
Description 

TRAIN CAR-TO-CAR COMMUNICATION DEVICE 

Technical Field 

[0001] 

The present invention relates to a communication device 

used for communication within a car, between cars, and between 

compositions including one or more cars of a train in a railroad 

or the like. 

Background Art 

[0002] 

In a train in which two compositions having different 

composition directions are coupled, a problem that doors 

indicating the right side in one composition and doors 

indicating the right side in the other composition are doors 

on the opposite sides to each other arises. In order to solve 

the problem, a method of resolving the disagreement in 

recognition of upstream and downstream directions between 

communication relay uni ts on a transmission line is disclosed 

(e.g., see Patent Document 1). Specifically, when 

compositions having different composition directions are 

coupled, the reccgni ti on of upstream and downstream directions 

is inversed in all communication relay uni ts within one 

composition, and thereby, agreement is obtained in recognition 

of upstream and downstream directions of communication relay 

units between compositions. 
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[ 0003] 

Patent Document 1: JP-A-2005-168126 

Disclosure of the Invention 

Problems that the Invention is to Solve 

[0004] 

In a conventional train car-to-car communication network, 

it is necessary to disrupt communication during execution of 

processing of inverting the recognition of upstream and 

downstream directions in communication relay units within one 

compos ion. When the communication is disrupted, a problem 

of delay of processing occurs. Further, to disrupt the 

communication, it is necessary to provide complicated means 

for reliable disruption during communication processing, and 

thus, there are problems that the time for communication 

disruption increases and errors become easier to occur. 

[0005] 

The invention has been achieved to solve the above 

described problems, and a purpose of the invention is to obtain 

a train car-to-car communication network capable of continuous 

communication processing without disruption of communication 

processing when compositions in different composition 

directions are coupled. 

Means for Solving the Problems 

[0006] 

A train car-to-car communication device includes: a 
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terminal provided in a composition including one or more cars 

for transmitting and receiving information; an 

intra-composition transmission line connected to the terminal 

within the same composition for transmitting the information; 

a composition-to-composition communication relay unit 

connected to the intra-composition transmission line for 

receiving first information as the information from the 

terminal within the composition and transmitting the first 

information to the other adjacent composition, and receiving 

second information as the information from the other adjacent 

composition and transmitting the second information to the 

terminal within the composition of interest; and a 

composition-to-composition transmission line for connecting 

the composi on-to-composition communication relay units of 

the adjacent compositions and transmitting the information, 

and the composition-to-composition communication relay unit 

includes composition direction determining means for 

determining a difference between composition directions of the 

composition as a transmission source of the received 

information and the composition directions of the composition 

to which the composition-to-composition communication relay 

unit of interest belongs, and direction-dependent information 

rewriting means for rewriting to invert direction-dependent 

information contained in the received information if the 

composition direction determining means determines that the 
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composition directions are different. 

Advantages of the Invention 

[0007] 

The invention can continue communication processing 

without disruption of cormnunication processing even when 

compositions having different composition directions are 

coupled because the direction-dependent information rewriting 

means rewrites direction-dependent information contained in 

a communication packet when composition directions of adjacent 

compositions are different. 

Brief Description of the Drawings 

[0008] 

[Fig. 1] A configuration diagram of a train car-to-car 

communication device showing embodiment 1 of the invention. 

[Fig. 2] An explanatory diagram of a 

composition-to-composition communication relay unit of 

embodiment 1 of the invention. 

[Fig. 3] An explanatory diagram of the 

composition-to-composition communication relay means of 

embodiment 1 of the invention. 

[Fig. 4] An explanatory 

composition-to-composition relay 

embodiment 1 of the invention. 

diagram 

detouring means 

of 

of 

[Fig. 5] An explanatory diagram of a terminal and 

monitor-controlled instruments of embodiment 1 of the 
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invention. 

[Fig. 6] An explanatory diagram of a packet of embodiment 

1 of the invention. 

[Fig. 7] An explanatory diagram of criteria of composition 

direction determination of embodiment 1 of the invention. 

[Fig. 8] A configuration diagram of a train car-to-car 

communication device of embodiment 1 of the invention. 

[Fig. 9] An explanatory diagram of packets of embodiment 

1 of the invention. 

[Fig. 10] An explanatory diagram of packets of embodiment 

1 of the invention. 

[Fig. 11] A configuration diagram of a train car-to-car 

communication device of embodiment 2 of the invention. 

[Fig. 12] A configuration diagram of a 

composition-to-composition communication relay unit of 

embodiment 2 of the invention. 

[Fig. 13] An explanatory diagram of criteria of composition 

direction determination of embodiment 2 of the invention. 

[Fig. 14] A configuration diagram of a train car-to-car 

communication device of embodiment 3 of the invention. 

[Fig. 15] A configuration diagram of a 

composition-to-composition communication relay unit of 

embodiment 3 of the invention. 

[Fig. 16] A configuration diagram of a train car-to-car 

conununication device of embodiment 4 of the invention. 
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[Fig. 17] An explanatory diagram of an IP address of 

embodiment 4 of the invention. 

[Fig. 18] An explanatory diagram of IP addresses of 

transmission ports of embodiment 4 of the invention. 

[Fig. 19) An explanatory diagram of criteria of composition 

direction determination of embodiment 4 of the invention. 

[Fig. 20] A configuration diagram of a train car-to-car 

communication device of embodiment 4 of the invention. 

[Fig. 21] An explanatory diagram of a terminal and 

monitor-controlled instruments of embodiment 4 of the 

invention. 

[Fig. 22] An explanatory diagram of packets of embodiment 

4 of the invention. 

Description of Reference Numerals and signs 

[0009] 

1, la, lb 

unit 

composition-to-composition communication relay 

2 direction-dependent information rewriting means 

3 composition direction information adding means 

4 composition number adding means 

5 composition direction determining means 

15, 15a, 15b composition-to-composition transmission 

port 

lSc intra-composition transmission port 

16 composition-to-composition relay unit detouring means 
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19 composition-to-composition communication relay means 

20, 20a, 20b intra-composition car-to-car transmission 

line 

21 f 2la, 2lb 

line 

30, 30x, 30y 

31, 31a, 3lb 

32 instrument 

composition-to-composition 

terminal 

transmission port 

33 receiving part 

34 transmitting part 

40, 40a, 40b, 40c, 40d car 

41 composition 

101 data 

102 transmission source composition number 

transmission 

103 transmission source composition direction information 

Best Mode for Carrying Out the Invention 

[0010] 

Embodiment 1 

Fig. 1 is a configuration diagram showing a train 

car-to-car communication device in the embodiment. In the 

drawing, a composition 41 includes at least one car 40, and 

four cars 40a to 40d in Fig. 1. The composition 41 refers to 

a unit of train that is not divided at operation including one 

or more cars 40, and plural compositions 41 may be coupled in 

a train. 
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[0011] 

The composition 41 is provided with a 

composition-to-composition communication relay unit 1 that 

transmits and receives information between compositions 41. 

Further, a composition-to-composition transmission line 21 is 

provided as a transmission line that connects between the 

composition-to-composition communication relay units 1 of 

different compositions 41 and transmits information. Each car 

40 includes at least one terminal 30. The 

composition-to-composition communication relay unit 1 within 

and the respective terminals 30 within the composition are 

connected by an intra-composition car-to-car transmission 

line 20. 

[0012] 

The composition-to-composition communication relay 

unit 1 relays information transmitted from another composition 

through the composition-to-composition transmission line 21 

(21a) to the terminals 30 within the respective cars 40 via 

the intra-composition car-to-car transmission line 20. 

Further, the unit relays it to yet another composition 41 via 

another composition-to-composition transmission line 21 (21b) 

than the compos ion-to-composition transmission line 21 

(21a) through which the transmitted information has been 

received. 

[0013] 
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Furthermore, the composition-to-composition 

communication relay unit 1 relays information sent from the 

terminal 30 via the intra-composition car-to-car transmission 

line 20 to another composition via the 

composition-to-compos on transmission line 21. 

(0014) 

The terminal 3 0 receives the information from the 

composition-to-composition communication relay unit 1 via the 

intra-composition car-to-car transmission line 20 and 

controls each cars 40. Further, the composition 41 is provided 

with composition-to-composition transmission lines 21a, 2lb 

for communication with adjacent compositions 41. 

