion L1, 15 

the input reception unit 2 receives input of positi on 

information on a first end point P1 and a second en d point 

P2 located at both ends of the designated section a nd 

virtual block presence/absence information that ind icates 

whether a virtual block VB indicating a specific po sition 20 

in the loop line section L1 is included in the desi gnated 

section.  The input reception unit 2 outputs, to th e 

information acquisition unit 3, the received positi on 

information on the first end point P1 and the secon d end 

point P2 and the received virtual block presence/ab sence 25 

information.  The designated section is, for exampl e, a 

temporary speed limit section that is a section in which 

the train 20 needs to be decelerated to a temporary  speed 

limit or a train protection section that is a secti on in 

which entry of the train 20 needs to be prohibited.  30 

[0012] FIG. 2 is a diagram illustrating examples of  

blocks and a virtual block set in the first line se ction 

formed in a loop.  FIG. 3 is a diagram illustrating  a state 
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in which the first line section formed in a loop 

illustrated in FIG. 2 is one-dimensionally expresse d.  FIG. 

4 is a diagram illustrating an example of a case wh ere the 

side that includes the virtual block is a designate d 

section.  FIGS. 2 and 3 illustrate a virtual block VB and 5 

multiple divided blocks [B1001] to [B1010] that are  set in 

the loop line section L1.  Information on such bloc ks 

[B1001] to [B1010] and the virtual block VB is stor ed, for 

example, in the track database 8.  In FIG. 2, numer als in 

balloons attached to reference points of the blocks  [B1001] 10 

to [B1010] on the loop line section L1 indicate kil ometrage 

at the reference points of the blocks [B1001] to [B 1010].  

The position information on the first end point P1 and the 

second end point P2 is expressed, for example, by a  block 

number and an intra-block position.  For example, a s 15 

illustrated in FIG. 4, the position information 

(kilometrage) on the first end point P1 is expresse d as 240 

obtained by adding 40 that is a coordinate value at  the 

intra-block position in the block [B1003] to 200 th at is 

kilometrage (coordinate value) at a reference point  of the 20 

block [B1003].  The position information (kilometra ge) on 

the second end point P2 is expressed as 800 obtaine d by 

adding 0 that is a coordinate value at the intra-bl ock 

position in the block [B1009] to 800 that is a coor dinate 

value at a reference of the block [B1009].  FIG. 2 25 

illustrates an example in which a coordinate value is set 

such that it decreases when the train 20 travels in  a 

clockwise direction and increases when the train 20  travels 

in a counterclockwise direction.  Since all the blo cks 

[B1001] to [B1010] have a length of “100” in FIG. 2 , the 30 

block [B1001] has a coordinate value of 0 to 100, t he block 

[B1002] has a coordinate value of 100 to 200, the b lock 

[B1003] has a coordinate value of 200 to 300, the b lock 
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[B1004] has a coordinate value of 300 to 400, the b lock 

[B1005] has a coordinate value of 400 to 500, the b lock 

[B1006] has a coordinate value of 500 to 600, the b lock 

[B1007] has a coordinate value of 600 to 700, the b lock 

[B1008] has a coordinate value of 700 to 800, the b lock 5 

[B1009] has a coordinate value of 800 to 900, and t he block 

[B1010] has a coordinate value of 900 to 0 in the 

illustrated example.  The coordinate of a terminati ng end 

of each block and the coordinate of a starting end of a 

block adjacent thereto indicate the same position.  The way 10 

of setting blocks is not limited to the above.  Alt hough a 

coordinate value is set such that it decreases when  the 

train 20 travels in the clockwise direction and inc reases 

when the train 20 travels in the counterclockwise d irection 

in FIG. 2, there is no limitation thereto.  The coo rdinate 15 

value may be set such that it increases when the tr ain 20 

travels in the clockwise direction and decreases wh en the 

train 20 travels in the counterclockwise direction.  

[0013] The virtual block VB is a point that indicat es a 

specific position in the loop line section L1.  The  virtual 20 

block VB indicates, for example, a predetermined fi xed 

position in the loop line section L1, and in the pr esent 

embodiment, as illustrated in FIG. 2, the virtual b lock VB 

is set at a position of a kilometrage of 0, which i s a 

connection point between a start point and an end p oint of 25 

the loop line section L1.  The position where the v irtual 

block VB is set is not limited to the connection po int 

between the start point and the end point of the lo op line 

section L1, and the virtual block VB may be set at any 

position in the loop line section L1 as long as pos ition 30 

information is known in advance.  In addition, the position 

information on the first end point P1 and the secon d end 

point P2 is not designated as a coordinate value of  the 
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virtual block VB.  That is, the first end point P1,  the 

second end point P2, and the virtual block VB are a ll set 

to have different coordinate values.  When it is de sired to 

designate either the first end point P1 or the seco nd end 

point P2 as the coordinate value of the virtual blo ck VB, 5 

the position information on the first end point P1 or the 

second end point P2 may be designated such that the  virtual 

block VB is included in the designated section with  

allowance.  The virtual block presence/absence info rmation 

is information that indicates whether a virtual blo ck is 10 

included in a designated section that is any of a f irst 

section A1 and a second section A2 illustrated in F IG. 2 in 

which the first end point P1 and the second end poi nt P2 

are located at both ends. 

[0014] As illustrated in FIG. 1, the information 15 

acquisition unit 3 acquires the position informatio n on the 

first end point P1 and the second end point P2 and the 

virtual block presence/absence information that are  input 

information received by the input reception unit 2.   The 

information acquisition unit 3 outputs the position  20 

information on the first end point P1 and the secon d end 

point P2 and the virtual block presence/absence inf ormation 

thus acquired to the designated section determinati on unit 

4.  In addition, the information acquisition unit 3  

acquires, from the track database 8, route informat ion that 25 

indicates a route on which the train 20 travels.  T he 

information acquisition unit 3 outputs, for example , the 

acquired route information to the approach determin ation 

unit 6.  The route information includes information  on a 

traveling section of the train 20 and information o n a 30 

traveling direction (clockwise or counterclockwise 

direction) of the train 20, and is expressed, for e xample, 

by a block number.  A route R1011, which is an exam ple of 
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the route information illustrated in FIG. 3, repres ents 

route information in accordance with which the trai n 20 

travels the blocks [B1001], [B1002], and [B1003] in  this 

order (counterclockwise direction).  Although the p resent 

embodiment indicates an example in which the track database 5 

8 is provided in the ground apparatus 10, the track  

database 8 may be provided outside the ground appar atus 10.  

In addition, the information acquisition unit 3 acq uires 

presence position information on the train 20 from the 

train 20 via an on-board wireless apparatus 22 and the 10 

ground wireless apparatus 9.  The information acqui sition 

unit 3 outputs the acquired presence position infor mation 

on the train 20 to the presence determination unit 5.  

Although only one train 20 is illustrated in FIG. 1 , 

actually, there are a plurality of trains 20 that t ravel in 15 

the loop line section L1, and the information acqui sition 

unit 3 acquires the presence position information f rom each 

train 20 as well as a train ID for identifying each  train 

20.  Although the present embodiment indicates the example 

in which the information acquisition unit 3 acquire s 20 

information from the train 20 via the ground wirele ss 

apparatus 9, there is no limitation thereto, and th e 

information acquisition unit 3 may be configured to  acquire 

information via a wired connection. 

[0015] The designated section determination unit 4 25 

determines which of the first section A1 and the se cond 

section A2 is the designated section on the basis o f the 

position information on the first end point P1 and the 

second end point P2 and the virtual block presence/ absence 

information acquired by the information acquisition  unit 3.  30 

Only with the position information on the first end  point 

P1 and the second end point P2 indicating the posit ions of 

both ends of the designated section, it is impossib le to 
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determine which of the first section A1 and the sec ond 

section A2 is the designated section as illustrated  in FIG. 

2.  Therefore, the virtual block presence/absence 

information that is information indicating whether the 

virtual block VB is included in the designated sect ion is 5 

used in the train presence detection apparatus 1 ac cording 

to the present invention.  Thus, when information 

indicating that the designated section includes the  virtual 

block VB is acquired as the virtual block presence/ absence 

information, for example, the designated section 10 

determination unit 4 determines, as illustrated in FIG. 4, 

that the first section A1 that is the side that inc ludes 

the virtual block VB is the designated section.  FI G. 5 is 

a diagram illustrating an example of a case where t he side 

that does not include the virtual block is the desi gnated 15 

section.  When information indicating that the desi gnated 

section does not include the virtual block VB is ac quired 

as the virtual block presence/absence information, the 

designated section determination unit 4 determines,  as 

illustrated in FIG. 5, that the second section A2 t hat is 20 

the side that does not include the virtual block VB  is the 

designated section.  FIG. 6 is a diagram illustrati ng an 

example of a block sequence of the designated secti on 

illustrated in FIG. 4.  FIG. 7 is a diagram illustr ating an 

example of a block sequence of the designated secti on 25 

illustrated in FIG. 5.  When the designated section  is 

determined, the designated section determination un it 4 

generates a block sequence of a section (designated  

section) between two points that are the first end point P1 

and the second end point P2, as illustrated in each  of FIGS. 30 

6 and 7. 

[0016] The presence determination unit 5 determines  

whether the train 20 traveling in the loop line sec tion L1 
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is present in the designated section determined by the 

designated section determination unit 4.  The prese nce 

determination unit 5 determines whether the train 2 0 is 

present in the designated section on the basis of t he 

presence position information on the train 20 acqui red by 5 

the information acquisition unit 3 and the informat ion on 

the designated section determined by the designated  section 

determination unit 4. 

[0017] The presence position information is informa tion 

on the position of the train 20 in the loop line se ction L1, 10 

and is expressed, for example, by a block number an d an 

intra-block position similarly to the position info rmation 

on the first end point P1 and the second end point P2.  

