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DESCRIPTION 

VEHICLE COMMUNICATION SYSTEM 

FIELD 

[0001] 	Embodiments of the present invention relate to a 

vehicle communication system. 

BACKGROUND 

[0002] 	Conventionally, there have been known techniques 

for transmitting and receiving predetermined information 

between on-vehicle devices provided to trains when the 

trains are passing each other. In the conventional 

techniques, a central device may be provided as a ground-

side device, and the entire system including the on-vehicle 

devices and the central device may share (transmit and 

receive) the predetermined information on the trains. 

CITATION LIST 

Patent Literature 

[0003] 	Patent Literature 1: Japanese Patent Laid-open 

Publication No. 2010-12932 

SUMMARY OF THE INVENTION 

Problem to be Solved by the Invention 

[0004] 	In the above-described system including the on-

vehicle devices and the central device, the improvement of 

communication environment between the on-vehicle devices 

and the central device is required. For example, failure 

information on a train, which is one example of the 

predetermined information to be transmitted from the on-

vehicle device to the central device, is important 

information. Consequently, it is required to quickly 
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notify an operator of the central device of the failure 

information. 

Means for Solving Problem 

[0005] 	A vehicle communication system according to one 

embodiment includes a central device and an on-vehicle 

device. The central device is connected to a terrestrial 

communication device capable of performing a wireless 

communication with an object present in a predetermined 

first communication available range. The on-vehicle device 

is provided to each of a plurality of vehicles running on a 

route connected to terrestrial equipment including the 

terrestrial communication device, and includes an on-

vehicle communicator capable of performing a wireless 

communication with an object present in a predetermined 

second communication available range. The central device 

includes a path determiner and a central communicator. The 

path determiner is configured to determine an information 

transmission path between the vehicles for consolidating 

information in a vehicle that performs the wireless 

communication with the terrestrial communication device out 

of the vehicles based on at least operating information on 

the vehicles. The central communicator is configured to 

transmit and receive predetermined information including 

the information transmission path to and from a vehicle 

present in the first communication available range of the 

terrestrial communication device via the terrestrial 

communication device. The on-vehicle communicator is 

configured to acquire the information transmission path 

directly from the central device via the terrestrial 

communication device or indirectly from the central device 

via the terrestrial communication device and a second 

vehicle, and to transmit and receive the predetermined 
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information to and from the terrestrial communication 

device or the second vehicle present in the second 

communication available range based on the acquired 

information transmission path. 

BRIEF DESCRIPTION OF DRAWINGS 

[0006] 	FIG. 1 is an exemplary diagram of a schematic 

configuration of a train communication system according to 

an embodiment. 

FIG. 2 is an exemplary block diagram of a schematic 

internal configuration of a central device and an on-

vehicle device according to the embodiment. 

FIG. 3 is an exemplary diagram of a specific example 

of properties of predetermined information that can be 

considered in the embodiment. 

FIG. 4 is an exemplary flowchart of a schematic 

procedure of processing performed by the central device 

according to the embodiment. 

FIG. 5 is an exemplary flowchart of a schematic 

procedure of processing performed by the on-vehicle device 

according to the embodiment. 

FIG. 6 is an exemplary flowchart of processing in 

response to the predetermined information performed by an 

on-vehicle communicator of the on-vehicle device according 

to the embodiment. 

FIG. 7 is an exemplary flowchart of processing in 

response to the predetermined information performed by the 

on-vehicle communicator and a content controller of the on-

vehicle device according to the embodiment. 

FIG. 8 is an exemplary flowchart of processing in 

response to the predetermined information performed by the 

on-vehicle communicator and a predictive controller of the 

on-vehicle device according to the embodiment. 
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FIG. 9 is an exemplary diagram of a specific example 

of a radio wave environment that can be considered in a 

modification of the embodiment. 

DETAILED DESCRIPTION 

[0007] 	<EMBODIMENT> 

An embodiment is described below with reference to the 

accompanying drawings. The configuration of the embodiment 

described below and effects and results (advantageous 

effects) provided by the configuration are given by way of 

example only and are not limited to the contents described 

below. 

[0008] 	FIG. 1 is an exemplary diagram of a schematic 

configuration of a train communication system according to 

an embodiment. As illustrated in FIG. 1, the train 

communication system according to the embodiment includes a 

central device 100 and on-vehicle devices 200. The central 

device 100 is connected to a terrestrial communication 

device 100a in terrestrial equipment 150 such as rail yards 

and stations. The on-vehicle devices 200 are provided to 

respective trains 200a that run on routes R1 and R2 

connected to the terrestrial equipment 150. 

[0009] 	The terrestrial communication device 100a 

includes an antenna 100b and is configured to be capable of 

performing wireless communications with an object present 

in a predetermined first communication available range A 

via the antenna 100b. The on-vehicle device 200 is 

configured to be capable of performing wireless 

communications with an object present in a predetermined 

second communication available range B via an antenna 200b 

provided to the train 200a. 