(0015] 

The information contains computer-processable data, and 

may be a packet as a unit of divided data flowing in a network 

t·Y 
layer a:M. a transport layer. 

(0016) 

As below, the respective units will be described. Fig. 

2 shows a configuration of the composition-to-composition 

communication relay unit 1. As in the drawing, the 

composition-to-composition communication relay unit 1 

includes two composition-to-composition transmission ports 

lSa, lSb, an intra-composition transmission port lSc, and 

composition-to-composition communication relay means 19 

connected to the ports. The composition-to-composition 
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communication relay means 19 relays information to another 

composition 41 via the composition-to-composition 

transmission ports lSa, lSb, and relays information to the 

terminals 30 within the composition via the intra-composition 

transmission port 1 

[0017] 

Fig. 3 shows an example of a configuration of the 

composition-to-composition communication relay means 19. In 

Fig. 3 (A), the composi tion-to-cornposi ti on communication relay 

means 19 has composition direction determining means S and 

direction~dependent information rewriting means 2. 

[0018] 

When relaying the infor:nation received from another 

composition 41 adjacent to the composition 41 itself, if the 

composition direction is different from that of the adjacent 

composition 41, the composition-to-composition communication 

relay means 19 performs rewriting to invert the 

direction-dependent information in the information sent from 

the other composition. If the composition direction is the 

same as that of the adjacent composition 41, the means do not 

perform rewriting to invert the direction-dependent 

information but relays the information as it is. The 

composition-to-composi on communication relay means 19 has 

the composition direction determining means S and the 

direction-dependent information rewriting means 2 in order to 
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re ize that. 

(0019) 

When relaying the information rece from another 

adjacent compos ion 41, if the other adjacent composition 41 

as a transmission source of the information and composition 

41 of st to which the compos to-composition 

commun on relay means 19 belongs are ferent in 

composition direction, the composition ion determining 

means 5 determines that the directions are rent, and if 

the composition directions are the same, means determines 

that 

[0020] 

directions are the same. 

Conceivable information as criteria determination of 

the composition direction in the composition direction 

determining means 5 is (1) information a physical form of 

a coupling unit between compositions or cars, and information 

equivalent to results from physical performance with electric 

signals, (2) information that the compos ion-to-composition 

communication relay means 19 of the composition 41 as the 

transmission source adds composition di on information to 

the transmission information, or the like. For example, for 

sion or the like indicating rst or second ( 1) , a 

di is provided in a predetermined location of a coupler 

and a mechanism of reading the depression provided in a 

predetermined location of a corresponding coupler. From the 
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result read by the reading mechanism, whether the direction 

of the coupled paitner is the first or second direction is 

obtained, and the. difference in composition direction is 

determined according to the direction of the coupled partner 

and whether the direction of the coupler of interest the 

cars of its own is the first or second direction. Specifically, 

if the first and the second directions are the same, the 

composition directions can be determined to be different, and 

if the first and the second directions are different, the 

composition directions can be determined to be the same. In 

place of the depression, electric signals may be used for 

discrimination of the first or second direction. 

[0021] 

Here, the agreement and disagreement in composition 

direction may be determined according to a relationship 

relative to the adjacent composition only, and may not 

necessary to be determined in view of absolute directions such 

as "up" and "down". Whether the direction-dependent 

information is inverted or not may be determined according to 

the relationship relative to the adjacent composition only. 

Further, it is necessary to explicitly change the settings 

according to train operation for determination in view of 

absolute directions such as "up" and "down", however, when the 

determination is made in view of the relationship relative to 

the adjacent composition, there is an advantage that the 
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setting change is not necessary because th~ setting:s determined 

when the composition is determined do not change in the later 

operation. 

[0022] 

If the directions are determined to be the same in the 

composition direction determining means 5, the 

composition-to-composition communication relay means 19 

outputs (relays) the information as it is. If the directions 

are determined to be different, the 

composition-to-composition communication relay means 19 

allows the direction-dependent information rewriting means 2 

to rewrite the received information and outputs (relays) the 

rewritten information. 

[ 0 02 3] 

The direction-dependent information rewriting means 2 

performs rewriting to invert the direction-dependent 

informati"on in the received information. As be1ow, rewriting 

of the direction-dependent information will be described. 

[0024] 

The direction-dependent information refers to 

discrimination information forming a pair for determining the 

position, direction, etc. within the composition and is 

determined with reference to the composition direction. The 

pair for determining the position, direction, etc. within the 

composition is, for example, "front" and "rear", "left" and 
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"right", "upstream" and "downstream", or the like. The 

composition direction is a direction from the rear toward the 

front in an anteroposterior positional relationship uniquely 

determined according to the configuration of the composition. 

As long as the definition is consistent, the direction may be 

defined as "a direction from the front to the rear". In the 

direction-dependent information, the above "left" and "right" 

are defined so that, as one faces the composition direction, 

the left may be "left" and the right may be "right". 

[0025] 

For instance, regarding the co:nposi tion direction of one 

composition, it may be assumed that the front. side as one sees 

the door defined as "right" on the right side is the first 

direction and the rear side is the second direction. Then, 

when two compositions are coupled, if both of the directions 

toward the coupled point in the respect compositions are 

the ·first direction, · the directions are determined to be 

different in the composition direction determining means 5. 

On the other hand, if the direction is the first direction in 

one of two compositions and the direction of the other is the 

second direction, the directions are determined to be the same 

in composition direction determining means 5. 

[ 002 6 J 

Further, inverting the direction-dependent information 

is to change one value of the direction-dependent information 
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to the other value in the pair. Sp fically, the information 

meaning "front" is rewritten to informatioh meaning "rear", 

the information meaning "left" to information meaning "right", 

and the information meaning "upstream" to information meaning 

"downstream". 

[0027] 

Fig. 3 (B) shows a configuration of another 

composition-to-composition communication relay means 19. In 

the drawing, the composi tion-to-composi ti on communication 

relay means 19 is configured to have composition direction 

information adding means 3 in addition to that described above. 

[0028] 

When the composition-to-composition communication 

relay unit 1 relays information (containing packets) to another 

compos ion 41, the composition direction information adding 

means 3 adds information on the direction of the adjacent 

composition 41· to be relayed as viewed· from the composition 

41 as the transmission source, i.e., the composition 41 to which 

the composition-to-composition communication relay unit 1 

belongs. 

[0029] 

For instance, if the transmission direction in the 

composition to which the corr.posi tion-to-coroposition 

communication relay unit 1 belongs is the second direction in 

the above example, the means adds information indicating the 
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second direction. If the information is transmitted in the 

opposite direction, the means adds information indicating the 

first direction. That is, composition direction information 

to be added changes according to the transmission direction. 

[0030] 

The composition 41 receiving the information to which 

the composition direction information has been added can 

compare the direction at the reception side and the composition 

direction information added to the received information and 

determine whether the composition directions are in agreement 

or not. For instance, if the reception side of the receiving 

composition 41 is the first direction and the information 

indicating the second direction has been added to the received 

information, the composition directions are determined to be 

the same in the composition direction determining means 5. 

[ 0 031] 

· · In ·this manner, ··the composition direction determining 

means 5 may determine whether or not the direction is the same 

as the direction of the adjacent composition from the 

information of the composition direction added in the 

composition direction information adding means 3 and the 

direction of the reception side. The 

composition-to-composition communication relay means 19 

rewrites the information in the direction-dependent 

information rewriting means 2 if the composition directions 
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are different. 

(0032} 

Fig. 3 (C) shows a configuration of a!lother 

composi tion-to-composi ti on communication relay means 19. I!l 

the drawing, the composi tion-to-composi ti on communication 

relay means 19 may be con gured to have composition number 

adding means 4 in addition to that described above. 

(0033] 

When the composition-to-composition communication 

relay unit 1 relays information to another composition 41, the 

composition number adding means 4 adds the composition number 

of the composition 41 as the transmission source, i.e., the 

composition to which the composition~to-composition 

communication relay unit 1 of interest belongs. Here, the 

composition number is a number assigned for discrimination of 

the individual composition in advance and unique in one train. 

[0034] 

The composition number adding means 4 is provided and 

the composition-to-composition communication relay means 19 

detects the change of the number of the adjacent composition 

41, and thereby, each composition-to-composition 

communication relay unit 1 can detect the change of the adjacent 

composition 41. 