Although not illustrated in detail, for example, wh en the 

train 20 passes a ground coil installed at a starti ng end 15 

of each of the blocks [B1001] to [B1010] set in the  loop 

line section L1, a pickup coil in the train 20 dete cts 

ground coil information.  The ground coil informati on is 

received as pickup coil information in the on-board  

apparatus 21 included in the train 20.  The on-boar d 20 

apparatus 21 detects the position of the ground coi l by the 

pickup coil information, uses an absolute position of the 

ground coil as a reference position, and calculates  a 

travel distance from the reference position, for ex ample, 

on the basis of speed information detected by a rat e 25 

generator attached to an axle, thereby obtaining an  intra-

block position that is a position of the train 20 i n a 

block.  Thus, the on-board apparatus 21 can obtain the 

presence position information on the train 20 to wh ich the 

on-board apparatus 21 belongs.  The ground coil is not 30 

limited to being installed at the starting end of e ach of 

the blocks [B1001] to [B1010].  There may be cases where 

the ground coil is installed at a fixed-distance in terval, 
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where one ground coil is installed every multiple b locks, 

or where the ground coil is installed at a position  other 

than the starting end of each of the blocks.  The m ethod 

for obtaining the presence position information on the 

train 20 is not limited to the above, and a convent ionally 5 

known method can be used. 

[0018] The on-board apparatus 21 adds the presence 

position information on the train 20 and the inform ation on 

the traveling direction of the train 20 to informat ion on a 

train ID for identifying the train 20 to which the on-board 10 

apparatus 21 belongs, for example, and outputs the above 

pieces of information to the on-board wireless appa ratus 22.  

The on-board wireless apparatus 22 transmits inform ation 

including the presence position information on the train 20 

received from the on-board apparatus 21 to the grou nd 15 

wireless apparatus 9.  The ground wireless apparatu s 9 

transmits information including the presence positi on 

information on the train 20 received from the on-bo ard 

wireless apparatus 22 to the information acquisitio n unit 3 

of the train presence detection apparatus 1 (ground  20 

apparatus 10).  Thus, the information acquisition u nit 3 

acquires the presence position information from the  train 

20 via the ground wireless apparatus 9.  In the tra in 20, 

the pickup coil that detects ground coil informatio n is 

provided on both a lead vehicle and a tail vehicle,  and 25 

thereby a front end position and a rear end positio n of the 

train 20 can be obtained.  In addition, one of the front 

end position and the rear end position of the train  20 may 

be obtained by providing the pickup coil to one of the lead 

and tail vehicles of the train 20, and the other of  the 30 

front end position and the rear end position may be  

obtained by performing calculation using the train length. 

[0019] For example, when the designated section 
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determination unit 4 determines that the first sect ion A1 

illustrated in FIG. 2 is the designated section as 

illustrated in FIG. 4, the presence determination u nit 5 

determines whether the presence position (kilometra ge) of 

the train 20 is included in the block sequence of t he 5 

designated section (first section A1), thereby dete rmining 

whether the train 20 is present in the designated s ection.  

More specifically, the presence determination unit 5 

determines whether kilometrage at either the front end 

position or the rear end position of the train 20 i s less 10 

than or equal to kilometrage (240) at the position of the 

first end point P1 of the designated section A1 or greater 

than or equal to kilometrage (800) at the position of the 

second end point P2 thereof, and when the kilometra ge at 

either the front end position or the rear end posit ion of 15 

the train 20 is determined to be less than or equal  to the 

kilometrage (240) at the position of the first end point P1 

of the designated section A1 or greater than or equ al to 

the kilometrage (800) at the position of the second  end 

point P2 thereof, the presence determination unit 5  20 

determines that the train 20 is present in the desi gnated 

section A1. 

[0020] When the presence determination unit 5 deter mines 

that the train 20 is not present in the designated section, 

the approach determination unit 6 determines whethe r the 25 

distance from the train 20 to a starting end point is 

within a specific range, the starting end point bei ng any 

of the first end point P1 and the second end point P2 that 

is closer to the train 20 in the traveling directio n of the 

train 20.  Even in a case where the train 20 is not  present 30 

in the designated section, when the designated sect ion is 

the temporary speed limit section or the train prot ection 

section, there may be a case where it is necessary to 
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reduce the traveling speed of the train 20 or to st op the 

train 20 when the train 20 approaches the designate d 

section.  Therefore, the approach determination uni t 6 

determines whether the train 20 is approaching the 

designated section. 5 

[0021] For example, on the basis of the route 

information that indicates a route on which the tra in 20 

travels, the approach determination unit 6 determin es 

whether the distance from the train 20 to the start ing end 

point is within a specific range, the starting end point 10 

being an end point of the designated section closer  to the 

train 20 in the traveling direction.  The approach 

determination unit 6 determines whether the startin g end 

point of the designated section is included in the route on 

which the train 20 travels, the route being indicat ed by 15 

the route information, and when the starting end po int of 

the designated section is included in the route on which 

the train 20 travels, the approach determination un it 6 

determines that the train 20 is approaching the des ignated 

section.  For example, as illustrated in FIG. 4, a train 20 

20b is not present in the designated section A1.  H owever, 

the train 20b is present in the block [B1004], and the 

route information in accordance with which the trai n 20b 

travels is a route R1018 and indicates a travel rou te from 

kilometrage (500) at a position of a terminating en d of the 25 

block [B1005] to kilometrage (200) at a position of  a 

starting end of the block [B1003] in the clockwise 

direction.  Therefore, the approach determination u nit 6 

determines that the route R1018 of the train 20b in cludes 

the first end point P1 (kilometrage is 240) that is  a 30 

starting end point of the designated section A1, an d the 

train 20b is determined to be approaching the desig nated 

section.  On the other hand, a train 20c is present  in the 
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block [B1006], and the route information in accorda nce with 

which the train 20c travels is a route R1017 and in dicates 

a travel route from kilometrage (700) at a position  of a 

terminating end of the block [B1007] to kilometrage  (400) 

at a position of a starting end of the block [B1005 ] in the 5 

clockwise direction, as illustrated in FIG. 3.  The refore, 

the approach determination unit 6 determines that t he route 

R1017 of the train 20c does not include the first e nd point 

P1 (kilometrage is 240) that is the starting end po int of 

the designated section A1, and the train 20c is det ermined 10 

to be not approaching the designated section.  The method 

for determining by the approach determination unit 6 

whether the train 20 is approaching the designated section 

is not limited to a method based on the route infor mation.  

For example, whether the train 20 is approaching th e 15 

designated section may be determined by calculating  the 

distance from the front end position of the train 2 0 to the 

starting end point of the designated section and 

determining whether the distance falls in a specifi c 

distance range set depending on the types of the de signated 20 

section or the like. 

[0022] The train control unit 7 generates train con trol 

information for controlling the train 20.  The trai n 

control information generated by the train control unit 7 

is transmitted to the train 20 via the ground wirel ess 25 

apparatus 9.  In the train 20, the on-board wireles s 

apparatus 22 receives the train control information  sent 

from the ground wireless apparatus 9, and the on-bo ard 

wireless apparatus 22 outputs the train control inf ormation 

to the on-board apparatus 21.  The on-board apparat us 21 30 

performs control of travel and the like of the trai n 20 on 

the basis of the train control information received  from 

the on-board wireless apparatus 22.  The train cont rol 
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information includes, for example, temporary speed control 

information for decelerating the train 20 to a temp orary 

speed limit and train protection information indica ting an 

entry prohibited section for the train 20.  The tra in 

control unit 7 generates train control information on the 5 

basis of the determination result of the presence 

determination unit 5 or the approach determination unit 6.  

When it is determined by the presence determination  unit 5 

that the train 20 is present in the designated sect ion or 

it is determined by the approach determination unit  6 that 10 

the train 20 is approaching the designated section,  the 

train control unit 7 generates train control inform ation 

for performing travel control such that the traveli ng speed 

of the train 20 is reduced to a specific speed or l ower or 

train control information for stopping the train 20 , for 15 

example, depending on the types of the designated s ection. 

[0023] FIG. 8 is a flowchart illustrating an exampl e of 

a flow of processes performed by the train presence  

detection apparatus 1 according to the first embodi ment of 

the present invention.  Hereinafter, the flow of pr ocesses 20 

performed by the train presence detection apparatus  1 will 

be described with reference to the flowchart of FIG . 8.  In 

the train presence detection apparatus 1 according to the 

present embodiment, as illustrated in FIG. 8, the 

information acquisition unit 3 first determines whe ther the 25 

position information on the first end point P1 and the 

second end point P2 and the virtual block presence/ absence 

information, which are input information received b y the 

input reception unit 2, have been acquired (S101).  When 

the information acquisition unit 3 determines that the 30 

position information on the first end point P1 and the 

second end point P2 and the virtual block presence/ absence 

information have not been acquired (S101: No), the 
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information acquisition unit 3 again determines whe ther the 

position information on the first end point P1 and the 

second end point P2 and the virtual block presence/ absence 

information have been acquired (S101).  That is, th e 

information acquisition unit 3 repeats the determin ation of 5 

S101 until the position information on the first en d point 

P1 and the second end point P2 and the virtual bloc k 

presence/absence information are acquired.  When th e 

information acquisition unit 3 determines that the position 

information on the first end point P1 and the secon d end 10 

point P2 and the virtual block presence/absence inf ormation 

have been acquired (S101: Yes), the information acq uisition 

unit 3 outputs the position information on the firs t end 

point P1 and the second end point P2 and the virtua l block 

presence/absence information thus acquired to the 15 

designated section determination unit 4. 

[0024] On the basis of the position information on the 

first end point P1 and the second end point P2 and the 

virtual block presence/absence information received  from 

the information acquisition unit 3, the designated section 20 

determination unit 4 determines which of the first section 

A1 and the second section A2 in which the first end  point 

P1 and the second end point P2 are located at both ends is 

the designated section, and generates a block seque nce 

indicating the section (designated section) between  two 25 

points that are the first end point P1 and the seco nd end 

point P2 (S102). 

[0025] The presence determination unit 5 determines  

whether the front end position or the rear end posi tion of 

the train 20 is included in the block sequence of t he 30 

designated section on the basis of the presence pos ition 

information on the train 20 acquired by the informa tion 

acquisition unit 3 and information on the designate d 
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section determined by the designated section determ ination 

unit 4 (S103).  For example, as illustrated in FIG.  4, when 

the designated section determination unit 4 determi nes that 

the first section A1 illustrated in FIG. 2 is the 

designated section, the presence determination unit  5 first 5 

determines whether kilometrage at the front end pos ition of 

the train 20 is less than or equal to the kilometra ge (240) 

at the position of the first end point P1 of the de signated 

section A1 or greater than or equal to the kilometr age 

(800) at the position of the second end point P2 th ereof.  10 

When the presence determination unit 5 determines t hat the 

kilometrage at the front end position of the train 20 is 

less than or equal to the kilometrage (240) at the position 

of the first end point P1 of the designated section  A1 or 

greater than or equal to the kilometrage (800) at t he 15 

position of the second end point P2 thereof (S103: Yes), 

the presence determination unit 5 determines that t he train 

20 is present in the designated section A1 (S104), and ends 

the presence detection process performed by the tra in 

presence detection apparatus 1.  That is, as illust rated in 20 

FIG. 4, a train 20a present in the block [B1002] wh ose 

kilometrage is 100 to 200 is determined by the pres ence 

determination unit 5 to be present in the designate d 

section A1. 