[0010] 	While the number of routes connected to the 

terrestrial equipment 150 is two (routes R1 and R2) in FIG. 
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1, the number of routes according to the embodiment may be 

one or three or more. While FIG. 1 illustrates two 

different trains of the train 200a that runs in an X1 

direction on the route R1 and the train 200a that runs 

(oppositely runs) in an X2 direction opposite to the X1 

direction on the route R2, the two different trains 

according to the embodiment may run in the same direction. 

[0011] 	In the above-described configuration, the 

improvement of communication environment between the trains 

200a (on-vehicle devices 200) and the central device 100 is 

required in order to share information in the entire system 

including the on-vehicle devices 200 and the central device 

100. For example, train control information, such as 

failure information on the train 200a, is important 

information. Consequently, it is required to quickly 

notify an operator of the central device 100 of the train 

control information. 

[0012] 	Conventionally, there have been developed 

techniques for enabling quick transmission of predetermined 

information from the on-vehicle devices 200 to the central 

device 100 by providing, along the routes, a plurality of 

dedicated relay devices that relay communications between 

the on-vehicle devices 200 and the central device 100. The 

conventional techniques, however, require more time and 

effort in installing and operating the relay devices. 

[0013] 	Therefore, as described below, the embodiment 

consolidates the pieces of predetermined information in the 

train 200a assumed to perform wireless communications with 

the terrestrial communication device 100a earliest by 

causing the trains 200a running on the routes R1 and R2 to 

perform inter-vehicle communications. Consequently, the 

embodiment quickly transmits the predetermined information 

to the central device 100 via the train 200a in which the 
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pieces of predetermined information are consolidated. 

[0014] 	FIG. 2 is an exemplary block diagram of a 

schematic internal configuration of the central device 100 

and the on-vehicle device 200 according to the embodiment. 

As illustrated in FIG. 2, the central device 100 and the 

on-vehicle device 200 can perform interactive 

communications (wireless communications) (refer to the 

dotted arrow). As described above, the central device 100 

performs wireless communications via the antenna 100b of 

the terrestrial communication device 100a, and the on-

vehicle device 200 performs wireless communications via the 

antenna 200b of the train 200a. To simplify the 

explanation, FIG. 2 does not illustrate these hardware 

components for performing wireless communications. 

[0015] 	As illustrated in FIG. 2, the central device 100 

includes a central communicator 101, a path determiner 102, 

a priority determiner 103, an adjuster 104, and a central 

storage 105. The on-vehicle device 200 includes an on-

vehicle communicator 201, a content controller 202, a 

sensor information acquirer 203, a predictive controller 

204, and an on-vehicle storage 205. These components may 

be provided by cooperation of hardware (e.g., a processor, 

a memory, and the like) and software (a control program) 

like typical computers, or by only hardware such as a 

dedicated circuitry. 

[0016] 	The central communicator 101 controls wireless 

communications via the antenna 100b of the terrestrial 

communication device 100a. The on-vehicle communicator 201 

controls wireless communications via the antenna 200b of 

the train 200a. In the wireless communications according 

to the embodiment, data to be transmitted and received can 

be encoded by an encoding technique, and communication 

partners can be limited by an access control technique. 
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The central storage 105 is a storage that stores therein 

the predetermined information transmitted and received by 

the central communicator 101. The on-vehicle storage 205 

is a storage that stores therein the predetermined 

information transmitted and received by the on-vehicle 

communicator 201. 

[0017] 	While details will be described later, in the 

embodiment, the predetermined information transmitted and 

received by wireless communications between the central 

communicator 101 and the on-vehicle communicator 201 and by 

wireless communications between the on-vehicle 

communicators 201 of the respective trains 200a includes: 

operating information (e.g., an operating schedule, a 

timetable, and the like) on the train 200a; train control 

information including failure information on the train 

200a; sensor information; video information; and other 

information. The sensor information is data indicating the 

results of sensing performed by various kinds of sensors 

(not illustrated) provided to the train 200a. The video 

information is moving image data, such as a content 

(including an advertisement or the like) provided in the 

train 200a and video (surveillance video) taken by a 

surveillance camera provided to the train 200a. 

[0018] 	The path determiner 102 determines an information 

transmission path between the trains 200a that runs on the 

route R1 and R2. The information transmission path enables 

consolidation of pieces of information in the train 200a 

that performs wireless communications with the terrestrial 

communication device 100a earliest. Determining the 

information transmission path requires at least operating 

information, such as the time at which the trains 200a 

arrive at the terrestrial equipment 150 provided with the 

terrestrial communication device 100a. Consequently, the 
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path determiner 102 determines the information transmission 

path based on at least the operating information on the 

trains 200a. 