(0035) 

The processing can be simplified utilizing the above 
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described composition number. Specifically, the composition 

direction determining means 5 is activated when the adjacent 

composition 41 is changed, whether the composition direction 

is the same as that of the adjacent composition or not is 

determined, and the result is stored in the 

composition-to-composition cormnunication relay means 19. 

Afterwards, until the adjacent composition 41 is changed, the 

direction-dependent information rewriting means 2 is 

activated to rewrite the information if the information stored 

in the composition-to-composition communication relay means 

19 indicates the different direction. When the 

composition-to-composition communication relay means 19 

detects that the adjacent composition 41 is changed from the 

composition number of the received information, the means 

activates the composition direction determining means 2 to 

store the determination result. According to the 

configuration, the composition direction determining means 2 

is not necessary to be constantly activated and the processing 

can be simplified. 

[0036] 

Next, the 

detouring means 

composi tion-to-composi ti on relay unit 

16 will be described. Fig. 4 shows a 

configuration of the composition-to-composition relay unit 

detouring means 16. The compos i tion-to-compos i ti on relay 

unit detouring means 16 shown in the drawing is provided in 
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a train car-to-car conununication network. The 

composi on-to-composition relay unit detouring means 16 

includes two switches 18 for switching between a detour path 

17 and a transmission line. The two switches 18 respectively 

have two statuses of a status of connecting the 

composition-to-composition transmission line 21 and the 

detour path 17 and a status of connecting the 

composition-to-composition transmission line 21 and the 

composition-to-composition communication relay unit 1. 

Hereinafter, the route connecting the 

composition-to-composition transmission line 21 and the 

detour path 17 is referred to as a detour path-side route and 

the route connecting the 

transmission line 21 

communication relay 

and the 

unit 1 

composition-to-composition 

composition-to-composition 

is referred to as a 

composition-to-composition communication relay unit-side 

route. 

[0037] 

The composition-to-composition relay unit detouring 

means 16 monitors the operating condition of the 

composition-to-composition co:mmunication relay unit 1. 

During the monitoring, in the normal condition, both of the 

switches 18 are set to the composition-to-composition 

communication ay unit-side route. During the monitoring, 

when an abnormality of the composition-to-composition 
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communication relay unit 1 is sensed, the switches 18 are set 

to the detour path-side route. In the latter case, the 

composition-to-composition transmission lines 21a and 21b are 

directly connected, and thereby, beth adjacent compositions 

41 are directly connected around the composition 41 of 

interest. 

[0038] 

The composi tion-to-composi ti on relay unit detouring 

means 16 may be adapted to sense an abnormality by determining 

that there is an abnormality when power-off of the 

composition-to-composition communication relay unit 1 is 

sensed or the number of errors of a watch dog timer exceeds 

a certain number. 

[ 0 03 9] 

By configuring the composition-to-composition relay 

unit detouring means 16 as described above, even when the 

composition-to-composition communication relay unit 1 

malfunctions, transmission can be made between both adjacent 

compositions 41 and availability can be improved. 

[0040] 

Further, when the above described 

composition-to-composition relay unit detouring means 16 is 

set to the detour path-side circuit, the 

compositicn-to-composi tion communication relay unit 1 has the 

composition number adding means 4 and can sense that the 
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adjacent composition has been changed. For instance, in the 

case where composition A, composition B, and composition C are 

coupled in the order of B, and C, when transmission is 

normally made, the transmission source composition number of 

the packet received by the composition C is the number of the 

composition B. When the composition B malfunctions, the 

switches 18 are set to the detour path-side circuit in the 

composition-to-composition relay unit detouring means 16, and 

the composition number of the packet received by the 

composition C is the number of the composition A. Therefore, 

in the composition c, the change of the packet transmission 

source can be known and the change of adjacent compositions 

can be sensed. 

[0041] 

Next, each terminal within the composition will be 

described. g. 5 shows a configuration of the terminal 30 

and monitor-controlled instruments 32. In the drawing/ the 

terminal 30 has a transmission port 31. The transmission port 

31 is connected to the composition-to-composition 

communication relay means 19 via the intra-composition 

transmission port 15c. The terminal 30 is connected to plural 

monitor-controlled instruments 32 and performs 

monitor-control processing of the connected instruments. The 

monitor-controlled instrument 32 includes an instrument for 

which contents being monitor-controlled and targets being 
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monitor-controlled are designated according to 

direction-dependent information such as doors and motors 

determined with the composition direction as reference. 

[0042] 

Next, a flow of information (containing packets) on the 

network of the train car-to-car communication device will be 

described. 

[0043] 

First, a flow when a packet is transmitted from the 

terminal 30 will be explained. The terminal 30 transmits data 

including information necessary for monitor-control 

containing direction-dependent information as a packet toward 

a communication destination terminal 30. When the 

communication destination is a terminal 30 within the 

composition 41, the transmitted packet passes through the 

intra-composition car-to-car transmission line 20 and reaches 

the target terminal· 30 without passing through the 

composition-to-composition communication relay unit 1. 

(0044) 

When the communication destination is a terminal 30 of 

another composition 41, the packet transmitted from the 

terminal 30 passes through the intra-composition car-to-car 

transmission line 20, reaches the composi tion-to-composi ti on 

communication relay unit 1 of the composition 41 of interest, 

and is received at the intra-composition transmission port 15c 
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of the composition-to-composition communication relay unit 1. 

When the information transmitted from the terminal 30 within 

the composition 41 of interest is received at the 

intra-composition transmission port 15c, the composition 

direction determining means 5 or the direction-dependent 

information rewriting means 2 is not activated. In the case 

where there are the composition direction information adding 

means 3 and the composition number adding means 4 of the 

composition-to-composition communication relay means 19, as 

shown in Fig.· 6, transmission source composition direction 

information 103 and transmission source composition number 102 

are respect ly added to the received packet containing the 

direction-dependent information. The 

composition-to-composition communication relay means 19 

relays (transmits) the packet to one or both of the 

composition-to-composition transmission ports 15a and 15b. 

[0045] 

The composition-to-composition communication relay 

unit 1 of the other adjacent composition 41 as the transmission 

destination receives the packet from the adjacent composition 

41 from one of the composition-to-composition transmission 

port 15a and 15b. The receiving composition-to-composition 

communication relay unit 1 relays the packet received from the 

composition-to-composition transmission port 15 to the 

intra-composition transmission port 15c and the other 
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composition-to-composition transmission port 15 (15a or 15b) 

than the port that has received the packet of interest. In 

this regard, the composition-to-composition communication 

relay means 19 activates the direction-dependent information 

rewriting means 2 if the determination by the composition 

direction determining means 5 or the stored composition 

·direction determination result indicates the different 

direction. The direction-dependent information rewri ng 

means 2 inverts the direction-dependent information contained 

in the data part of the packet if the transmission source 

composition direction information 103 contained in the packet 

is different from the composition direction of the composition 

of interest. 

[0046] 

When relaying the packet received from the adjacent 

composition 41 to the intra-composition transmission port 15c, 

the composi tion-to-composi ti on communication relay means 19 

removes the transmission source composition direction 

information 103 and transmission source composition number 102 

from the received packet and relays the data part only. 

[0047] 

Further, for the relay to the composi tion-to-composi ti on 

transmission port 15a or 15b, the composition direction 

information adding means 3 and the composition number adding 

means 4 rewrite the transmission source composition direction 
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information 103 and transmission source composition number 102 

of the received packet to the composition direction and the 

composition number of the composition 41 of interest, 

respectively, and relay them. 

[0048] 

As the composition direction information added by the 

composition direction information adding means 3, for example, 

port numbers of the composition-to-composition transmission 

ports 15a, 15b within the composition-to-composition 

communication relay unit 1 in Fig. 2 may be used. The 

composition direction information is information indicating 

the direction of the adjacent composition 41 as the 

transmission source in the composition 41 itself, and values 

indicating the composition-to-composition transmission ports 

15a, 15b of the same composition 41. Note that, regarding the 

number provided to the composition-to-composition 

transmission port 15;· arrangement that the front side as one 

sees the "right" door at the right side is "a" and the rear 

side is "b" ("the first direction" and "the second direction" 

in the above description) between the compositions 41 having 

possibilities to be coupled is made and the number is set on 

the same basis. 