[0026] On the other hand, when the presence 25 

determination unit 5 determines that the kilometrag e at the 

front end position of the train 20 is not less than  or 

equal to the kilometrage (240) at the position of t he first 

end point P1 of the designated section A1 and not g reater 

than or equal to the kilometrage (800) at the posit ion of 30 

the second end point P2 thereof, the presence deter mination 

unit 5 next determines whether the kilometrage at t he rear 

end position of the train 20 is less than or equal to the 
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kilometrage (240) at the position of the first end point P1 

of the designated section A1 or greater than or equ al to 

the kilometrage (800) at the position of the second  end 

point P2 thereof.  When the presence determination unit 5 

determines that the kilometrage at the rear end pos ition of 5 

the train 20 is less than or equal to the kilometra ge (240) 

at the position of the first end point P1 of the de signated 

section A1 or greater than or equal to the kilometr age 

(800) at the position of the second end point P2 th ereof 

(S103: Yes), the presence determination unit 5 dete rmines 10 

that the train 20 is present in the designated sect ion 

(S104), and ends the presence detection process per formed 

by the train presence detection apparatus 1.  Howev er, when 

the presence determination unit 5 determines that t he 

kilometrage at the rear end position of the train 2 0 is not 15 

less than or equal to the kilometrage (240) at the position 

of the first end point P1 of the designated section  A1 and 

not greater than or equal to the kilometrage (800) at the 

position of the second end point P2 thereof, that i s, when 

the presence determination unit 5 determines that n either 20 

the kilometrage at the front end position of the tr ain 20 

nor that at the rear end position thereof is includ ed in 

the designated section A1 (S103: No), the presence 

determination unit 5 determines that the train 20 i s not 

present in the designated section (S105).  That is,  as 25 

illustrated in FIG. 4, the train 20b present in the  block 

[B1004] whose kilometrage is 300 to 400 and the tra in 20c 

present in the block [B1006] whose kilometrage is 5 00 to 

600 are determined by the presence determination un it 5 not 

to be present in the designated section A1. 30 

[0027] When the presence determination unit 5 deter mines 

that the train 20 is not present in the designated section 

(S105), then the approach determination unit 6 dete rmines 
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whether the starting end point that is an end point  of the 

designated section closer to the train 20 in the tr aveling 

direction of the train 20 is included in the route on which 

the train 20 travels, the route being indicated by the 

route information (S106).  For example, when the tr ain 20b 5 

is present in the block [B1004] as in illustrated i n FIG. 4, 

the route information in accordance with which the train 

20b travels is the route R1018 and indicates a trav el route 

from the kilometrage (500) at the position of the 

terminating end of the block [B1005] to the kilomet rage 10 

(200) at the position of the starting end of the bl ock 

[B1003] in the clockwise direction, and therefore, the 

approach determination unit 6 determines that the f irst end 

point P1 (kilometrage is 240) that is the starting end 

point of the designated section A1 is included in t he route 15 

R1018 of the train 20b (S106: Yes).  Then, the appr oach 

determination unit 6 determines that the train 20b is 

approaching the designated section A1 (S107), and e nds the 

presence detection process performed by the train p resence 

detection apparatus 1. 20 

[0028] On the other hand, for example, when the tra in 

20c is present in the block [B1006] as in illustrat ed in 

FIG. 4, the route information in accordance with wh ich the 

train 20c travels is the route R1017 and indicates a travel 

route from the kilometrage (700) at the position of  the 25 

terminating end of the block [B1007] to the kilomet rage 

(400) at the position of the starting end of the bl ock 

[B1005] in the clockwise direction as illustrated i n FIG. 3, 

and therefore, the approach determination unit 6 de termines 

that the first end point P1 (kilometrage is 240) th at is 30 

the starting end point of the designated section A1  is not 

included in the route R1017 of the train 20c (S106:  No).  

Then, the approach determination unit 6 determines that the 
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train 20c is not approaching the designated section  A1 

(S107), and ends the presence detection process per formed 

by the train presence detection apparatus 1. 

[0029] In the present embodiment described above, t he 

train presence detection apparatus 1 (ground appara tus 10) 5 

includes a processor, a storage circuit, a receiver , and a 

transmitter, and each operation can be implemented by 

software.  FIG. 9 is a diagram illustrating an exam ple of a 

hardware configuration that implements the train pr esence 

detection apparatus 1 illustrated in FIG. 1.  The t rain 10 

presence detection apparatus 1 illustrated in FIG. 9 

includes a processor 101, a storage circuit 102, a receiver 

103, a transmitter 104, and an input unit 105.  The  

processor 101 uses received information to perform 

calculation and control by software, and the storag e 15 

circuit 102 stores received information or informat ion and 

software necessary for the processor 101 to perform  

calculation and control.  The receiver 103 is an in terface 

for receiving information from the outside.  The 

transmitter 104 is an interface for transmitting 20 

information to the outside.  The input unit 105 is an input 

interface for receiving input of various types of 

information.  A plurality of individual processors 101, 

storage circuits 102, receivers 103, transmitters 1 04, and 

input units 105 may be provided.  The input recepti on unit 25 

2 illustrated in FIG. 1 is realized by the input un it 105.  

The information acquisition unit 3 is implemented b y the 

processor 101 and the receiver 103.  The designated  section 

determination unit 4, the presence determination un it 5, 

and the approach determination unit 6 are implement ed by 30 

the processor 101.  The train control unit 7 is imp lemented 

by the processor 101 and the transmitter 104.  The track 

database 8 is implemented by the storage circuit 10 2. 
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[0030] The train presence detection apparatus 1 

according to the first embodiment of the present in vention 

includes the information acquisition unit 3 that ac quires 

position information on the first end point P1 and the 

second end point P2 located in the loop line sectio n L1 and 5 

virtual block presence/absence information that ind icates 

whether the virtual block VB indicating a specific position 

in the loop line section L1 is included in a design ated 

section that is any of the first section A1 and the  second 

section A2 in which the first end point P1 and the second 10 

end point P2 are located at both ends; the designat ed 

section determination unit 4 that determines which of the 

first section A1 and the second section A2 is the 

designated section on the basis of the position inf ormation 

on the first end point P1 and the second end point P2 and 15 

the virtual block presence/absence information acqu ired by 

the information acquisition unit 3; and the presenc e 

determination unit 5 that determines whether the tr ain 20 

is present in the designated section determined by the 

designated section determination unit 4.  Consequen tly, it 20 

is possible to determine the designated section des ignated 

in the loop line section L1 and to determine whethe r the 

train 20 is present in the designated section. 

[0031] The train presence detection apparatus 1 

according to the first embodiment of the present in vention 25 

includes the input reception unit 2 that receives i nput of 

the position information on the first end point P1 and the 

second end point P2 and the virtual block presence/ absence 

information, and the information acquisition unit 3  

acquires the position information on the first end point P1 30 

and the second end point P2 and the virtual block 

presence/absence information received by the input 

reception unit 2.  Consequently, it is possible to acquire 
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information on an appropriate designated section in  

accordance with a situation. 

[0032] According to the train presence detection 

apparatus 1 of the first embodiment of the present 

invention, the input reception unit 2 is provided i n the 5 

ground apparatus 10 that performs wireless communic ation 

with the train 20.  Consequently, it is possible to  input 

information on an appropriate designated section in  

accordance with a situation in the loop line sectio n L1. 

[0033] The train presence detection apparatus 1 10 

according to the first embodiment of the present in vention 

includes the approach determination unit 6 that, wh en the 

presence determination unit 5 determines that the t rain 20 

is not present in the designated section, determine s 

whether the distance from the train 20 to a startin g end 15 

point is within a specific range, the starting end point 

being any of the first end point P1 and the second end 

point P2 that is closer to the train 20 in the trav eling 

direction of the train 20.  Consequently, even in a  case 

where the train 20 is not present in the designated  section, 20 

when the designated section is the temporary speed limit 

section or the train protection section, it is poss ible to 

determine whether the train 20 is approaching the 

designated section. 

[0034] In the present embodiment, the description o f the 25 

train presence detection apparatus 1 is given by ta king the 

example in which the train presence detection appar atus 1 

is configured from the ground apparatus 10 that per forms 

wireless communication with the train 20 via the gr ound 

wireless apparatus 9, but there is no limitation th ereto.  30 

FIG. 10 is a block diagram illustrating another exa mple of 

the configuration of the train presence detection a pparatus 

according to the first embodiment of the present in vention.  
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As illustrated in FIG. 10, the on-board apparatus 2 1 

included in the train 20 may be configured as the t rain 

presence detection apparatus 1.  Regarding configur ations 

and the like similar to those of the train presence  

detection apparatus 1 illustrated in FIG. 1, same r eference 5 

numerals are given thereto, and detailed descriptio ns 

thereof will be omitted. 

[0035] The train presence detection apparatus 1 

illustrated in FIG. 10 includes a presence position  

calculation unit 11 that acquires presence position  10 

information on the train 20, in addition to the inp ut 

reception unit 2 that receives input of information , the 

information acquisition unit 3 that acquires variou s types 

of information, the designated section determinatio n unit 4 

that determines a designated section designated in the loop 15 

line section L1 on the basis of the information acq uired by 

the information acquisition unit 3, the presence 

determination unit 5 that determines whether the tr ain 20 

is present in the designated section determined by the 

designated section determination unit 4, the approa ch 20 

determination unit 6 that determines whether the tr ain 20 

is approaching the designated section, the train co ntrol 

unit 7 that generates train control information for  

controlling the train 20 traveling in the loop line  section 

L1, and the track database 8 that stores route info rmation 25 

that is information on a route on which the train 2 0 

travels. 