[0019] 	In other words, the path determiner 102 according 

to the embodiment acquires the time at which the trains 

200a each perform wireless communications with a second 

train 200a and the terrestrial communication device 100a 

based on the operating information. Based on the acquired 

time, the path determiner 102 determines the information 

transmission path. The on-vehicle communicator 201 

acquires the information transmission path directly from 

the central device 100 via the terrestrial communication 

device 100a or indirectly from the central device 100 via 

the terrestrial communication device 100a and the second 

train 200a. Based on the acquired information transmission 

path, the on-vehicle communicator 201 transmits and 

receives the predetermined information to and from the 

terrestrial communication device 100a or the second train 

200a. With this configuration, the embodiment can quickly 

transmit the predetermined information from the on-vehicle 

devices 200 to the central device 100 with no conventional 

relay devices described above that relay the communications 

between the on-vehicle devices 200 and the central device 

100. 

[0020] 	The embodiment preferably has higher efficiency 

and reliability in transmitting and receiving the 

predetermined information. Consequently, the embodiment 

determines the priority in transmitting and receiving the 

predetermined information, and transmits and receives the 

priority in a manner included in the predetermined 

information. The on-vehicle communicator 201 acquires the 

priority directly from the central device 100 via the 

terrestrial communication device 100a or indirectly from 
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the central device 100 via the terrestrial communication 

device 100a and the second train 200a. Based on the 

acquired priority, the on-vehicle communicator 201 

transmits and receives the predetermined information. With 

this configuration, the embodiment has higher efficiency 

and reliability in transmitting and receiving the 

predetermined information. 

[0021] 	Let us assume a case where a certain train 200a 

is going to have a few opportunities to perform inter-

vehicle communications, for example. The train 200a having 

a few opportunities need to transmit its own predetermined 

information to the second train 200a and receive the 

predetermined information on the second train 200a more 

reliably by increasing the number of times of transmitting 

and receiving the predetermined information. Therefore, 

the embodiment uses the number of times of transmitting and 

receiving the same information in an overlapping 

(redundant) manner in one wireless communication as an 

example of the priority as described below. 

[0022] 	In other words, the priority determiner 103 

according to the embodiment estimates, based on the 

operating information on the trains 200a, the number of 

second trains 200a that can be a communication partner 

until the on-vehicle communicator 201 of the on-vehicle 

device 200 of each of the trains 200a performs wireless 

communications with the terrestrial communication device 

100a. The priority determiner 103 determines the propriety 

(number of times of transmission and reception) 

individually for each of the trains 200a such that a train 

200a having a smaller number of second trains 200a that can 

be a communication partner has a larger number of times of 

transmission and reception. 

[0023] 	As described above, the predetermined information 
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according to the embodiment includes various kinds of 

information. These various kinds of information have 

different properties such as the communication quality 

suitable for transmission and reception and the data amount. 

Therefore, if all the pieces of information are transmitted 

and received by the same information transmission path and 

priority, the efficiency and the reliability in 

transmission and reception may possibly be reduced. To 

address this, the path determiner 102 and the priority 

determiner 103 according to the embodiment determine the 

information transmission path and the priority (number of 

times of transmission and reception), respectively, based 

on the properties of the predetermined information. 

[0024] 	FIG. 3 is an exemplary diagram of a specific 

example of the properties of the predetermined information 

that can be considered in the embodiment. The priorities 

of the predetermined information according to the 

embodiment are stored in a table form as illustrated in FIG. 

3. More specifically, a table 300 illustrated in FIG. 3 

registers therein the communication quality suitable for 

transmitting and receiving the predetermined information 

and the data amount of the predetermined information for 

each type of the predetermined information as the 

properties of the predetermined information. 

[0025] 	The failure information serving as the train 

control information, for example, needs to be transmitted 

and received with high communication quality because it is 

information indicating a significantly great possibility of 

an accident. Typically, the train control information has 

a small data amount. Consequently, the table 300 in FIG. 3 

registers therein the communication quality and the data 

amount corresponding to the train control information as 

"high" and "small", respectively. 
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[0026] 	The sensor information includes the positional 

information on the train 200a acquired by the GPS, the 

reception intensity of mobile phone radio waves, the state 

of overhead lines, the temperature of rails, and the like, 

for example. Similarly to the train control information, 

the sensor information has a small data amount. The sensor 

information, however, need not be transmitted and received 

with communication quality as high as that of the train 

control information because the sensor information does not 

have the relationship to safety as high as that of the 

train control information. Consequently, the table 300 in 

FIG. 3 registers therein the communication quality and the 

data amount corresponding to the sensor information as 

"medium" and "small", respectively. 

[0027] 	Surveillance video (video taken by a surveillance 

camera in the train 200a) serving as the video information 

described above has a significantly large data amount but 

is not very important. If the surveillance video is 

transmitted and received with low communication quality, no 

major problem occurs. Consequently, the table 300 in FIG. 

3 registers therein the communication quality and the data 

amount corresponding to the surveillance video as "low" and 

"large", respectively. A content (including an 

advertisement or the like) serving as the video information 

described above has a smaller data amount than that of the 

surveillance video but is preferably transmitted and 

received with communication quality higher than that of the 

surveillance video. Consequently, the table 300 in FIG. 3 

registers therein the communication quality and the data 

amount corresponding to the content as "medium" and 

"medium", respectively. 