[ 0 04 9 J 

When the settings are as described above, agreement and 

disagreement in composition direction between the adjacent 

25 

IP-TEMP
Rectangle

IP-TEMP
Rectangle



composition 41 as the transmission source and the composition 

41 of interest are obtained by criteria in Fig. 7. That is, 

if the composition direction information of the 

composition-to-composition transmission port 15 as the 

transmission source and the composition direction information 

of the receiving composi tion-to-composi ti on transmission port 

15 in the composition 41 itself are the same, the composition 

directions of them are in disagreement (opposite directions) . 

If the composition direction information is different, the 

composition directions of them are determined to be in 

agreement (the same direction) . 

[0050] 

A method of storing the transmission source composition 

direction information 103 of the adjacent composition 41 when 

the composition condition is changed without including the 

transmission source composition direction information 103 in 

the packet in Fig. 6, and al lowing the composition direction 

determining means 5 to determine the composition direction 

based thereon may be used. However, when the composition 

direction of the adjacent composition 41 is changed due to 

coupling, dividing, changes in condition of the switches 18 

of the composition-to-composition relay unit detouring means 

16, etc., there are possibilities of receiving the packet 

transmitted after the change before the change reaches the 

composition direction determining means 5, and receiving the 
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packet transmitted before the change a er the change reaches 

the composition direction determining means 5. When the 

packet is transmitted before the change in composition 

direction reaches the composition direction determining means 

5, if the time of determination of the composition direction 

and the time of creation of the packet are different, processing 

may be inconsistent, that is, monitor-control that is supposed 

to be performed may be impossible. On the other hand, in the 

method of including the composition direction information in 

the packet, information as determination reference for 

composition direction is added when the packet is created, and, 

when the connection condition between the composition 41 and 

the composition 41 is changed, the change is transmitted 

together with the packet as a target of processing based on 

·the information. Accordingly, there is an advantage that the 

processing is held consistent. 

[0051] 

Further, the location where the direction-dependent 

information is stored may be determined with respect to each 

kind of packets, and the direction-dependent information 

storage location by kind of packets may be stored in the 

composition-to-composition communication relay unit 1. Thus 

configured, the composition-to-composition coifuuunication 

relay unit 1 can specify the direction-dependent information 

to be rewritten. Otherwise, adding format information 
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representing the storage location of the direction-dependent 

information with respect to each packet enables the 

cornpos ion-to-composition: communication relay unit 1 to 

rewri the direction-dependent information. 

(0052] 

As another method, a method of defining rewriting 

necess y information representing necessity to rewrite the 

direction-dependent information as a ag in a packet is 

conceivable. The rewriting necessity information is handled 

as direction-dependent information and set to rewriting target 

data by the direction-dependent information rewriting means 

2. Specifically, if the composition direction determining 

means 5 determines that the composition direction is different, 

the flag of the rewriting necessity information is inverted. 

Then, the other composition direction information contained 

in the packet is not set to the rewriting target by the 

direction-dependent information rewriting means·2 when the 

composition-to-composition communication relay means 19 

transmits the packet to the other compos ion 41, and the 

rewriting neces ty information is set to the rewriting target. 

(0053] 

When the composition-to-composition communication 

relay means 19 relays the packet to the intra-composition 

car-to-car transmission line 20, referring to the rewriting 

necessity information, and, if rewriting is necessary, the 

28 

IP-TEMP
Rectangle

IP-TEMP
Rectangle



directio~-dependent information rewriting means 2 rewrites 

the direction-dependent information within the packet and 

rewrites the rewriting necessity information to represent that 

the rewri tirig is unnecesqg.ry. According to the configuration, 

there is an advantage that processing is performed at a high 

speed because, in the case of relaying the compositions 41, 

the rewriting necessity information may be rewritten but 

rewriting of direction-dependent information requiring 

processing in a great amount is not performed. 

[0054] 

Further, a method of not rewriting the 

direction-dependent information contained in the packet when 

the composition-to-composition communication relay means 19 

relays the packet to the intra-composition car-to-car 

transmission line 20 but, in the terminal 30 receiving it and 

provided with the direction-dependent information rewriting 

· means·· 2; rewriting the direction-dependent information 

according to the rewriting necessity inforrr,ation may be 

possible. In this case, the terminal 30 that has first received 

the packet may sense the rewriting necessity information 

represents that rewriting is necessary, rewrite the 

direction-dependent information and rewrite the rewriting 

necessity information to represent that the rewriting is 

unnecessary, and transmits the packet to the downstream. 

Alternatively, not the terminal 30 that has first received but 
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the terminal 30 first utilizing the monitor-control 

information in the packet or the like in the transmission order 

may sense the rewriting necessity information representing 

that rewriting is necessary, rewrite the direction-dependent 

information and rewrite the rewriting necessity information 

to represent that the rewriting is unnecessary, and transmits 

the packet to the downstream. According to the configuration, 

there are advantages that, when no packet is utilized within 

the composition, processing of rewriting the 

direction-dependent information is not necessary and the 

amount of processing in the entire system can be reduced. 

[0055) 

Next, processing of the terminal 30 receiving the packet 

will be described. In the terminal 30 receiving the packet, 

the direction of the monitor-control target of the 

monitor-controlled instrument 32 is determined (the 

monitor-controlled instrument 32 is specified) based on the 

direction-dependent information, and monitor-control is 

performed. The direction-dependent information is rewritten 

in the composition-to-composition communication relay unit 1 

based on the composition directions of the composition 41 as 

the data transmission source and the composition 41 itself. 

Therefore, in the terminal 30 within the composition 41, the 

received direction-dependent information can be interpreted 

as it is and used. 
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[0056] 

Further, in the terminal 30, in processing of recording 

control condition and malfunction information relating to the 

direction-dependent information, the direction-dependent 

information can be used without special rewriting. For 

instance, when a con:unand of recording malfu=-iction information 

of a door in the terminal 30 is issued from another composition, 

the terminal 30 may record the direction information of the 

door and the malfunction information of the door of the 

composition 41 itself based on the direction-dependent 

information. 

[0057] 

When the recording information is loaded from the same 

composition as the composition in which the information has 

been recorded in the recorded information, the recorded 

direction of the door can be specified from the composition 

direction of· the composition 41 and the direction~dependent 

information within the recorded information. When the 

recording information is loaded from the composition different 

from the composition in which the information has been recorded 

in the recorded information, the composition direction 

determining means 5 of the composition-to-composition 

communication relay means 19 allows the direction-dependent 

information rewriting means 2 to rewrite the 

direction-dependent information within the recorded data 
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according to the connection direction of the compositions, and 

thereby, the recorded direction of the door can be specified 

from the composition direction of the composition from which 

the information has been loaded and the direction-dependent 

information within the recorded information. In either case, 

to analyze the recorded information, the information for 

specifying the composition from which the information has been 

loaded may be managed together with the recorded information. 

[0058] 

Next, a procedure of transmitting door control 

information in (the network configuration of) the above 

described train car-to-car communication device will be 

specifically described as below. 

[0059] 

Fig. 8 shows a configuration of a train car-to-car 

communication device used in the description. In the drawing, 

compositions 41A, 41B;· 41C are coupled in this· order. The 

composition directions of the composition 41A and composi on 

41B are opposite and the composition directions of the. 

composition 41B and composition 41C are the same. As below, 

the procedure of transmitting door control information will 

be described by taking the case as an example. 

[0060] 

The terminal 30 of each compos ion 41 has a connection 

transmission channels a, b for monitor-control of a door left 
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32a and a door right 32b, respectively. The discrimination 

information of the door left and the door right is 

direction-dependent information. For instance, when the 

composition direction is changed relative to the reference such 

as the rail track, the physical positions of the doors relative 

to the reference (rail track) are switched. In other words, 

the physical positions of the doors relative to the rail track 

corresponding to the door left as, the direction-dependent 

information are opposite to each other between the composition 

A and the composition Bin the different composition directions. 

Further, the physical positions of the doors relative to the 

rail track corresponding to the door left as 

composition-dependent information are the same between the 

composition B and the composition C in the same composition 

direction. 

[0061] 

Regarding-the case where a packet of "right door~open" 

(Fig. 9 (A)) from a certain terminal 30 of the composition 41A, 

processing of the respective parts will be described along the 

flow of the packet. The packet to be transmitted is door 

control information intended to open the doors in the same 

direction with reference to the rail track. 