[0036] For example, when the train 20 passes the gr ound 

coil installed at the starting end of each of the b locks 

[B1001] to [B1010] set in the loop line section L, the 30 

presence position calculation unit 11 receives grou nd coil 

information detected by the pickup coil in the trai n 20 as 

pickup coil information, detects the position of th e ground 
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coil by the pickup coil information, uses an absolu te 

position of the ground coil as a reference position , 

calculates a travel distance from the reference pos ition, 

for example, on the basis of speed information dete cted by 

a rate generator attached to an axle, and obtains a n intra-5 

block position that is a position of the train 20 i n a 

block, thereby calculating presence position inform ation on 

the train 20 to which the presence position calcula tion 

unit 11 belongs.  The presence position calculation  unit 11 

outputs the calculated presence position informatio n on the 10 

train 20 to the information acquisition unit 3. 

[0037] Although not illustrated in detail, the trai n 

presence detection apparatus 1 may be configured as  a train 

control system including the ground apparatus 10 an d the 

on-board apparatus 21.  When the train presence det ection 15 

apparatus 1 is configured as the train control syst em 

including the ground apparatus 10 and the on-board 

apparatus 21, a configuration may be employed in wh ich, for 

example, the ground apparatus 10 has functions of t he input 

reception unit 2, the information acquisition unit 3, and 20 

the designated section determination unit 4, and th e on-

board apparatus 10 has functions of the presence 

determination unit 5, the approach determination un it 6, 

the train control unit 7, the track database 8, and  the 

presence position calculation unit 11.  In such a c ase, in 25 

the train presence detection apparatus 1, the input  

reception unit 2 of the ground apparatus 10 receive s input 

of the position information on the first end point P1 and 

the second end point P2 located at both ends of the  

designated section and the virtual block presence/a bsence 30 

information that indicates whether the virtual bloc k VB 

indicating a specific position in the loop line sec tion is 

included in the designated section, and outputs the  above 
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pieces of information to the information acquisitio n unit 3.  

The information acquisition unit 3 acquires the pos ition 

information on the first end point P1 and the secon d end 

point P2 and the virtual block presence/absence inf ormation 

that are input information received by the input re ception 5 

unit 2, and outputs the above pieces of information  to the 

designated section determination unit 4.  On the ba sis of 

the position information on the first end point P1 and the 

second end point P2 and the virtual block presence/ absence 

information acquired by the information acquisition  unit 3, 10 

the designated section determination unit 4 determi nes 

which of the first section A1 and the second sectio n A2 is 

the designated section, generates a block sequence of the 

section (designated section) between two points tha t are 

the first end point P1 and the second end point P2,  as 15 

illustrated in each of FIGS. 6 and 7, and transmits  the 

block sequence to the on-board apparatus 21 via the  ground 

wireless apparatus 9.  When the on-board apparatus 21 

receives, via the on-board wireless apparatus 22, 

information on the block sequence indicating the de signated 20 

section generated by the designated section determi nation 

unit 4, the presence determination unit 5 may deter mine 

whether the train 20 is present in the designated s ection 

by determining whether the presence position of the  train 

20 is included in the block sequence indicating the  25 

designated section. 

[0038] Second Embodiment. 

 Next, a train presence detection apparatus 1a 

according to a second embodiment of the present inv ention 

will be described.  FIG. 11 is a block diagram illu strating 30 

an example of a configuration of the train presence  

detection apparatus according to the second embodim ent of 

the present invention.  As illustrated in FIG. 11, the 
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train presence detection apparatus 1a includes, ins tead of 

the input reception unit 2 included in the train pr esence 

detection apparatus 1 illustrated in FIG. 1 accordi ng to 

the first embodiment, a sensor 12 that detects a st ate in 

the loop line section L or around the loop line sec tion L 5 

and a sensor information database 13.  Regarding 

configurations and the like similar to those of the  train 

presence detection apparatus 1 according to the fir st 

embodiment of the present invention, same reference  

numerals are given thereto, and detailed descriptio ns 10 

thereof will be omitted. 

[0039] Multiple sensors 12 are installed at specifi c 

intervals in the loop line section L1 or around the  loop 

line section L1, for example, and each sensor 12 de tects a 

state in the loop line section L1 or around the loo p line 15 

section L1.  Examples of sensors usable as the sens ors 12 

include a wind speed sensor that detects a wind spe ed 

around the loop line section L1, a rock fall detect ion 

sensor that detects occurrence of a rock fall on a slope or 

the like along the loop line section L1, a seismic sensor 20 

that detects occurrence of an earthquake in an area  around 

the position of the loop line section L1, a liquid level 

sensor that detects the height or the like of the w ater 

surface of a river that the loop line section L1 cr osses or 

a river along the loop line section L1, and various  types 25 

of weather sensors that detect the amounts of snowf all, 

rainfall, and the like in the loop line section L1 or 

around the loop line section L1.  When any sensor 1 2 

detects a specific state for which travel control o f the 

train 20 needs to be performed, the sensor 12 trans mits, to 30 

the information acquisition unit 3 via the ground w ireless 

apparatus 9, its own sensor ID the sensor 12 has.  An 

example of the specific state when the sensor 12 is  a wind 
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speed sensor is a state in which wind is blowing at  a speed 

higher than a predetermined wind speed. 

[0040] FIG. 12 is a diagram illustrating an example  of a 

data configuration including the virtual block 

presence/absence information stored in the sensor 5 

information database.  For example, as illustrated in FIG. 

12, the sensor information database 13 stores, in 

association with the sensor ID, the position inform ation on 

the first end point P1 and the second end point P2 located 

at both ends of the designated section and the virt ual 10 

block presence/absence information indicating wheth er the 

virtual block VB is included in the designated sect ion.  In 

the train presence detection apparatus 1a, when the  sensor 

12 detects a specific state and when the informatio n 

acquisition unit 3 receives the sensor ID from the sensor 15 

12, the information acquisition unit 3 accesses the  sensor 

information database 13 on the basis of the receive d sensor 

ID, and acquires the position information on the fi rst end 

point P1 and the second end point P2 and the virtua l block 

presence/absence information indicating whether the  virtual 20 

block VB is included in the designated section, whe re the 

position information and the virtual block presence /absence 

information correspond to the received sensor ID.  Thus, 

the train presence detection apparatus 1a can deter mine the 

designated section by the designated section determ ination 25 

unit 4 similarly to the train presence detection ap paratus 

1 illustrated in FIG. 1.  The position information on the 

first end point P1 and the second end point P2 is n ot 

designated as a coordinate value of the virtual blo ck VB, 

similarly to the train presence detection apparatus  1 30 

according to the first embodiment.  That is, the fi rst end 

point P1, the second end point P2, and the virtual block VB 

are all set to have different coordinate values.  W hen it 
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is desired to designate either the first end point P1 or 

the second end point P2 as the coordinate value of the 

virtual block VB, the position information on the f irst end 

point P1 or the second end point P2 may be stored s uch that 

the virtual block VB is included in the designated section 5 

with allowance.  Although only one sensor 12 is ill ustrated 

in FIG. 11, multiple sensors 12 are installed at sp ecific 

intervals in the loop line section L1 or around the  loop 

line section L1, and different types of multiple se nsors 12 

may be installed in accordance with a situation of a place 10 

where the loop line section L1 passes.  FIG. 11 ill ustrates 

the example in which the sensor information databas e 13 is 

provided in the ground apparatus 10, but the sensor  

information database 13 may be provided outside the  ground 

apparatus 10.  Although FIG. 11 illustrates the exa mple in 15 

which the information acquisition unit 3 acquires 

information from the sensor 12 via the ground wirel ess 

apparatus 9, there is no limitation thereto, and th e 

information acquisition unit 3 may be configured to  acquire 

information via a wired connection.  Components fro m which 20 

the information acquisition unit 3 acquires the pos ition 

information on the first end point P1 and the secon d end 

point P2 and the virtual block presence/absence inf ormation 

are not limited to the input reception unit 2 and t he 

sensor information database 13, and the information  25 

acquisition unit 3 may be configured to acquire the  above 

pieces of information from another device or the li ke. 

[0041] The train presence detection apparatus 1a 

according to the second embodiment of the present i nvention 

includes the sensors 12 each of which detects a sta te in 30 

the loop line section L1 or around the loop line se ction L1 

and the sensor information database 13 that stores,  in 

association with an ID each sensor 12 has, the posi tion 
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information on the first end point of P1 and the se cond end 

point P2 and the virtual block presence/absence inf ormation.  

When any sensor 12 detects a specific state, the 

information acquisition unit 3 acquires the positio n 

information on the first end point P1 and the secon d end 5 

point P2 and the virtual block presence/absence inf ormation 

from the sensor information database 13 on the basi s of the 

ID the sensor 12 has.  Consequently, it is possible  to 

determine the designated section efficiently in acc ordance 

with a state in the loop line section L1 or around the loop 10 

line section L1 detected by the sensor 12. 

[0042] FIG. 13 is a block diagram illustrating anot her 

example of the configuration of the train presence 

detection apparatus according to the second embodim ent of 

the present invention.  Similarly to the train pres ence 15 

detection apparatus 1 according to the first embodi ment, 

the train presence detection apparatus 1a according  to the 

second embodiment may also be configured to include  the 

sensor information database 13 in the on-board appa ratus 21 

included in the train, as illustrated in FIG. 13, i n 20 

addition to the input reception unit 2, the informa tion 

acquisition unit 3, the designated section determin ation 

unit 4, the presence determination unit 5, the appr oach 

determination unit 6, the train control unit 7, the  track 

database 8, and the presence position calculation u nit 11.  25 

In the train presence detection apparatus 1a illust rated in 

FIG. 13, when the sensor 12 detects a specific stat e for 

which travel control of the train 20 needs to be pe rformed, 

the sensor 12 transmits its own sensor ID the senso r 12 has 

to the on-board wireless apparatus 22 via the groun d 30 

wireless apparatus 9, and the on-board wireless app aratus 

22 transmits the sensor ID to the information acqui sition 

unit 3.  Then, the information acquisition unit 3 a ccesses 



Docket No. PMAA-19081-US,DE,IN,SG Status: Final 

 

33  

the sensor information database 13 on the basis of the 

received sensor ID, and acquires the position infor mation 

on the first end point P1 and the second end point P2 and 

the virtual block presence/absence information indi cating 

whether the virtual block VB is included in the des ignated 5 

section, where the position information and the vir tual 

block presence/absence information correspond to th e 

received sensor ID.  Thus, the train presence detec tion 

apparatus 1a illustrated in FIG. 13 can determine t he 

designated section by the designated section determ ination 10 

unit 4.  Although not illustrated in detail, the tr ain 

presence detection apparatus 1a may also be configu red as a 

train control system including the ground apparatus  10 and 

the on-board apparatus 21 similarly to the train pr esence 

detection apparatus 1 according to the first embodi ment. 15 

[0043] FIG. 14 is a block diagram illustrating stil l 

another example of the configuration of the train p resence 

detection apparatus according to the second embodim ent of 

the present invention.  In the train presence detec tion 

apparatus 1a illustrated in FIG. 14, for example, t he 20 

sensor 12 has stored in advance the position inform ation on 

the first end point P1, the position information on  the 

second end point P2, and the virtual block presence /absence 

information in a storage unit (not illustrated), an d is 

configured to transmit the position information on the 25 

first end point P1 and the second end point P2 and the 

virtual block presence/absence information to the 

information acquisition unit 3 via the ground wirel ess 

apparatus 9 when a specific state is detected.  Thu s, in 

the train presence detection apparatus 1a illustrat ed in 30 

FIG. 14, although the ground apparatus 10 does not include 

the sensor information database 13, the information  

acquisition unit 3 can acquire the position informa tion on 
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the first end point P1 and the second end point P2 and the 

virtual block presence/absence information. 