[0028] 	As described above, the pieces of predetermined 

information that can be transmitted and received in the 
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embodiment have different properties, such as the 

communication quality, the data amount, and the like 

suitable for transmission and reception, corresponding to 

their types. To secure the efficiency and the reliability 

in transmitting and receiving all the pieces of 

predetermined information to some degree, the embodiment 

determines the information transmission path and the 

priority (number of times of transmission and reception) 

for each type of the predetermined information considering 

the information indicating the properties of the 

predetermined information indicated in the table 300. 

[0029] 	Furthermore, the embodiment can acquire 

(calculate) the time length of wireless communications 

performed between each of the trains 200a and the second 

train 200a or the terrestrial communication device 100a 

from the operating information on the trains 200a included 

in the predetermined information. The embodiment may use 

the time length of wireless communications calculated from 

the operating information as one of the grounds for 

determining the information transmission path and the 

priority (number of times of transmission and reception) as 

described below. 

[0030] 	If the time length of wireless communications is 

short, the amount of data capable of being transmitted and 

received is limited. Consequently, it is preferable that 

the predetermined information having high importance and a 

small data amount be transmitted preferentially. By 

contrast, if the time length of wireless communications is 

long, a sufficient amount of data can be transmitted and 

received. Consequently, not only the predetermined 

information having high importance and a small data amount 

but also the predetermined information having low 

importance and a large data amount can be transmitted and 
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received. 

[0031] 	In consideration of the circumstances described 

above, the path determiner 102 and the priority determiner 

103 according to the embodiment may acquire the time length 

of wireless communications performed between each of the 

trains 200a and the second train 200a or the terrestrial 

communication device 100a based on the operating 

information. Then, the path determiner 102 and the 

priority determiner 103 may determine the information 

transmission path and the priority (number of times of 

transmission and reception), respectively, based on the 

acquired time length. The embodiment, for example, may 

switch a plurality of patterns of the information 

transmission path and the priority (number of times of 

transmission and reception) based on whether the time 

length acquired from the operating information exceeds a 

threshold. 

[0032] 	If the embodiment continuously uses the 

information transmission path and the priority (number of 

times of transmission and reception) once determined 

without any change, the embodiment may possibly fail to 

deal with a change in the situation and have lower 

efficiency and reliability in transmitting and receiving 

the predetermined information. 

[0033] 	If the communication band that can be used by the 

on-vehicle communicator 201 is narrow for the data amount 

of the predetermined information to be transmitted and 

received, for example, the probability of success in 

transmitting and receiving the predetermined information is 

reduced. In this case, the embodiment preferably secures 

the efficiency and the reliability in transmitting and 

receiving the predetermined information by changing the 

information transmission path and by making the priority 
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(number of times of transmission and reception) larger. 

Similarly, if the buffer size (storage capacity) that can 

be used to transmit and receive the predetermined 

information is small, the probability of success in 

transmitting and receiving the predetermined information is 

reduced. Also in this case, the embodiment preferably 

changes the information transmission path and makes the 

priority (number of times of transmission and reception) 

larger. 

[0034] 	Referring back to FIG. 2, the central 

communicator 101 and the on-vehicle communicator 201 

according to the embodiment transmit and receive parameters, 

such as the communication band and the buffer size, 

relating to transmission and reception of the predetermined 

information in a manner included in the predetermined 

information. The adjuster 104 analyzes the latest 

predetermined information acquired via the terrestrial 

communication device 100a and dynamically adjusts the 

information transmission path and the priority (number of 

times of transmission and reception) based on the analysis 

results. With this configuration, the embodiment can 

maintain the efficiency and the reliability in transmitting 

and receiving the predetermined information even if the 

situation changes. 

[0035] 	The success rate of transmitting and receiving 

the predetermined information can be acquired by directly 

counting the number of times of success with respect to the 

number of times of transmission and reception. 

Consequently, the embodiment may include the success rate 

of transmitting and receiving the predetermined information 

in the object to be analyzed by the adjuster 104 by 

transmitting and receiving the success rate of transmitting 

and receiving the predetermined information in a manner 
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included in the predetermined information. 

[0036] 	The content that can be transmitted and received 

as the predetermined information according to the 

embodiment is preferably always the latest one. 

Consequently, the central communicator 101 and the on-

vehicle communicator 201 according to the embodiment 

include a time stamp of the content in the predetermined 

information to be transmitted and received. The on-vehicle 

communicator 201 transmits and receives the content to and 

from the terrestrial communication device 100a or the 

second train 200a based on the time stamp such that the 

content provided in the train 200a provided with the on-

vehicle communicator 201 becomes a later one. With this 

configuration, the latest content provided from the central 

device 100 is distributed to all the trains 200a via the 

terrestrial communication device 100a. 

[0037] 	The content controller 202 according to the 

embodiment has a function of providing the content acquired 

(received) by the on-vehicle communicator 201 to the inside 

of the vehicle. The content controller 202, for example, 

controls a display device and a speech output device 

(neither of which is illustrated) provided to the train 

200a, thereby providing the content to the inside of the 

vehicle. 