(0062] 

The packet transmitted from the terminal 30 of the 

composition 41A reaches the intra-composition transmission 
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port 15c of the compo tion-to-compos ion communication 

relay unit 1 of the composition 41A. The transmission source 

composition number 102 and the transmission source composition 

direction information 103 are added to the received packet by 

the composition number adding means 4 and the composition 

direction information adding means 3 of the 

composition-to-composition transmission relay means 19. In 

this regard, the port number (a or b) of the 

composition-to-composition transmission port 15 outputting 

the packet is added as the transmission source composition 

direction information 103. In the drawing, at transmission 

from the composition-to-composition transmission port 15a, a 

is added (in the case of the drawing). Further, at transmission 

from the composition-to-composi on transmission port 15b, b 

is added. The respective packets are shown in Figs. 9 (C), (B) . 

[0063] 

The packet 

composition-to-composition 

composition 41A (Fig. 

transmitted from 

transmission port 15a of 

9(C)) passes through 

the 

the 

the 

composition-to-compos on transmission port 1 of the 

composition 41B and reaches the composition-to-composition 

cormnunication relay means 19 of the composition 41B. Eere, 

the composition direction determining means 5 of the 

composition 41B compares the transmission source composition 

direction information 103 of the received packet (Fig. 9(C)) 
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and the port number of the col'.'tposition-to-composition 

transmission port 15a that has received it. As a result of 

the comparison, the composition directions of the composition 

41A as the transmission source and the composition 41B itself 

are kno.wn~ .. to be opposite because they are the same such that 

they are a and a. Therefore, the composition-to-composition 

communication relay means 19 uses the direction-dependent 

information rewriting means 2 to invert the "door right" as 

the direction-dependent information within the packet and 

rewrites it to "door left" (Fig. 9(D)). 

[0064] 

Then, the transmission source composition direction 

information 103 and the transmission source composition number 

102 are removed from the above packet (Fig. 9(D)) by the 

composition-to-composition communication relay means 19 of 

the composition 41B 

information removed 

intra-composition 

10 (A) ) • The packet with the (Fig. 

(Fig. 10 (A) ) is transmitted from the 

transmission port 15c to the 

intra-composition car-to-car transmission line 20 of the 

composition 41B. The terminal 30 of the composition 41B 

controls the doors to open according to the "door left-open" 

contained in the received packet (Fig. 10(A)). 

[0065] 

"b" as the transmission source composition direction 

information 103 is added to the above packet (Fig. lO(A)) by 

35 

IP-TEMP
Rectangle



the composition direction information adding means 3 of the 

composition-to-composition communication relay means 19 of 

the composition 41B, and B is added thereto as the transmission 

source composi on number 102 by the composition number adding 

means 4 (Fig. 10 (B)). Then, the above packet (Fig. 10 (B)) is 

transmitted from the composition-to-composition transmission 

port 15b of the composition 41B, and passes through the 

composition-to-composition transmission port 15a of the 

composition 41C and reaches the composition-to-composition 

communication relay means 19. 

[0066) 

Here, the composition direction determining means 5 of 

the composition-to-composition communication relay means 19 

of the composition 4 lC compares the transmission source 

composition direction information 103 of the received packet 

(Fig. 14 (B)) and the port number of the 

composition-to-composition transmission port 15a that has 

received it, and determines that the composition directions 

of the composition as the transmission source and the 

composition itself are the same. In this case, the 

composition-to-composition communication relay means 19 does 

not activate the direction-dependent information rewriting 

means and the above packet remains as it is (Fig. lO(C)). 

[0067) 

Then, the transmission source composition direction 
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information 103 and the transmission source composition number 

102 are removed from the above packet (Fig. lO{C)) by the 

composition-to-composition communication relay means 19 of 

the composition 41C (Fig. 10 (A)). The packet with the 

information removed g. 10 (A)) is transmitted from the 

intra-composition transmission port 15c to the 

intra-composition car-to-car transmission line 20 of the 

composition 41C. The terminal 30 of the compos ion 41C 

controls the doors to open according to the "door left-open" 

contained in the received packet (Fig. lO(AJ). 

[0068] 

Since the train car-to-car communication device operates 

the above described manner, the packet of "door ght-open" 

is rewritten to "door right-open", "door left-open", "door 

left-open" in the composition 41A, the composition 41B, the 

composition 41C, respectively, and transmitted to the 

·terminals 30 within the respective compositions 41A, 41B1· 41C. 

As a result, the door control packets are transmitted to the 

doors in the physically same direction in all compositions 

relative to the rail track as reference. 

[ 0069] 

As above, the composition-to-composition corn.~unication 

relay means 19 and the terminal 30 are realized in separate 

units, however, a configuration in which one of the terminals 

30 mounted on the car at the end of the composition performs 
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the function of the composition-to-composition communication 

relay means 19 may be possible. In this case, there are 

advantages that the number of component elements is reduced, 

the transmission lines cire not complex, and the device can be 

made compact. 

(0070] 

According to the above described configuration, there 

are advantages that the terminal 30 within the composition 41 

may only monitor-control the instruments connected according 

to the direction-dependent information, and processing of 

rewriting the direction-dependent information is not 

necessary in the respective terminals 30 and instruments 32. 

[0071] 

Normally, when the direction-dependent information is 

performed the terminals 30 and instruments 32, it is 

necessary that the composition direction of the composition 

41 belonging thereto and the composition direction of the 

composition 41 as the transmission source have been clear. 

However, when the information is inconsistent among the 

terminals 30 and the instruments 32, the correct operation is 

not performed. In a transitional condition such as coupling 

and division of the compositions 41, a mechanism for agreement 

of recognitions of the composition directions in the terminals 

30 and the instruments 32 is necessary. However, the terminals 

30 and the instruments 32 as targets for agreement of 
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recognitions are distributed, and the mechanism for agreement 

of recognitions becomes complex and the probability that an 

error occurs becomes higher. 

[0072] 

In the conventional train car-to-car communication 

network, it is necessary to disrupt the communication during 

execution of processing of inverting the recognition in 

communication relay units within one composition until the 

inversion of recognition is completed in all communication 

relay units. When the center is disrupted, a problem of delay 

of processing occurs. Further, to disrupt the communication, 

it is necessary to provide complicated means for reliable 

disruption during communication processing and means for 

confirmation of completion of inversion of the recognition in 

all communication relay uni ts. Therefore, there are problems 

that the time for communication disruption increases and errors 

·become easier to occur due to the means for reliable disruption 

during cormnunication processing and the means for confirmation 

of completion of inversion of the recognition in all 

communication relay uni 

[0073] 

Furthermore, in the conventional train car-to-car 

communication network, when three or more compositions are 

coupled and disconnection and connection of the transmission 

lines repeatedly occur due contact failure of couplers and 
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the like before the inversion of the recognition is completed 

in the communication relay units, the inversion processing of 

direction recognition falls into a state of repeated execution 

and becomes unable to perform stable operation. 

[0074] 

According to the embodiment, the train car-to-car 

communication 

information 

device rewrites direction-dependent 

the composition-to-composition communication 

relay unit 1 and needs no processing of determining whether 

rewriting the direction-dependent information is necessary or 

not in the respective terminals 30, and thus, it is not 

necessary to perform processing of inverting the recognition 

in the communication rel unit within one composition. 

Accordingly, the processing can be executed without disrupting 

the communication. Therefore, there is an advantage that the 

communication processing can be executed without the 

conventional problem of processing delay, problem of increase 

in the time for communication disruption, or problem that 

errors become easier to occur. 

(0075] 

Further, according to the embodiment, in the 

composition-to-composition communication ay unit 1, the 

direction-dependent information is rewritten, and since there 

is no need for processing of determining whether rewri ng the 

direction-dependent information is necessary or not in the 
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respective terminals 30, even when three or more compositions 

are coupled and disconnection and connection of the 

transmission lines repeatedly occur due to contact failure of 

couplers and the like, there is an advantage that there is no 

inversion processing of direction recognition and stable 

operation can be performed. 

[0076] 

According to the embodiment, the train car-to-car 

comrr.unication device rewrites direction-dependent 

information in the composition-to-composition communication 

relay unit 1, and thereby, it is not necessary to rewrite the 

direction-dependent information in the respective terminals 

30 according to the direction of the composition 41 itself. 