[0044] FIG. 15 is a diagram illustrating an example  of a 

virtual block in a case where a loop line section L 2, which 

is a second line section formed in a loop, is conne cted 5 

adjacent to the loop line section L1.  Although FIG . 2 

illustrates the example in which the virtual block VB is 

set in one loop line section L1, for example, as 

illustrated in FIG. 15, when the loop line sections  L1 and 

L2 different from each other are adjacently connect ed, the 10 

virtual block VB may be set at a connection point w here the 

loop line sections L1 and L2 are connected.  Thus, the loop 

line section L1 and the loop line section L2 can sh are and 

use the virtual block VB, and thereby the number of  virtual 

blocks VB can be reduced by one as compared with a case 15 

where the virtual block VB is provided in each of t he loop 

line section L1 and the loop line section L2, which  is 

efficient. 

[0045] Third Embodiment. 

 Next, a train presence detection apparatus 1b 20 

according to a third embodiment of the present inve ntion 

will be described.  FIG. 16 is a block diagram illu strating 

an example of a configuration of the train presence  

detection apparatus according to the third embodime nt of 

the present invention.  FIG. 17 is a diagram illust rating 25 

examples of blocks set in the first line section fo rmed in 

a loop and direction information.  In the train pre sence 

detection apparatus 1a according to the third embod iment of 

the present invention, as illustrated in FIGS. 16 a nd 17, 

the input reception unit 2 receives input of the po sition 30 

information on the first end point P1 and the secon d end 

point P2 located in the loop line section L1, and i nput of 

the direction information for indicating in which d irection 
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(clockwise or counterclockwise direction) from the first 

end point (starting end) P1 to the second end point  

(terminating end) P2 the designated section is loca ted, the 

designated section being any of the first section A 1 and 

the second section A2 in which the first end point P1 and 5 

the second end point P2 are located at both ends, a nd the 

information acquisition unit 3 acquires the positio n 

information on the first end point P1 and the secon d end 

point P2 and the direction information received by the 

input reception unit 2.  Regarding configurations a nd the 10 

like similar to those of the train presence detecti on 

apparatus 1 according to the first embodiment of th e 

present invention, same reference numerals are give n 

thereto, and detailed descriptions thereof will be omitted. 

[0046] In the train presence detection apparatus 1b , the 15 

designated section determination unit 4 determines which of 

the first section A1 and the second section A2 is t he 

designated section on the basis of the position inf ormation 

on the first end point P1 and the second end point P2 and 

the direction information acquired by the informati on 20 

acquisition unit 3.  It is impossible to determine which of 

the first section A1 and the second section A2 is t he 

designated section only with the position informati on on 

the first end point P1 and the second end point P2 

indicating the positions of both ends of the design ated 25 

section, as illustrated in FIG. 17.  Therefore, the  train 

presence detection apparatus 1b uses the direction 

information for indicating in which direction (cloc kwise or 

counterclockwise direction) from the first end poin t P1 to 

the second end point P2 the designated section is l ocated.  30 

FIG. 18 is a diagram illustrating an example of a c ase 

where the designated section is located in a clockw ise 

direction from the first end point to the second en d point.  
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FIG. 19 is a diagram illustrating an example of a c ase 

where the designated section is located in a 

counterclockwise direction from the first end point  to the 

second end point.  For example, when the designated  section 

determination unit 4 acquires, as the direction inf ormation, 5 

information indicating that the designated section is 

located in the clockwise direction from the first e nd point 

P1 to the second end point P2, as illustrated in FI G. 18, 

the designated section determination unit 4 determi nes that 

the first section A1 that is located in the clockwi se 10 

direction from the first end point P1 to the second  end 

point P2 is the designated section.  Alternatively,  when 

the designated section determination unit 4 acquire s, as 

the direction information, information indicating t hat the 

designated section is located in the counterclockwi se 15 

direction from the first end point P1 to the second  end 

point P2, as illustrated in FIG. 19, the designated  section 

determination unit 4 determines that the second sec tion A2 

that is located in the counterclockwise direction f rom the 

first end point P1 to the second end point P2 is th e 20 

designated section.  In addition, when the designat ed 

section is determined, the designated section deter mination 

unit 4 generates a block sequence of the section 

(designated section) between two points that are th e first 

end point P1 and the second end point P2, as illust rated in 25 

each of FIGS. 6 and 7, similarly to the train prese nce 

detection apparatus 1 illustrated in FIG. 1.  The p resence 

determination unit 5 determines whether the presenc e 

position (kilometrage) of the train 20 is included in the 

block sequence generated by the designated section 30 

determination unit 4, thereby determining whether t he train 

20 is present in the designated section. 

[0047] FIG. 20 is a flowchart illustrating an examp le of 
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a flow of processes performed by the train presence  

detection apparatus according to the third embodime nt of 

the present invention.  Hereinafter, the flow of pr ocesses 

performed by the train presence detection apparatus  1b will 

be described with reference to the flowchart of FIG . 20.  5 

In the train presence detection apparatus 1b accord ing to 

the present embodiment, as illustrated in FIG. 20, the 

information acquisition unit 3 first determines whe ther the 

position information on the first end point P1 and the 

second end point P2 and the direction information, which 10 

are input information received by the input recepti on unit 

2, have been acquired (S201).  When the information  

acquisition unit 3 determines that the position inf ormation 

on the first end point P1 and the second end point P2 and 

the direction information have not been acquired (S 201: No), 15 

the information acquisition unit 3 again determines  whether 

the position information on the first end point P1 and the 

second end point P2 and the direction information h ave been 

acquired (S201).  That is, the information acquisit ion unit 

3 repeats the determination of S201 until the posit ion 20 

information on the first end point P1 and the secon d end 

point P2 and the direction information are acquired .  When 

the information acquisition unit 3 determines that the 

position information on the first end point P1 and the 

second end point P2 and the direction information h ave been 25 

acquired (S201: Yes), the information acquisition u nit 3 

outputs the position information on the first end p oint P1 

and the second end point P2 and the direction infor mation 

thus acquired to the designated section determinati on unit 

4. 30 

[0048] On the basis of the position information on the 

first end point P1 and the second end point P2 and the 

direction information received from the information  
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acquisition unit 3, the designated section determin ation 

unit 4 determines which of the first section A1 and  the 

second section A2 in which the first end point P1 a nd the 

second end point P2 are located at both ends is the  

designated section, and generates a block sequence 5 

indicating the section (designated section) between  two 

points that are the first end point P1 and the seco nd end 

point P2 (S202). 

[0049] The presence determination unit 5 determines  

whether the front end position or the rear end posi tion of 10 

the train 20 is included in the block sequence of t he 

designated section on the basis of the presence pos ition 

information on the train 20 acquired by the informa tion 

acquisition unit 3 and the information on the desig nated 

section determined by the designated section determ ination 15 

unit 4 (S203).  For example, as illustrated in FIG.  18, 

when the designated section determination unit 4 de termines 

that the first section A1 illustrated in FIG. 17 is  the 

designated section, the presence determination unit  5 first 

determines whether kilometrage at the front end pos ition of 20 

the train 20 is less than or equal to the kilometra ge (240) 

at the position of the first end point P1 of the de signated 

section A1 or greater than or equal to the kilometr age 

(800) at the position of the second end point P2 th ereof.  

When the presence determination unit 5 determines t hat the 25 

kilometrage at the front end position of the train 20 is 

less than or equal to the kilometrage (240) at the position 

of the first end point P1 of the designated section  A1 or 

greater than or equal to the kilometrage (800) at t he 

position of the second end point P2 thereof (S203: Yes), 30 

the presence determination unit 5 determines that t he train 

20 is present in the designated section A1 (S204), and ends 

the presence detection process performed by the tra in 
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presence detection apparatus 1b.  That is, as illus trated 

in FIG. 17, the train 20a present in the block [B10 02] 

whose kilometrage is 100 to 200 is determined by th e 

presence determination unit 5 to be present in the 

designated section A1. 5 

[0050] On the other hand, when the presence 

determination unit 5 determines that the kilometrag e at the 

front end position of the train 20 is not less than  or 

equal to the kilometrage (240) at the position of t he first 

end point P1 of the designated section A1 and not g reater 10 

than or equal to the kilometrage (800) at the posit ion of 

the second end point P2 thereof, the presence deter mination 

unit 5 next determines whether the kilometrage at t he rear 

end position of the train 20 is less than or equal to the 

kilometrage (240) at the position of the first end point P1 15 

of the designated section A1 or greater than or equ al to 

the kilometrage (800) at the position of the second  end 

point P2 thereof.  When the presence determination unit 5 

determines that the kilometrage at the rear end pos ition of 

the train 20 is less than or equal to the kilometra ge (240) 20 

at the position of the first end point P1 of the de signated 

section A1 or greater than or equal to the kilometr age 

(800) at the position of the second end point P2 th ereof 

(S203: Yes), the presence determination unit 5 dete rmines 

that the train 20 is present in the designated sect ion 25 

(S204), and ends the presence detection process per formed 

by the train presence detection apparatus 1b.  Howe ver, 

when the presence determination unit 5 determines t hat the 

kilometrage at the rear end position of the train 2 0 is not 

less than or equal to the kilometrage (240) at the position 30 

of the first end point P1 of the designated section  A1 and 

not greater than or equal to the kilometrage (800) at the 

position of the second end point P2 thereof, that i s, when 
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the presence determination unit 5 determines that n either 

the kilometrage at the front end position of the tr ain 20 

nor that at the rear end position thereof is includ ed in 

the designated section A1 (S203: No), the presence 

determination unit 5 determines that the train 20 i s not 5 

present in the designated section (S205).  That is,  as 

illustrated in FIG. 17, the train 20b present in th e block 

[B1004] whose kilometrage is 300 to 400 and the tra in 20c 

present in the block [B1006] whose kilometrage is 5 00 to 

600 are determined by the presence determination un it 5 not 10 

to be present in the designated section A1. 