[0038] 	The sensor information acquirer 203 according to 

the embodiment acquires the sensor information indicating 

the results of sensing performed by various kinds of 

sensors (not illustrated) provided to the train 200a. As 

described above, the sensor information includes various 

kinds of information, such as the positional information on 

the train 200a acquired by the GPS, the reception intensity 

of mobile phone radio waves, the state of overhead lines, 

the temperature of rails, and the like. 
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[0039] 	The sensor information, such as the positional 

information, the reception intensity of mobile phone radio 

waves, the state of overhead lines, the temperature of 

rails, and the like, indicates the surroundings of the 

train 200a. Consequently, the surroundings (e.g., weather) 

of the place where the sensor information is acquired can 

be assumed from the sensor information. If the temperature 

and the humidity of the overhead lines and the rails are 

acquired as the sensor information, for example, it can be 

assumed whether it is raining or snowing. 

[0040] 	As described above, the embodiment transmits and 

receives the sensor information on the trains 200a between 

the trains 200a as part of the predetermined information. 

Accordingly, by making the assumption based on the sensor 

information as described above, the trains 200a can assume 

in advance the surroundings at the place where they are 

going to run and then run in a manner suitable for the 

surroundings. 

[0041] 	The predictive controller 204 according to the 

embodiment assumes the surroundings at the place where the 

train 200a provided with the predictive controller 204 is 

going to run based on the sensor information acquired via 

wireless communications by the on-vehicle communicator 201. 

Then the predictive controller 204 predictively performs 

running control in response to the assumption results. 

[0042] 	The sensor information according to the 

embodiment can include the results of sensing performed by 

a maintenance sensor for various kinds of devices provided 

in the train 200a, which is not described above. A sign of 

an abnormality (failure) of the corresponding device can be 

detected from the sensor information on the maintenance 

sensor. Consequently, the embodiment may employ the 

technique of determining whether a sign of a failure is 
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detected based on the sensor information and transmitting 

and receiving, if a sign of a failure is determined to be 

detected by an event-driven system or the like, only the 

video information relating to the device having the sign of 

the failure as the predetermined information. 

[0043] 	The following describes the procedure of the 

control operation according to the embodiment. 

[0044] 	FIG. 4 is an exemplary flowchart of a schematic 

procedure of the processing performed by the central device 

100 according to the embodiment. 

[0045] 	At S41 illustrated in FIG. 4, the path determiner 

102 according to the embodiment determines the information 

transmission path for efficiently and reliably transmitting 

and receiving the predetermined information between the 

central device 100 (terrestrial communication device 100a) 

and the on-vehicle device 200 (train 200a) and between the 

trains 200a. At S42, the priority determiner 103 

determines the priority in transmitting and receiving the 

predetermined information. The matters to be considered in 

determining the information transmission path and the 

priority are not explained herein because they have been 

described above. 

[0046] 	At S43, the central communicator 101 includes the 

information transmission path and the priority determined 

at S41 and S42 in the predetermined information and 

transmits and receives the predetermined information to and 

from the train 200a (on-vehicle device 200) present in the 

communication available range A of the terrestrial 

communication device 100a. 

[0047] 	At S44, the adjuster 104 analyzes the latest 

predetermined information acquired at S43. At S45, the 

adjuster 104 then adjusts the information transmission path 

and the priority determined at S41 and S42 based on the 
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analysis results acquired at S44. Subsequently, the 

processing is ended. 

[0048] 	FIG. 5 is an exemplary flowchart of a schematic 

procedure of the processing performed by the on-vehicle 

device 200 according to the embodiment. 

[0049] 	At S51 illustrated in FIG. 5, the central 

communicator 101 according to the embodiment transmits and 

receives the predetermined information to and from the 

central device 100 (terrestrial communication device 100a) 

or the second train 200a (on-vehicle device 200). To 

transmit and receive the predetermined information at S51, 

the information transmission path and the priority received 

most recently are used. 

[0050] 	At S52, the on-vehicle device 200 then performs 

processing in response to the predetermined information 

acquired by transmission and reception at S51. 

[0051] 	The processing described below is an example of 

the processing performed at S52. 

[0052] 	FIG. 6 is an exemplary flowchart of the 

processing in response to the predetermined information 

performed by the on-vehicle communicator 201 of the on-

vehicle device 200 according to the embodiment. 

[0053] 	At S61 in the processing procedure illustrated in 

FIG. 6, the on-vehicle communicator 201 acquires the 

information transmission path and the priority from the 

predetermined information transmitted and received at S51 

in FIG. 5, for example. 

[0054] 	At S62, the on-vehicle communicator 201 then 

transmits and receives the predetermined information 

possessed by itself based on the information transmission 

path and the priority acquired at S61. Subsequently, the 

processing is ended. 

[0055] 	The processing described below is another example 
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of the processing performed at S52 in FIG. 5, which is 

different from the processing illustrated in FIG. 6. 