Therefore, there is an advantage that, even when the condition 

of the train car-to-car communication device (or network) is 

not stab at coupling or the li , the operation does not 

become ·unstable. 

[0077) 

For instance, in the case where a packet containing 

direction-dependent information is sent from the other 

composition 41 immediately after coupling to the other 

composition 41, in the composition 41 that has received the 

packet, the composition direction determining means 5 

determines the necessity of rewriting of the 

direction-dependent information from the composition 
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direction of the composition 41 itself and the composition 

direction information within the packet and, if necessary, the 

direction-dependent information rewriting means 2 rewrites 

the information, and therefore, there is no need to disrupt 

the communication and processing in the respective terminals 

30. 

[0078) 

Further, even when coupling to and separation from 

adjacent compositions are repeated due to contact failure of 

couplers between the compositions 41 or the like, the necessity 

of rewriting is determined according to the composition 

direction information within the information, and thus, the 

direction-dependent information within the packet that has 

been normally sent from the other composition 41 can be 

correctly interpreted in the respective terminals 30. 

[ 0 07 9] 

Furthermore, when switching of the switches 18 within 

the composi tion-to~composi tion relay unit detouring means 16 

shown in Fig. 4 is frequently performed, the necessity of 

rewriting of direction-dependent information is determined 

with respect to each packet, and thus, there is no difference 

between the recognition of the change in composition direction 

of the adjacent composition 41 and the determination of the 

necessity of rewriting of direction-dependent information. 

Therefore, the direction-dependent information can be 
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correctly interpreted in the respective terminals 30. 

[0080) 

Moreover, since the necessity of rewriting of 

direction-dependent information within transmitted 

information is performed according to the compos ion 

direction information within the information of interest, 

there is an advantage that the train car-to-car communication 

network can stably operate in the transitional period when the 

operation becomes easily unstable at change in composition, 

switching of detour paths, or the like. 

[0081] 

Embodiment 2 

In the above described embodiment, there is one 

composition-to-composition communication relay unit 1 in the 

composition 41, however, there may be two of them in 

composition 41. 

[0082) 

same 

Fig. 11 is a configuration diagram showing a train 

car-to-car communication device in the embodiment 2. Further, 

Fig. 12 is a configuration diagram showing a 

composition-to-composition communication relay unit 1 as a 

main part of the train car-to-car communication device. The 

same numerals are assigned to the same component elements as 

those in the above described embodiment. 

[0083] 
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In Fig. 11, the compos ions 41, the cars 40 (40a to 4.0d), 

the terminals 30, the composition-to-composition transmission 

1 s 21 are the same as those in the above described embodiment. 

As below, the 

[0084] 

cription of di rences will be centered. 

The composition-to-composition communication ay 

units 1 are provided on both ends of the intra-composition 

car-to-car transmission line 20, and there are two of them in 

composition 

communication 

41. 

relay 

The 

unit 

composition-to-composition 

1 includes one 

compos ion-to-composition transmi'ssion ports 1 an 

intra-composition transmission port 15c, and 

composition-to-composition communication relay means 19 as in 

Fig. 12. 

[0085] 

Further, the detour path 17 and the switches 18 of the 

composi tion-to-composi ti on relay unit detouring means 16 are· 

provided around both of the two composition-to-composition 

communication relay units 1 provided within the composition 

41. 

[0086] 

The i terns that are not described in the embodiment 

basically have the same configuration as those in the 

embodiment 1 and perform the same operation. 

[0087] 
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Next, a flow of ·a packet in the train car-to-car 

communication device of the embodiment will be described. 

rst, the terminal 30 transmits data including information 

necessary for monitor-control containing direction-dependent 

information as a packet. When the communication destination 

is a terminal 30 within the composition 41, the transmitted 

packet passes through the intra-composition car-to-car 

transmission line 20 and reaches the target terminal 30 without 

passing through the composition-to-composition communication 

relay unit 1. 

[0088] 

When the communication destination is a terminal 30 of 

another composition 41, the transmitted packet passes through 

the intra-composition car-to-car transmission line 20 and 

reaches both of the two composition-to-composition 

communication relay units 1 existing within the composition 

41 of interest. ·· Afterwards, the same operation is performed 

in any of the composition-to-compos ion communication relay 

units 1. The composition-to-composition communication relay 

unit 1 receives the packet from the intra-composition 

transmission port 15c. As shown in g. 6, the 

composition-to-composition communication relay means 19 adds 

the transmission source composition direction infor:nation 103 

and transmission source co:nposition number 102 to the received 

packet g. 6) containing the direction-dependent 
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information, and transmits and relays the packet from the 

composition-to-composition transmission port 15a. 

[ 0089] 

The composition-to-composition communication relay 

unit 1 of the adjacent composition 41 receives the packet g. 

6) from the adjacent composition 41 from the 

composition-to-composition transmission port 15a. The 

composition-to-composition communication relay unit 1 of the 

composition 41 that s received the packet relays the packet 

ived from the composition-to-composition transmission 

port 15a to the intra-composition transmission port 15c. In 

this regard, the composi tion-to-composi ti on communication 

relay means 19 uses the composition direction determining means 

5 to compare the transmission source compos ion rection 

information 103 contained 

direction information of 

the packet and the composition 

composition-to composition 

communication relay unit 1 of interest in the composition 41 

interest and determines whether the composition direction 

is the same or not. If the information different from the 

composition direction of the composition 41 of interest, the 

direction-dependent information rewriting means 2 performs 

rewriting to invert the direction-dependent information 

contained in the data part of 

[0090] 

packet. 

When relaying the packet received from the adjacent 
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composition to the intra-composition transmis on po 15c, 

the means removes the transmiss source composition 

direction information 103 and transmission source composition 

number 102 from the packet in Fig. 6 and relays the data part 

only to the intra-composition car-to-car transmission line 20 

of the composition 41 of interest. 

[0091] 

Further, for the relay from the 

composition-to-composition transmission port 1 to the other 

adjacent compos ion, the composition direction information 

adding means 3 and the composition number adding means 4 rewrite 

transmission source composition direction information 103 

and transmission source composition number 102 of the received 

packet to the compo tion direction and the composition number 

of the composition of interest, respectively. 

[0092] 

Here, a method of determining the difference between the 

transmission source composition direction information 103 and 

the composition direction will be described. It is assumed 

that the composition direction information adding means 2 

writes an identifier of the composition- composition 

communication relay unit 1 that performs relay processing with 

reference to the composition direction where an identifier 

of the composition-to-composition communication relay unit 1 

at the front side is a and an identi er of the other one is 
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b. Here, the front side may be considered to be the front side 

as one sees the side set to "right" in the composition at the 

right side, for example. 

[0093] 

The criteria for determining whether the composition 

direction is the same as that of the composition 41 its elf are 

shown in Fig. 13. If the identifier of the 

composition-to-composition communication ay unit·l as the 

transmission source and the identifier of the 

composition-to-composition communication relay unit 1 that 

has received the packet are the same, the composition 

directions are determined to be opposite to each other. 

Further, if the identi er of the transmission source and the 

receiving composition-to-composition communication relay 

unit 1 are not in agreement, the composition directions are 

determined to be the same. 

[0094J 

As above, the composition-to-composition communication 

relay means 19 and the terminal 30 are realized in separate 

units, however, a configuration in which the terminals 30 

mounted on the car at both ends of the composition 41 realize 

the function of the composition-to-composition communication 

relay means 19 may be possible. 

[0095] 

In the embodiment, as is the case of the above described 
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embodiment, there is an advantage that the 

communication device can stably operate in 

car-to-car 

ansitional 

period when the ope 

in the composition 41, 

[0096] 

Embodiment 3 

becomes easily unstable at change 

tching of detour , or the like. 

In the above described embodiments, the terminal 30 is 

described to have one transmission port, however, the terminal 

30 may be configur have two transmission ports and manage 

the right of use of the intra-composition car-to-car 

transmission line 20 through circulation of a token packet. 

[0097] 

Fig. 14 is a 

car-to-car communi 

g. 15 is 

iguration diagram showing a train 

ion device in the embodiment 3. Further, 

a configuration showing a 

composition-to-compos ion communication relay unit 1 as a 

main part of the car-to-car communication device. The 

same numerals are assigned to the same component elements as 

those in the above described embodiment. Further, the 

compositions 41, cars 40 (40a to 40d), the terminals 30, 

the composition-to-composition transmis on lines 21 are the 

same as those in 

the description of di 

[0098] 

above described embodiment. As below, 

rences will be centered. 