[0051] When the presence determination unit 5 deter mines 

that the train 20 is not present in the designated section 

(S205), then the approach determination unit 6 dete rmines 

whether the starting end point that is an end point  of the 15 

designated section closer to the train 20 in a trav eling 

direction of the train 20 is included in the route on which 

the train 20 travels, the route being indicated by the 

route information (S206).  For example, when the tr ain 20b 

is present in the block [B1004] as in illustrated i n FIG. 20 

17, the route information in accordance with which the 

train 20b travels is the route R1018 and indicates a travel 

route from the kilometrage (500) at the position of  the 

terminating end of the block [B1005] to the kilomet rage 

(200) at the position of the starting end of the bl ock 25 

[B1003] in the clockwise direction, and therefore, the 

approach determination unit 6 determines that the f irst end 

point P1 (kilometrage is 240) that is the starting end 

point of the designated section A1 is included in t he route 

R1018 of the train 20b (S206: Yes).  Then, the appr oach 30 

determination unit 6 determines that the train 20b is 

approaching the designated section A1 (S207), and e nds the 

presence detection process performed by the train p resence 
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detection apparatus 1b. 

[0052] On the other hand, for example, when the tra in 

20c is present in the block [B1006] as in illustrat ed in 

FIG. 17, the route information in accordance with w hich the 

train 20c travels is the route R1017 and indicates a travel 5 

route from the kilometrage (700) at the position of  the 

terminating end of the block [B1007] to the kilomet rage 

(400) at the position of the starting end of the bl ock 

[B1005] in the clockwise direction, and therefore, the 

approach determination unit 6 determines that the f irst end 10 

point P1 (kilometrage is 240) that is the starting end 

point of the designated section A1 is not included in the 

route R1017 of the train 20c (S206: No).  Then, the  

approach determination unit 6 determines that the t rain 20c 

is not approaching the designated section A1 (S207) , and 15 

ends the presence detection process performed by th e train 

presence detection apparatus 1b.  The train presenc e 

detection apparatus 1b according to the third embod iment 

described above can also be implemented by a hardwa re 

configuration similar to that of the train presence  20 

detection apparatus 1. 

[0053] The train presence detection apparatus 1b 

according to the third embodiment of the present in vention 

includes the information acquisition unit 3 that ac quires 

position information on the first end point P1 and the 25 

second end point P2 located in the loop line sectio n L1 and 

direction information for indicating in which direc tion 

from the first end point P1 to the second end point  P2 the 

designated section that is any of the first section  A1 and 

the second section A2 in which the first end point P1 and 30 

the second end point P2 are located at both ends is  

located; the designated section determination unit 4 that 

determines which of the first section A1 and the se cond 
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section A2 is the designated section on the basis o f the 

position information on the first end point P1 and the 

second end point P2 and the direction information a cquired 

by the information acquisition unit 3; and the pres ence 

determination unit 5 that determines whether the tr ain 20 5 

is present in the designated section determined by the 

designated section determination unit 4.  Consequen tly, it 

is possible to determine the designated section des ignated 

in the loop line section L1 and to determine whethe r the 

train 20 is present in the designated section. 10 

[0054] In the present embodiment, the description o f the 

train presence detection apparatus 1b is given by t aking 

the example in which the train presence detection a pparatus 

1b is configured from the ground apparatus 10 that performs 

wireless communication with the train 20 via the gr ound 15 

wireless apparatus 9, but there is no limitation th ereto.  

The on-board apparatus 21 included in the train 20 may be 

configured as the train presence detection apparatu s 1b, 

similarly to the train presence detection apparatus  1 

illustrated in FIG. 10.  The train presence detecti on 20 

apparatus 1b may be configured as a train control s ystem 

including the ground apparatus 10 and the on-board 

apparatus 21. 

[0055] Fourth Embodiment. 

 Next, a train presence detection apparatus 1c 25 

according to a fourth embodiment of the present inv ention 

will be described.  FIG. 21 is a block diagram illu strating 

an example of a configuration of the train presence  

detection apparatus according to the fourth embodim ent of 

the present invention.  As illustrated in FIG. 21, the 30 

train presence detection apparatus 1c according to the 

fourth embodiment of the present invention includes , 

instead of the input reception unit 2 included in t he train 
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presence detection apparatus 1b illustrated in FIG.  16 

according to the third embodiment, the sensor 12 th at 

detects a state in the loop line section L1 or arou nd the 

loop line section L1 and the sensor information dat abase 13.  

Regarding configurations and the like similar to th ose of 5 

the train presence detection apparatus 1b according  to the 

third embodiment of the present invention, same ref erence 

numerals are given thereto, and detailed descriptio ns 

thereof will be omitted. 

[0056] Multiple sensors 12 are installed at specifi c 10 

intervals in the loop line section L1 or around the  loop 

line section L1, for example, and each sensor 12 de tects a 

state in the loop line section L1 or around the loo p line 

section L1.  Examples of sensors usable as the sens ors 12 

include the wind speed sensor, the rock fall detect ion 15 

sensor, the seismic sensor, the liquid level sensor , and 

the various types of weather sensors described abov e.  When 

any sensor 12 detects a specific state for which tr avel 

control of the train 20 needs to be performed, the sensor 

12 transmits, to the information acquisition unit 3  via the 20 

ground wireless apparatus 9, its own sensor ID the sensor 

12 has. 

[0057] FIG. 22 is a diagram illustrating an example  of a 

data configuration including direction information stored 

in the sensor information database.  For example, a s 25 

illustrated in FIG. 22, the sensor information data base 13 

stores, in association with the sensor ID, the posi tion 

information on the first end point P1 and the secon d end 

point P2 located at both ends of the designated sec tion and 

direction information for indicating in which direc tion 30 

(clockwise or counterclockwise direction) from the first 

end point P1 to the second end point P2 the designa ted 

section that is any of the first section A1 and the  second 
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section A2 in which the first end point P1 and the second 

end point P2 are located at both ends is located.  In the 

train presence detection apparatus 1c, when any sen sor 12 

detects a specific state and when the information 

acquisition unit 3 receives the sensor ID from the sensor 5 

12, the information acquisition unit 3 accesses the  sensor 

information database 13 on the basis of the receive d sensor 

ID, and acquires the position information on the fi rst end 

point P1 and the second end point P2 and the direct ion 

information, where the position information and the  10 

direction information correspond to the received se nsor ID.  

Thus, the train presence detection apparatus 1c can  

determine the designated section by the designated section 

determination unit 4 similarly to the train presenc e 

detection apparatus 1b illustrated in FIG. 16. 15 

[0058] The train presence detection apparatus 1c 

according to the fourth embodiment of the present i nvention 

includes the sensors 12 each of which detects a sta te in 

the loop line section L1 or around the loop line se ction L1 

and the sensor information database 13 that stores,  in 20 

association with an ID each sensor 12 has, the posi tion 

information on the first end point of P1 and the se cond end 

point P2 and the direction information, and when an y sensor 

12 detects a specific state, the information acquis ition 

unit 3 acquires the position information on the fir st end 25 

point P1 and the second end point P2 and the direct ion 

information from the sensor information database 13  on the 

basis of the ID the sensor 12 has.  Consequently, i t is 

possible to determine the designated section effici ently in 

accordance with a state in the loop line section L1  or 30 

around the loop line section L1 detected by the sen sor 12. 

[0059] Similarly to the train presence detection 

apparatus 1 according to the first embodiment, the train 
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presence detection apparatus 1c according to the fo urth 

embodiment may also be configured to include the se nsor 

information database 13 in the on-board apparatus 2 1 

included in the train, in addition to the input rec eption 

unit 2, the information acquisition unit 3, the des ignated 5 

section determination unit 4, the presence determin ation 

unit 5, the approach determination unit 6, the trai n 

control unit 7, the track database 8, and the prese nce 

position calculation unit 11.  In such a case, simi larly to 

the train presence detection apparatus 1a illustrat ed in 10 

FIG. 13, for example, a configuration is employed i n which 

when the sensor 12 detects a specific state for whi ch 

travel control of the train 20 needs to be performe d, the 

sensor 12 transmits its own sensor ID the sensor 12  has to 

the on-board wireless apparatus 22 via the ground w ireless 15 

apparatus 9, and the on-board wireless apparatus 22  

transmits the sensor ID to the information acquisit ion unit 

3.  The train presence detection apparatus 1c may a lso be 

configured as a train control system including the ground 

apparatus 10 and the on-board apparatus 21. 20 

[0060] FIG. 23 is a block diagram illustrating anot her 

example of the configuration of the train presence 

detection apparatus according to the fourth embodim ent of 

the present invention.  In the train presence detec tion 

apparatus 1c illustrated in FIG. 23, for example, t he 25 

sensor 12 has stored in advance the position inform ation on 

the first end point P1, the position information on  the 

second end point P2, and the direction information in a 

storage unit (not illustrated), and is configured t o 

transmit the position information on the first end point P1 30 

and the second end point P2 and the direction infor mation 

to the information acquisition unit 3 via the groun d 

wireless apparatus 9 when a specific state is detec ted.  
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Thus, in the train presence detection apparatus 1a 

illustrated in FIG. 23, although the ground apparat us 10 

does not include the sensor information database 13 , the 

information acquisition unit 3 can acquire the posi tion 

information on the first end point P1 and the secon d end 5 

point P2 and the direction information. 

[0061] Fifth Embodiment. 