[0056] 	FIG. 7 is an exemplary flowchart of the 

processing in response to the predetermined information 

performed by the on-vehicle communicator 201 and the 

content controller 202 of the on-vehicle device 200 

according to the embodiment. 

[0057] 	At S71 in the processing procedure illustrated in 

FIG. 7, the on-vehicle communicator 201 acquires the time 

stamp of the content from the predetermined information 

transmitted and received at S51 in FIG. 5, for example. 

[0058] 	At S72, the on-vehicle communicator 201 then 

transmits and receives the content serving as one of the 

predetermined information considering the time stamp 

acquired at S71 such that the content possessed by itself 

and the communication partner is the latest one. If the 

content possessed by the on-vehicle communicator 201 is 

older than that possessed by the communication partner, for 

example, the on-vehicle communicator 201 receives the 

content from the communication partner, thereby updating 

the content possessed by itself. If the content possessed 

by the on-vehicle communicator 201 is newer than that 

possessed by the communication partner, the on-vehicle 

communicator 201 transmits the content to the communication 

partner, thereby causing the communication partner to 

update the content. 

[0059] 	At S73, the content controller 202 then provides 

the latest content acquired as the result of S72 to the 

inside of the vehicle. Subsequently, the processing is 

ended. 

[0060] 	The processing described below is still another 

example of the processing performed at S52 in FIG. 5, which 

is different from the processing illustrated in FIGS. 6 and 



20 

7. 

[0061] 	FIG. 8 is an exemplary flowchart of the 

processing in response to the predetermined information 

performed by the on-vehicle communicator 201 and the 

predictive controller 204 of the on-vehicle device 200 

according to the embodiment. 

[0062] 	At S81 in the processing procedure illustrated in 

FIG. 8, the on-vehicle communicator 201 acquires the sensor 

information from the predetermined information transmitted 

and received at S51 in FIG. 5, for example. 

[0063] 	At S82, the predictive controller 204 then 

assumes the surroundings of the place where the train 200a 

provided with the predictive controller 204 is going to run 

based on the sensor information acquired at S81. 

[0064] 	At S83, the predictive controller 204 then 

predictively performs running control in response to the 

surroundings assumed at S82. Subsequently, the processing 

is ended. 

[0065] 	As described above, the central device 100 

according to the embodiment includes the path determiner 

102. The path determiner 102 determines the information 

transmission path between a plurality of trains 200a for 

consolidating information in a train 200a that performs 

wireless communications with the terrestrial communication 

device 100a out of the trains 200a based on at least the 

operating information on the trains 200a. The on-vehicle 

communicator 201 of the on-vehicle device 200 acquires the 

information transmission path directly from the central 

device 100 via the terrestrial communication device 100a or 

indirectly from the central device 100 via the terrestrial 

communication device 100a and the second train 200a. Based 

on the acquired information transmission path, the on-

vehicle communicator 201 transmits and receives the 
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predetermined information to and from the terrestrial 

communication device 100a or the second train 200a. With 

this configuration, the embodiment can quickly transmit the 

predetermined information on the trains 200a to the central 

device 100 without providing any relay devices that relay 

the communications between the on-vehicle devices 200 and 

the central device 100 on the routes R1 and R2. 

[0066] 	<MODIFICATIONS> 

The embodiment described above can quickly transmit 

information from the on-vehicle devices 200 to the central 

device 100 using a mobile communication network, such as a 

mobile phone network. If the on-vehicle devices 200 of all 

the trains 200a have the function of performing 

communications using the mobile communication network, 

however, the configuration is complicated, resulting in an 

increased cost. To use the mobile communication network, 

it is efficient that only the on-vehicle devices 200 of 

some specific trains 200a have the function of performing 

communications using the mobile communication network. 

[0067] 	A modification that uses the mobile communication 

network (mobile phone communication network) preferably 

determines the information transmission path and the 

priority considering the quality of the communication 

environment (radio wave environment). The radio wave 

environment can be acquired as one of the sensor 

information, for example. In this modification, the radio 

wave environment in an on-rail area of a specific train 

200a having the function of performing communications using 

the mobile communication network is stored in a table form 

as described below. 

[0068] 	FIG. 9 is an exemplary diagram of a specific 

example of the radio wave environment that can be 

considered in the modification of the embodiment. A table 
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900 illustrated in FIG. 9 registers therein identification 

information (ID) on the specific train 200a having the 

function of performing communications using the mobile 

communication network (mobile phone communication network) 

and the radio wave environment in the on-rail area of the 

specific train 200a in a manner associated with each other. 

In the example illustrated in FIG. 9, three kinds of 

parameters, that is, the average value, the minimum value, 

and the maximum value of the reception intensity of mobile 

phone radio waves from a mobile phone base station are 

stored as the parameters indicating the radio wave 

environment. 

[0069] 	The table 900 illustrated in FIG. 9 is updated as 

needed based on the latest predetermined information 

(sensor information). The central device 100 according to 

the modification uses the table 900 illustrated in FIG. 9, 

thereby determining the information transmission path and 

the priority considering the latest communication 

environment (radio wave environment) of the mobile 

communication network (mobile phone communication network). 