The terminal 30 has two transmiss ports 31a and 31b, 
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and these transmission po are connected to adjacent cars 

40 via the intra-composition car-to-car transmission line 2 Oa. 

As below, with the configuration, the ain car-to-car 

communication device that manages right of use of 

·intra-composition car-to-car transmission line 2 Oa (network) 

through circulation of a token packet is considered. Here, 

the token packet is a control packet for exclus ly using the 

network. The network can be used in a period after the terminal 

30 receives the token packet and be 

terminal 3.0. 

[0099] 

The terminal 30 recognizes t 

transmits it to another 

transmission port 31a at 

the upstream and 

with re to 

transmission port 31b at the downstream 

compo tion direction within the 

composition of interest. When receiving the token packet, the 

terminal 30 trans the token packet according to the 

direction indicated in the token packetj i.e., ei of the 

direction from upstream to downstream or the direction from 

downstream to upstream. Further, 

composition-to-composition comm uni ca ti on relay un 

the 

1 can 

define an identi er (a orb) with reference to the composition 

direction as is the case of the embodiment 2. For instance, 

the upstream side of the transmission port 31 may be defined 

as "a" and the downstream side may be defined as "b". 

[0100] 
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In a having the car-to-car comJUunication 

device with above described configuration, the at ion 

fferent of the token ket when two compositions in the 

composition directions are coupl 

Note that 

packet trans 

packet trans 

[0101] 

ken packet cont 

direction. 

direction is 

The terminal 30 that s 

may be determined according to 

will be described as below. 

information on 

information on 

ion-dependent 

token 

token 

ion. 

token packet transmission 

rule that "to s to either 

of the most upstream or the most downstream within the 

composition", for example. When the terminal 30 that starts 

token packet transmission is s the terminal 30 

upstream wi the composition, the terminal 30 

the most 

starts 

token packet transmission token packet transmission 

direction to" from upstream to downstream". On the other hand, 

when the 

set to the 

30 that s 

rminal 30 at 

token packet t ssion is 

most downstream within the 

composition, the terminal 30 that starts token packet 

transmission sets the token packet transmission direction 

reversely to "from downstream to upstream". 

[0102] 

As below, the case where 

packet transmission is 

terminal 30 starts token 

the terminal 30 at the most 

upstream wi the composition will be described, however, 

51 

IP-TEMP
Rectangle



the same processing can be performed in the reverse case by 

exchanging "upstream" with "downstream". 

[0103] 

The token packet transmitted from the most upstream 

terminal 30 is transmitted from the transmission port 3lb at 

the downstream side. The adjacent terminal 30 receives the 

packet from the transmission port 3la at the upstream side and 

transmits it to the transmission port 3lb at the downstream 

side according to the token packet transmission direction 

("from upstream to downstream") contained in the received token 

packet. After the processing is repeated, the token packet 

is transmitted from the port 3lb of the most downstream terminal 

30 within the composition. The composition-to-composition 

communication relay unit lb receives the token packet through 

the intra-composition transmission port 15c. 

[0104] 

The composition direction information adding means 2 and 

the composition number adding means 4 of the 

composition-to-composition communication relay means 19 of 

the composition-to-composition communication relay unit lb 

adds the transmission source composition direction 

information 103 and the transmission source composition number 

102 to the token packet, and transmits it from the 

composition-to-composition transmission port 15a via the 

composition-to-composition transmission line 21 to the 
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adjacent composition-to-composition communication relay unit 

1. Here, as the transmission source composition direction 

information 103, the identifier b of the 

composition-to-composition communication relay unit lb may be 

set as is the case of the embodiment 2. 

[0105) 

In the composition-to-composition coroJUunication relay 

means 19 of the adjacent composition 41 that has the packet 

from the composition-to-composition transmission port 15a, 

the composition direction determining means 5 determines the 

difference in composition direction according to the same 

method as the method shown in Fig. 13 of the above described 

embodiment 2. When the composition direction determining 

means 5 determines that the composition directions are 

different, the direction-dependent information rewriting 

means 2 inverts the direction-dependent information. Here, 

the direction-dependent information to be inverted contains 

the token packet transfer direction. 

[0106) 

The description here is on the assumption that the two 

composition directions are opposite, and accordingly, the 

token packet transfer direction within the token packet is 

rewritten to "downstream to upstream". 

[0107] 

The token packet is transmitted from the 

53 

IP-TEMP
Rectangle



intra-composition transmission port 15c of the 

composi tion-to-composi ti on communication relay unit 1 via the 

intra-composition car-to-car transmission line 20a. In this 

example, the composition directions are oppositely connected, 

and thus, the token packet is received from the transmission 

port 31b, i.e., from the downstream side of the terminal 30. 

The terminal 30 transfers the token packet according to the 

token packet transfer direction contained in the token packet, 

i.e., the direction "from downstream to upstream". Therefore, 

the token packet is transmitted from the transmission port 31a 

at the upstream side via the intra-composition car-to-car 

transmission line 20a. 

10108] 

In this manner, even when the composition directions are 

different between compositions, the direction-dependent 

information rewriting means 2 of the 

composition-to~composition communication relay means ·19· 

inverts the token packet transfer direction as the 

direction-dependent information, and thereby, the token 

packet can be circulated to all terminals 30 within the train. 

Further, when compositions are coupled, the processing of 

inverting the recognitions of composition directions of all 

terminals 30 and instruments 32 within one composition 41 is 

not necessary. 

(0109] 
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In the above description, the 

composition-to-composition communication relay means 19 and 

the terminal 30 are realized in separate units, however, a 

configuration in which the terminals 30 mounted on the car 40 

at both ends of the composition 41 realize the function of the 

composition-to-composition communication relay means 19 may 

be possible. 

[0110] 

As is the case of the above described embodiments, there 

is an advantage that the train car-to-car communication device 

of the embodiment can stably operate in the transitional period 

when the operation becomes easily unstable at change in 

compos ion, switching of detour paths, or the like. 

(0111] 

Further, since the embodiment handles the token packet 

transfer direction as the direction-dependent information as 

well with the configuration to manage the right of use ·of the 

intra-composition car-to-car transmission line 20a, there is 

an advantage that the communication can be stably made using 

the token packet when the operation becomes easily unstable 

at change in composition or the like. 

[0112] 

Embodiment 4 

In the above described embodiments, the 

intra-composition car-to-car transmission line 20 and the 
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composition-to-composition transmission line 21 are not 

multiplexed, however, in the embodiment, an embodiment with 

improved reliability by multiplexing the units relating to 

transmission lines and transmission will be described. 

[0113] 

Fig. 16 is a configuration diagram showing a train 

car-to-car communication device of the embodiment. Further, 

Fig. 21 is a configuration diagram showing a terminal 30 and 

monitor-controlled instruments 32 connected the terminal of 

the .embodiment. In the drawing, the train car-to-car 

communication device has a configuration in which the 

intra-composition car-to-car transmission lines 20 (20a, 20b), 

the composition-to-composition transmission line 21, the 

composi tion-to-composi ti on communication relay unit 1 and the 

transmission port 31 of the terminal 30 in the above described 

embodiment 1 are respectively multiplexed. Further, two 

transmission ports 31a, · 3lb of the terminal 30 are connected 

to the intra-composition car-to-car transmission lines 20a, 

20b, respectively. Furthermore, the terminal 30 includes a 

receiving part 33 and a transmitting part 34 that controls the 

two transmission ports 3la, 32b. As below, the respective 

multiplexed systems are called "system 1" and "system 2". 

(0114] 

According to the above configuration, independent two 

transmission lines are secured in both between the terminals 
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30 within the composition 41 and the terminals 30 in the 

different compositions 41, and thus, there is an advantage that 

the reliability is improved. 

(0115) 

The composition-to-composition communication relay 

unit 1 has the component elements shown in Fig. 2 as has been 

described in the embodiment 1. Of them, the component elements 

of the composition-to-composition communication relay means 

19 are as shown in Fig. ' J. Further, the 

composition-to-composition relay unit detouring means 16 has 

the configuration as shown in Fig. 4. 