 Next, a train presence detection apparatus 1d 

according to a fifth embodiment of the present inve ntion 

will be described.  FIG. 24 is a block diagram illu strating 10 

an example of a configuration of the train presence  

detection apparatus according to the fifth embodime nt of 

the present invention.  FIG. 25 is a diagram illust rating 

an example of a configuration in which a third line  section 

L3, through which a train can enter the first line section 15 

L1 formed in a loop, is connected to the first line  section 

L1.  As illustrated in FIG. 24, the train presence 

detection apparatus 1d according to the fifth embod iment of 

the present invention further includes a connection  point 

presence/absence determination unit 14 in addition to the 20 

configuration included in the train presence detect ion 

apparatus 1 illustrated in FIG. 1 according to the first 

embodiment.  Regarding configurations and the like similar 

to those of the train presence detection apparatus 1 

according to the first embodiment of the present in vention, 25 

same reference numerals are given thereto, and deta iled 

descriptions thereof will be omitted. 

[0062] In the train presence detection apparatus 1d , the 

track database 8 stores connection point position 

information in advance, in addition to the route 30 

information.  The connection point position informa tion is 

information that indicates, as illustrated in FIG. 25, the 

position of a connection point P3 where the loop li ne 
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section L1 that is a first line section formed in a  loop 

and the third line section L3 through which a train  can 

enter the loop line section L1 are connected.  The 

connection point position information is expressed,  for 

example, by a block number and an intra-block posit ion, 5 

similarly to the position information on the first end 

point P1 and the second end point P2.  For example,  FIG. 25 

illustrates an example in which the connection poin t 

position information is expressed as 580 obtained b y adding 

80 that is a coordinate value at the intra-block po sition 10 

in the block [B1006] to 500 that is kilometrage (co ordinate 

value) at a reference point of the block [B1006].  The 

third line section L3 is not particularly limited a s long 

as a train can enter the first line section L1 ther ethrough, 

and the third line section L3 may be a line section  formed 15 

in a loop. 

[0063] As illustrated in FIG. 24, the information 

acquisition unit 3 of the train presence detection 

apparatus 1d can acquire route information and conn ection 

point position information from the track database 8.  The 20 

connection point presence/absence determination uni t 14 

determines whether the connection point P3 is locat ed in 

the designated section.  For example, when the desi gnated 

section determination unit 4 determines that the fi rst 

section A1 that includes the virtual block VB illus trated 25 

in FIG. 25 is the designated section, the connectio n point 

presence/absence determination unit 14 uses the con nection 

point position information to determine whether the  

position (kilometrage) of the connection point P3 i s 

included in the block sequence of the designated se ction 30 

(first section A1) illustrated in FIG. 4, thereby 

determining whether the connection point P3 is loca ted in 

the designated section A1.  In the example of FIG. 25, when 
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the designated section determination unit 4 determi nes that 

the first section A1 is the designated section, the  

connection point presence/absence determination uni t 14 

determines that the connection point P3 is not loca ted in 

the designated section A1 because kilometrage (580)  at the 5 

position of the connection point P3 is not included  in the 

block sequence of less than or equal to the kilomet rage 

(240) at the position of the first end point P1 of the 

designated section A1 illustrated in FIG. 4 or grea ter than 

or equal to the kilometrage (800) at the position o f the 10 

second end point P2 thereof.  Alternatively, when t he 

designated section determination unit 4 determines that the 

second section A2 that does not include the virtual  block 

VB is the designated section, the connection point 

presence/absence determination unit 14 determines t hat the 15 

connection point P3 is located in the designated se ction A2 

because the kilometrage (580) at the position of th e 

connection point P3 is included in the block sequen ce from 

the kilometrage (240) at the position of the first end 

point P1 of the designated section A2 illustrated i n FIG. 5 20 

to the kilometrage (800) at the position of the sec ond end 

point P2 thereof. 

[0064] An approach determination unit 6a determines  

whether the train 20 is approaching a designated se ction.  

When the connection point presence/absence determin ation 25 

unit 14 determines that the connection point P3 is located 

in the designated section, the approach determinati on unit 

6a determines whether a distance D from the train 2  

traveling from the third line section L3 toward the  loop 

line section L1 to the connection point P3 is withi n a 30 

specific range.  Even in a case where the train 20 is not 

traveling in the loop line section L1 but traveling  in the 

third line section L3, when the connection point P3  to the 
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loop line section L1 the train enters is located in  the 

designated section that is a temporary speed limit section 

or a train protection section, there may be a case where it 

is necessary to reduce the traveling speed of the t rain 20 

or to stop the train 20 when the train 20 approache s the 5 

designated section.  Therefore, the approach determ ination 

unit 6a determines whether the train 20 traveling f rom the 

third line section L3 toward the loop line section L1 is 

approaching the designated section. 

[0065] For example, as illustrated in FIG. 24, the 10 

approach determination unit 6a can determine whethe r the 

train 20 is approaching the designated section by u sing the 

presence position information and the connection po int 

position information.  The approach determination u nit 6a 

uses, for example, the presence position informatio n and 15 

the connection point position information to calcul ate the 

distance D from the front end position of the train  20 to 

the connection point P3, and determines whether the  

distance D falls in a specific distance range set d epending 

on the types of the designated section and the like , 20 

thereby determining whether the train 20 is approac hing the 

designated section.  The method for determining whe ther the 

train 20 is approaching the designated section perf ormed by 

the approach determination unit 6a is not limited t o the 

above method.  For example, the route information t hat 25 

indicates a route on which the train 20 travels and  the 

connection point position information may be used t o 

determine whether the connection point P3 is includ ed in a 

route on which the train 20 travels, the route bein g 

indicated by the route information, and when the co nnection 30 

point P3 is included in the route on which the trai n 20 

travels, it may be determined that the train 20 is 

approaching the designated section. 
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[0066] When it is determined by the presence 

determination unit 5 that the train 20 is present i n the 

designated section or when it is determined by the approach 

determination unit 6a that the train 20 is approach ing the 

designated section, the train control unit 7 genera tes 5 

train control information for performing travel con trol 

such that the traveling speed of the train 20 is re duced to 

a specific speed or lower or train control informat ion for 

stopping the train 20, for example, depending on th e types 

of the designated section.  The train control infor mation 10 

generated by the train control unit 7 is transmitte d to the 

train 20 via the ground wireless apparatus 9. 

[0067] FIG. 26 is a flowchart illustrating an examp le of 

a flow of processes performed by the train presence  

detection apparatus 1d according to the fifth embod iment of 15 

the present invention.  Hereinafter, the flow of pr ocesses 

performed by the train presence detection apparatus  1d will 

be described with reference to the flowchart of FIG . 26.  

In the train presence detection apparatus 1d accord ing to 

the present embodiment, as illustrated in FIG. 26, the 20 

information acquisition unit 3 first determines whe ther the 

position information on the first end point P1 and the 

second end point P2 and the virtual block presence/ absence 

information, which are input information received b y the 

input reception unit 2, have been acquired (S301).  When 25 

the information acquisition unit 3 determines that the 

position information on the first end point P1 and the 

second end point P2 and the virtual block presence/ absence 

information have not been acquired (S301: No), the 

information acquisition unit 3 again determines whe ther the 30 

position information on the first end point P1 and the 

second end point P2 and the virtual block presence/ absence 

information have been acquired (S301).  That is, th e 
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information acquisition unit 3 repeats the determin ation of 

S301 until the position information on the first en d point 

P1 and the second end point P2 and the virtual bloc k 

presence/absence information are acquired.  When th e 

information acquisition unit 3 determines that the position 5 

information on the first end point P1 and the secon d end 

point P2 and the virtual block presence/absence inf ormation 

have been acquired (S301: Yes), the information acq uisition 

unit 3 outputs the position information on the firs t end 

point P1 and the second end point P2 and the virtua l block 10 

presence/absence information thus acquired to the 

designated section determination unit 4. 

[0068] On the basis of the position information on the 

first end point P1 and the second end point P2 and the 

virtual block presence/absence information received  from 15 

the information acquisition unit 3, the designated section 

determination unit 4 determines which of the first section 

A1 and the second section A2 in which the first end  point 

P1 and the second end point P2 are located at both ends is 

the designated section, and generates a block seque nce 20 

indicating the section (designated section) between  two 

points that are the first end point P1 and the seco nd end 

point P2 (S302). 

[0069] The presence determination unit 5 determines  

whether the front end position or the rear end posi tion of 25 

the train 20 is included in the block sequence of t he 

designated section on the basis of the presence pos ition 

information on the train 20 acquired by the informa tion 

acquisition unit 3 and the information on the desig nated 

section determined by the designated section determ ination 30 

unit 4 (S303).  When the presence determination uni t 5 

determines that the kilometrage at the front end po sition 

or the rear end position of the train 20 is include d in the 
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designated section (S303: Yes), for example, the pr esence 

determination unit 5 determines that the train 20 i s 

present in the designated section (S304), and ends the 

presence detection process performed by the train p resence 

detection apparatus 1d. 5 

[0070] When the presence determination unit 5 deter mines 

that neither the kilometrage at the front end posit ion of 

the train 20 nor that at the rear end position ther eof is 

included in the designated section (S303: No), the presence 

determination unit 5 determines that the train 20 i s not 10 

present in the designated section (S305). 

[0071] When the presence determination unit 5 deter mines 

that the train 20 is not present in the designated section, 

next, the connection point presence/absence determi nation 

unit 14 determines whether the connection point P3 is 15 

located in the designated section (S306).  When the  

connection point presence/absence determination uni t 14 

determines that the connection point P3 is located in the 

designated section (S306: Yes), the approach determ ination 

unit 6a determines whether the distance D from the train 20 20 

traveling from the third line section L3 toward the  loop 

line section L1 to the connection point P3 is withi n a 

specific range (S307). 

[0072] When the approach determination unit 6a 

determines that the distance D from the train 20 to  the 25 

connection point P3 is within the specific range (S 307: 

Yes), the approach determination unit 6a determines  that 

the train 20b is approaching the designated section  (S308), 

and ends the presence detection process performed b y the 

train presence detection apparatus 1d. 30 

[0073] On the other hand, when the approach 

determination unit 6a determines that the distance D from 

the train 20 to the connection point P3 is not with in the 
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specific range (S307: No), the approach determinati on unit 

6a determines that the train 20 is not approaching the 

designated section (S309), and ends the presence de tection 

process performed by the train presence detection a pparatus 

1d.  When the connection point presence/absence 5 

determination unit 14 determines that the connectio n point 

P3 is not located in the designated section (S306: No), the 

approach determination unit 6a determines that the train 20 

is not approaching the designated section (S309), a nd ends 

the presence detection process performed by the tra in 10 

presence detection apparatus 1d. 