[0070] 	According to the table 900 illustrated in FIG. 9, 

for example, the on-rail area of the train 200a having the 

train ID "1" has a maximum value of the reception intensity 

of mobile phone radio waves of "-30 dBm" and an average 

value of "-50 dBm". Consequently, the on-rail area of the 

train 200a having the train ID "1" is suitable to transmit 

and receive a large amount of data, such as the video 

information. The on-rail area of the train 200a having the 

train ID "1", however, is not suitable to transmit and 

receive data that requires continuous communications, such 

as the sensor information, because it has a minimum value 

of "-90 dBm". By contrast, the on-rail area of the train 
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200a having the train ID "3" has a maximum value of the 

reception intensity of mobile phone radio waves of "-45 

dBm" and an average value of "-70 dBm". Consequently, the 

on-rail area of the train-200a having the train ID "3" is 

not as suitable as that of the train 200a having the train 

ID "1" to transmit and receive a large amount of data. The 

on-rail area of the train 200a having the train ID "3", 

however, is more suitable than that of the train 200a 

having the train ID "1" to transmit and receive data that 

requires continuous communications because it has a minimum 

value of "-80 dBm". 

[0071] 	With the table 900 illustrated in FIG. 9, it can 

be determined which train 200a is suitable to transmit and 

receive which predetermined information. Consequently, the 

modification determines the information transmission path 

and the priority indicating which predetermined information 

is to be preferentially consolidated in which train 200a by 

considering the communication environment (radio wave 

environment) of the mobile communication network (mobile 

phone communication network) using the table 900 

illustrated in FIG. 9, for example. Therefore, similarly 

to the embodiment described above, the modification using 

the mobile communication network can efficiently and 

reliably transfer the predetermined information on the 

trains 200a to the central device 100. 

[0072] 	The embodiment described above may use a non-

directional antenna or a directional antenna as the antenna 

of the train. With the latter antenna having directivity, 

the embodiment can improve the reliability in transmitting 

and receiving data by appropriately adjusting the 

directivity of the antennas of two trains when they are 

passing each other, for example. Therefore, the on-vehicle 
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device according to the embodiment described above may 

include an antenna controller that controls (as software) 

the directivity of the antenna of the train provided with 

the on-vehicle device. To adjust the directivity, the 

embodiment considers information, such as the time at which 

the trains pass each other, the speed (acceleration) of the 

trains when they are passing each other, the period of time 

while the trains are passing each other, the distance 

between the trains passing each other (distance between the 

rails), and the like. 

[0073] 	By acquiring wind pressure information and 

electrical signals and vibration information transmitted 

from the second train (e.g., a train in the opposite lane) 

via the rails, for example, the embodiment described above 

can calculate the time to perform wireless communications 

with the second train (time to come sufficiently close to 

the second train to perform wireless communications) from 

these pieces of information. Consequently, the embodiment 

may include the wind pressure information, the electrical 

signals, and the vibration information in the sensor 

information. With this configuration, the embodiment may 

calculate the time to perform wireless communications with 

the second train 200a using the sensor information as a 

supplementary of the operating information. 

[0074] 	In the description above, the technique according 

to the embodiment is applied to the trains. The technique 

according to the embodiment is also applicable to buses and 

other means of transportation (vehicles) having an 

operating schedule determined in advance. Furthermore, the 

technique according to the embodiment is also applicable to 

an information sharing system between different means of 

transportation, such as between trains and busses. 

[0075] 	The embodiment described above may be applied to 
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trains provided with a storage battery and include 

information on energy consumption in the predetermined 

information. Examples the information on energy 

consumption include, but are not limited to, the residual 

quantity of the storage battery, the used quantity of the 

storage battery, the state of charge (SOC), the capacity 

(e.g., rated capacity and discharge capacity) of the 

storage battery, the type (properties) of the storage 

battery, the state of health (SOH). indicating a degraded 

state of the storage battery, information on an abnormality 

of the storage battery, information on the temperature 

(humidity) of the storage battery, the number of times of 

charge and discharge of the storage battery, the discharged 

quantity of the storage battery, the number of cycles of 

the storage battery, the depth of discharge (DOD) 

indicating the depth of discharge of the storage battery, 

the life (remaining available time, longevity, and 

durability) of the storage battery, vibration information 

on the storage battery, the size of the storage battery, 

the energy density of the storage battery, the energy 

efficiency of the storage battery, the state of function 

(SOF) indicating the power supply and reception capacity, 

etc. 

[0076] 	By using the information on energy consumption 

described above, the embodiment can use the electric power 

efficiently in the entire railway system including the 

electric power system, leading to reduced load on the 

environment (energy saving). Let us assume a case where 

the storage battery is charged by contactless power supply 

while the train is stopped at a station, for example. In 

this case, by using the information described above, the 

embodiment can save energy in the entire railway system 

considering various parameters, such as a stoppage time 
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(charge available time), a time until the train is stopped 

at the next station (time until the next charge available 

time), a discharge time, a regeneration time, and the like. 