[0074] In the flowchart illustrated in FIG. 26, the  

example is illustrated in which the presence determ ination 

unit 5 determines that the train 20 is not present in the 

designated section (S305), and then the connection point 15 

presence/absence determination unit 14 determines w hether 

the connection point P3 is located in the designate d 

section (S306).  However, in the train presence det ection 

apparatus 1d, after the process of S305, the approa ch 

determination unit 6a may determine whether the sta rting 20 

end point that is an end point of the designated se ction 

closer to the train 20 in a traveling direction of the 

train 20 is included in a route on which the train 20 

travels, the route being indicated by the route inf ormation, 

similarly to the process of S106 illustrated in the  25 

flowchart of FIG. 8, and when the approach determin ation 

unit 6a determines that the starting end point of t he 

designated section is not included in the route on which 

the train 20 travels and which is indicated by the route 

information, the processes after the process of S30 6 may be 30 

executed. 

[0075] The train presence detection apparatus 1d 

according to the fifth embodiment of the present in vention 
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includes the connection point presence/absence 

determination unit 14 that, when the presence deter mination 

unit 5 determines that the train 20 is not present in the 

designated section, determines whether the connecti on point 

P3 where the loop line section L1 and the third lin e 5 

section L3 are connected is located in the designat ed 

section; and the approach determination unit 6a tha t, when 

the connection point presence/absence determination  unit 14 

determines that the connection point P3 is located in the 

designated section, determines whether the distance  D from 10 

the train 20 traveling from the third line section L3 

toward the loop line section L1 to the connection p oint P3 

is within a specific range.  Consequently, even in a case 

where the train 20 is not traveling in the loop lin e 

section L1 but traveling in the third line section L3, when 15 

the connection point P3 to the loop line section L1  the 

train enters is located in the designated section, it is 

possible to determine whether the train 20 is appro aching 

the designated section. 

[0076] In the present embodiment, the description o f the 20 

train presence detection apparatus 1d is given by t aking 

the example in which the train presence detection a pparatus 

1d is configured from the ground apparatus 10 that performs 

wireless communication with the train 20 via the gr ound 

wireless apparatus 9, but there is no limitation th ereto.  25 

The on-board apparatus 21 included in the train 20 may be 

configured as the train presence detection apparatu s 1d, 

similarly to the train presence detection apparatus  1 

illustrated in FIG. 10.  The train presence detecti on 

apparatus 1d may be configured as a train control s ystem 30 

including the ground apparatus 10 and the on-board 

apparatus 21.  When the train presence detection ap paratus 

1d is configured as the train control system includ ing the 
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ground apparatus 10 and the on-board apparatus 21, a 

configuration may be employed in which, for example , the 

ground apparatus 10 has functions of the input rece ption 

unit 2, the information acquisition unit 3, and the  

designated section determination unit 4, and the on -board 5 

apparatus 10 has functions of the presence determin ation 

unit 5, the approach determination unit 6a, the tra in 

control unit 7, the track database 8, and the prese nce 

position calculation unit 11. 

[0077] Regarding the train presence detection appar atus 10 

1d, the example is indicated in which the input rec eption 

unit 2 receives the input of the position informati on on 

the first end point P1 and the second end point P2 and the 

virtual block presence/absence information.  Howeve r, 

similarly to the train presence detection apparatus  1a 15 

according to the second embodiment, the train prese nce 

detection apparatus 1d may include, instead of the input 

reception unit 2, the sensor 12 that detects a stat e in the 

loop line section L or around the loop line section  L, and 

the sensor information database 13.  Alternatively,  20 

similarly to the train presence detection apparatus  1a 

illustrated in FIG. 14, a configuration may be empl oyed in 

which the sensor 12 stores the position information  on the 

first end point P1, the position information on the  second 

end point P2, and the virtual block presence/absenc e 25 

information in advance, and the position informatio n on the 

first end point P1 and the second end point P2 and the 

virtual block presence/absence information are tran smitted 

to the information acquisition unit 3 via the groun d 

wireless apparatus 9 when a specific state is detec ted. 30 

[0078] The present invention is not limited to the above 

embodiments, and each embodiment can be appropriate ly 

modified or omitted without departing from the scop e of the 
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concept of the present invention. 

 

Reference Signs List 

[0079] 1 to 1d  train presence detection apparatus;  2  

input reception unit; 3  information acquisition un it; 4  5 

designated section determination unit; 5  presence 

determination unit; 6  approach determination unit;  10  

ground apparatus; 12  sensor; 13  sensor informatio n 

database; 14  connection point presence/absence 

determination unit; 20  train; 21  on-board apparat us; A1  10 

first section; A2  second section; L1  first line s ection; 

L2  second line section; L3  third line section; P1   first 

end point; P2  second end point; P3  connection poi nt. 
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CLAIMS 

1. A train presence detection apparatus comprising:  

 an information acquisition unit to acquire positio n 

information on a first end point and a second end p oint 

located in a first line section formed in a loop an d 5 

virtual block presence/absence information indicati ve of 

whether a virtual block indicating a specific posit ion in 

the first line section is included in a designated section 

that is any of a first section and a second section  in 

which the first end point and the second end point are 10 

located at both ends; 

 a designated section determination unit to determi ne 

which of the first section and the second section i s the 

designated section on a basis of the position infor mation 

on the first end point and the second end point and  the 15 

virtual block presence/absence information acquired  by the 

information acquisition unit; and 

 a presence determination unit to determine whether  a 

train is present in the designated section determin ed by 

the designated section determination unit. 20 

 

2. A train presence detection apparatus comprising:  

 an information acquisition unit to acquire positio n 

information on a first end point and a second end p oint 

located in a first line section formed in a loop an d 25 

direction information for indicating in which direc tion 

from the first end point to the second end point a 

designated section that is any of a first section a nd a 

second section in which the first end point and the  second 

end point are located at both ends is located; 30 

 a designated section determination unit to determi ne 

which of the first section and the second section i s the 

designated section on a basis of the position infor mation 
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on the first end point and the second end point and  the 

direction information acquired by the information 

acquisition unit; and 

 a presence determination unit to determine whether  a 

train is present in the designated section determin ed by 5 

the designated section determination unit. 

 

3. The train presence detection apparatus according  to 

claim 1, comprising: 

 an input reception unit to receive input of the 10 

position information on the first end point and the  second 

end point and the virtual block presence/absence 

information, wherein 

 the information acquisition unit acquires the posi tion 

information on the first end point and the second e nd point 15 

and the virtual block presence/absence information received 

by the input reception unit. 

 

4. The train presence detection apparatus according  to 

claim 1, comprising: 20 

 a sensor to detect a state in the first line secti on 

or around the first line section; and 

 a sensor information database to store the positio n 

information on the first end point and the second e nd point 

and the virtual block presence/absence information in 25 

association with an ID the sensor has, wherein 

 when the sensor detects a specific state, the 

information acquisition unit acquires the position 

information on the first end point and the second e nd point 

and the virtual block presence/absence information from the 30 

sensor information database on a basis of the ID th e sensor 

has. 
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5. The train presence detection apparatus according  to 

claim 1, comprising: 

 a sensor to detect a state in the first line secti on 

or around the first line section, wherein 

 when the sensor detects a specific state, the sens or 5 

transmits the position information on the first end  point 

and the second end point and the virtual block 

presence/absence information, and 

 the information acquisition unit acquires the posi tion 

information on the first end point and the second e nd point 10 

and the virtual block presence/absence information.  

 

6. The train presence detection apparatus according  to 

claim 2, comprising: 

 an input reception unit to receive input of the 15 

position information on the first end point and the  second 

end point and the direction information, wherein 

 the information acquisition unit acquires the posi tion 

information on the first end point and the second e nd point 

and the direction information received by the input  20 

reception unit. 

 

7. The train presence detection apparatus according  to 

claim 2, comprising: 

 a sensor to detect a state in the first line secti on 25 

or around the first line section; and 

 a sensor information database to store the positio n 

information on the first end point and the second e nd point 

and the direction information in association with a n ID the 

sensor has, wherein 30 

 when the sensor detects a specific state, the 

information acquisition unit acquires the position 

information on the first end point and the second e nd point 
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and the direction information from the sensor infor mation 

database on a basis of the ID the sensor has. 

 

8. The train presence detection apparatus according  to 

claim 2, comprising: 5 

 a sensor to detect a state in the first line secti on 

or around the first line section, wherein 

 when the sensor detects a specific state, the sens or 

transmits the position information on the first end  point 

and the second end point and the direction informat ion, and 10 

 the information acquisition unit acquires the posi tion 

information on the first end point and the second e nd point 

and the direction information. 

 

9. The train presence detection apparatus according  to 15 

claim 3 or 6, wherein the input reception unit is p rovided 

in a ground apparatus that performs wireless commun ication 

with the train or an on-board apparatus mounted on the 

train. 

 20 

10. The train presence detection apparatus accordin g to 

any one of claims 4, 5, 7, and 8, wherein the senso r is any 

of a wind speed sensor, a rock fall detection senso r, a 

seismic sensor, a liquid level sensor, and a weathe r sensor. 

 25 

11. The train presence detection apparatus accordin g to 

any one of claims 1 to 10, comprising an approach 

determination unit to, when the presence determinat ion unit 

determines that the train is not present in the des ignated 

section, determine whether a distance from the trai n to a 30 

starting end point is within a specific range, the starting 

end point being any of the first end point and the second 

end point that is closer to the train in a travelin g 
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direction of the train. 

 

12. The train presence detection apparatus accordin g to 

any one of claims 1, 3, 4, and 5, wherein 

 the first line section is connected adjacent to a 5 

second line section that is formed in a loop and is  

different from the first line section, and 

 the virtual block is provided at a connection poin t 

where the first line section and the second line se ction 

are connected. 10 

 

13. The train presence detection apparatus accordin g to 

any one of claims 1 to 10, wherein 

 the first line section is connected to a third lin e 

section through which a train is allowed to enter t he first 15 

line section, and 

 the train presence detection apparatus comprises: 

  a connection point presence/absence determination  

unit to, when the presence determination unit deter mines 

that the train is not present in the designated sec tion, 20 

determine whether the connection point where the fi rst line 

section and the third line section are connected is  located 

in the designated section; and 

  an approach determination unit to, when the 

connection point presence/absence determination uni t 25 

determines that the connection point is located in the 

designated section, determine whether a distance fr om the 

train traveling from the third line section toward the 

first line section to the connection point is withi n a 

specific range. 30 