Furthermore, the embodiment can preferentially charge a 

storage battery of a train having a less residual amount of 

charge considering a charge available capacity of a 

charging stand and availability of the charging stand 

including the residual amount of charge, for example. 

[0077] 	While the embodiment and the modification thereof 

according to the present invention have been described, the 

embodiment and the modification thereof are given by way of 

example only and are not intended to limit the scope of the 

invention. The novel embodiment and the modification 

thereof may be embodied in a variety of forms, and various 

omissions, substitutions, and changes may be made without 

departing from the spirit of the invention. The embodiment 

and the modification thereof fall within the scope and the 

spirit of the invention and within the invention described 

in the accompanying claims and its equivalents. 
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CLAIMS 

1. 	A vehicle communication system comprising: 

a central device that is connected to a terrestrial 

communication device capable of performing a wireless 

communication with an object present in a predetermined 

first communication available range; and 

an on-vehicle device that is provided to each of a 

plurality of vehicles running on a route connected to 

terrestrial equipment including the terrestrial 

communication device, the on-vehicle device including an 

on-vehicle communicator capable of performing a wireless 

communication with an object present in a predetermined 

second communication available range, wherein 

the central device comprises: 

a path determiner that is configured to determine 

an information transmission path between the vehicles for 

consolidating information in a vehicle that performs the 

wireless communication with the terrestrial communication 

device out of the vehicles based on at least operating 

information on the vehicles; and 

a central communicator that is configured to 

transmit and receive predetermined information including 

the information transmission path to and from a vehicle 

present in the first communication available range of the 

terrestrial communication device via the terrestrial 

communication device, and 

the on-vehicle communicator is configured: 

to acquire the information transmission path 

directly from the central device via the terrestrial 

communication device or indirectly from the central device 

via the terrestrial communication device and a second 

vehicle; and 

to transmit and receive the predetermined 
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information to and from the terrestrial communication 

device or the second vehicle present in the second 

communication available range based on the acquired 

information transmission path. 

2. The vehicle communication system according to claim 1, 

wherein 

the central device further comprises 

a priority determiner that is configured to 

determine priority in transmitting and receiving the 

predetermined information, 

the predetermined information includes the priority, 

and 

the on-vehicle communicator is configured: 

to acquire the priority directly from the central 

device via the terrestrial communication device or 

indirectly from the central device via the terrestrial 

communication device and the second vehicle; and 

to transmit and receive the predetermined 

information based on the acquired priority. 

3. The vehicle communication system according to claim 2, 

wherein 

the priority includes number of times of transmitting 

and receiving the same information in an overlapping manner 

in one wireless communication, and 

the priority determiner is configured: 

to estimate number of the second vehicles capable 

of being a communication partner until the on-vehicle 

communicator of each of the vehicles performs the wireless 

communication with the terrestrial communication device 

based on the operating information; and 

to determine the number of times of transmission 
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and reception for each of the vehicles such that the number 

of times of transmission and reception is larger as the 

number of the second vehicles is smaller. 

4. The vehicle communication system according to claim 2 

or 3, wherein 

the path determiner is configured to determine the 

information transmission path based on a property of the 

predetermined information, and 

the priority determiner is configured to determine the 

priority based on a property of the predetermined 

information. 

5. The vehicle communication system according to any one 

of claims 2 to 4, wherein 

the path determiner is configured to acquire a length 

of a time in which each of the vehicles performs the 

wireless communication with the second vehicle and the 

terrestrial communication device based on the operating 

information and to determine the information transmission 

path based on the acquired length of the time, and 

the priority determiner is configured to acquire the 

length of the time in which each of the vehicles performs 

the wireless communication with the second vehicle and the 

terrestrial communication device based on the operating 

information and to determine the priority based on the 

acquired length of the time. 

6. The vehicle communication system according to any one 

of claims 2 to 4, wherein 

the central device further comprises 

an adjuster that is configured to analyze the 

latest predetermined information acquired via the 
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terrestrial communication device, and to dynamically adjust 

the information transmission path and the priority based on 

an analysis result. 

7. The vehicle communication system according to any one 

of claims 1 to 6, wherein 

the predetermined information includes a content 

provided in the vehicles and a time stamp of the content, 

and 

the on-vehicle communicator is configured to transmit 

and receive the content to and from the terrestrial 

communication device or the second vehicle based on the 

time stamp such that the content provided in the vehicle 

provided with the on-vehicle communicator is a later 

content. 

8. The vehicle communication system according to any one 

of claims 1 to 7, wherein 

the predetermined information includes sensor 

information indicating a result of sensing surroundings of 

the vehicles, and 

the on-vehicle device further comprises 

a predictive controller that is configured to 

assume the surroundings at a place where the vehicle 

provided with the predictive controller is going to run 

based on the sensor information acquired via the wireless 

communication by the on-vehicle communicator, and to 

predictively perform running control corresponding to an 

assumption result. 