[0116) 

When two compositions 41 are coupled, if the composition 

directions are the same, the composition-to-composition 

transmission lines 2la of the system 1 and the 

composition-to-composition transmission line 21b of the 

system 2- -in the -respective compositions 41 are connected.·· 

However, if the composition directions are opposite, the 

composition-to-composition transmission line 2la of the 

system 1 of one composition 41 is connected to the 

composition-to-composition transmission line 21b of the 

system 2 of the other composition 41. 

[0117] 

All of identification information of the 

·intra-composition car-to-car transmission lines 20a, 2lb, 
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identification information of the composition-to-composition 

transmission lines 21a, 21b, identification information of the 

composition-to-composition communication relay units la, lb, 

and identification information of the transmission ports 3la, 

3lb of the terminal 30 are direction-dependent information 

determined with reference to the composition direction. For 

instance, in the embodiment, the intra-composition car-to-car 

transmission lines 20a, 

transmission lines 2la, 

the composition-to-composition 

the composition-to-composition 

communication relay unit la,. and the transmission port 3la of 

the terminal 30 are called "system l" and the intra-composition 

car-to-car transmission lines 20b, the 

composition-to-composition transmission lines 2lb, the 

composition-to-composition communication relay unit lb, and 

the transmission port 3lb of the terminal 30 are called "system 

2,, • 

{0118] 

In the above configuration, a method of realizing IP 

communication between terminal 30 will be described as below. 

As shown in Fig. 21, the terminals includes the two transmission 

ports 3la, 3lb. Fig. 17 shows configurations of IP addresses 

of the transmission ports 3la, 3lb of the respective terminals 

30. As in the drawing, "system" (system 1 or system 2) to which 

the transmission port 31 belongs, "composition number" of the 

composition 41, and "intra-composition car number" of the 
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terminal 30 within the composition 41 are reflected in the IP 

address. 

[0119] 

Fig. 18 shows examples of IP addresses assigned to the 

transmission ports 31 (31a, 31b) of the respective terminals 

30 in the composition 41 in Fig. 16. Here, the composition 

number is set to one. Further, it is necessary to set the 

network mask so that the plural transmission ports 31a, 31b 

connected to the same terminal 30 may be respectively assigned 

to different sub-networks. This is because, if these are 

assigned to the same sub-network, when transmitting an IP 

packet, the terminal 30 is unable to determine from which 

transmission port 31 to transmit the IP packet. Accordingly, 

here, 255.255.0.0 is assigned to the transmission ports 3la, 

3lb of the terminal 30 as the network mask. 

[0120) 

The method of realizing the composition number adding 

means 3 in transfer processing of the packet in the 

composition-to-composition communication relay unit l is the 

same as that illustrated in the embodiment 1. Further, the 

composition direction information adding means 4 adds 

information of the system to which the 

composition-to-composition communication relay unit l of 

interest belongs as transmission source compos ion direction 

information 103. 

59 

IP-TEMP
Rectangle



[0121] 

When receiving the packet from the 

composition-to-composition transmission port 15a or 15b, the 

composition direction determining means 5 determines the 

difference in composition direction between the adjacent 

composition 41 and itself (necessity of rewriting of direction 

information) based on Fig. 19. If determined that the 

composition directions are different (rewriting of direction 

information is necessary), the composition-to-composition 

communication relay means 19 activates the 

direction-dependent information rewriting means 2 and 

rewrites to invert the direction-dependent information 

contained in the packet. Here, the direction-dependent 

information also contains information of addresses 

corresponding to all systems of IP addresses (systems of 

"system l", "system 2" as above). The system is determined 

depending on the composition direction. For instance, in the 

respective compositions, the right side as one faces the 

composition direction is set to "system l". Further, at 

coupling, the systems at the same side relative to the rail 

track are connected. Accordingly, when compositions are 

coupled, it is possible that the system 1 of one composition 

and the system 2 of the other composition may be connected. 

(0122) 

Fig. 20 shows a configuration in which compositions with 
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compos ion numbers 1 and 2 are coupled in the different 

composition directions from each other. As below, a flow of 

a packet when the terminal 30x of the car number 1 of the 

composition number 1 in the configuration in Fig. 20 makes IP 

communication with the terminal 30y of the car number 4 of the 

composition number 2. 

[0123] 

First, the terminal 30x designates the IP address of the 

terminal 30y as the destination and outputs an IP packet. Here, 

transmission by designating 10.2.1.4 assigned to one of the 

transmission ports 31 of the terminal 30y is assumed and 

described as below. 

[0124] 

Since the sub-network address of the IP address 10.2.1.4 

of the destination is 10.2.0.0, the terminal 30x transmits the 

IP packet from the transmission port 31 at the system 2 side 

of the ·terminal 30x. At this time, 10. 2. 1 .1 is stored as the 

IP address of the transmission source. 

(0125] 

Fig. 22 (A) shows a configuration of the packet at 

transmission. In the drawing, for explanation, the IP packet 

part contained in the transmitted packet is extracted and, of 

the headers, the IP address storage areas of the destination 

and the transmission source are shown and the rest thereof is 

shown as data. 
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''''"' __________ ....., ____________ _ 

[0126] 

Then, the above packet (Fig. 22(A)) is received in the 

intra-composition transmission port 15c by the 

,dbmposition-to-compos,ition communication relay unit lb of the 

compos ion number 1. The composition direction information 

adding means 3 of the composition-to-composition 

communication relay unit lb adds the information representing 

the system receiving in the composition-to-composition 

communication relay unit lb of interest, i.e., the system 2 

as the transmission source composition direction information 

103. Further, the composition number adding means 4 adds the 

composition number 1 as the transmission source composition 

number 102. The packet to which the information has been added 

as described above is information formed by adding the 

transmission source composition direction information 103, 

the transmission source composition number 102 to the 

information, of Fig. 22 (A) as shown in Fig. 22 (B). Thus 

configured packet (Fig. 22 (BJ) is transmitted from the 

composition-to-composition transmission ports 15a, 15b. 

[ 012 7] 

Then, the above packet (Fig. 22(B)) is received in the 

composition-to-composition transmission ports 15a, 15b of the 

composition-to-composition communication relay unit la of the 

composition number 2 as the composition adjacent to the above 

composition 41. At this time, the composition direction 
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determining means 5 determines that the composition directions 

are different based on the determination criteria in Fig. 19 

because the transmission source composition direction 

information 103 is system 2 and the direction information of 

the composition 41 . itself is system 1. Then, the 

composition-to-composition communication relay means 19 

activates the direction-dependent information rewriting means 

2 and rewrites to invert the direction-dependent information 

contained in the packet. At this time, the information part 

of the system of the destination IP address and the transmission 

source IP address contained in the packet is rewritten to be 

inverted. Specifically, 10.2.1.4 is rewritten to 10.1.1.4, 

and 10.2.1.1 to 10.1.1.1. 

[0128] 

Further, when the received packet is transferred to 

another composition-to-composition transmission port 15 than 

the recei vinq one of the composi tion-to-composi ti on 

communication relay unit 1, the composition direction 

information adding means 3 and the composition number adding 

means 4 rewrite the transmission source composition direction 

information 103 and the transmission source composition number 

102 to contents of the composition itself, i.e., the systems 

1 and 2, respectively. Thus configured packet is shown in Fig. 

22 (C). 

[0129] 
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Furthermore, when the received packet is transferred to 

the intra-composition car-to-car transmission lines 20, the 

transmission source composition direction information 103 and 

the transmission source composition number 102 are removed from 

Fig. 22 (C) in which the IP address has been rewritten, and the 

rest thereof is transmitted. Thus configured packet is shown 

in Fig. 22(D). 

[0130] 

Then, the above packet (Fig. 22(D)) is transmitted to 

the intra-composition car-to-car transmission lines 20a of the 

system l of the composition of the composition number 2, and 

received at the transmission port 3la at the system 1 side of 

the terminal 30y of the car number 4 of the composition of the 

composition number 2 having the destination address of 

10.1.1.4. 

[ 0131] 

Unless direction-dependent information has been 

rewritten, the packet shown in Fig. 22 (A) is transmitted from 

the composition-to-composition communication relay unit la of 

the system 1 of the composition 2 to the intra-composition 

car-to-car transmission lines 20a of the system 1. However, 

in the packet, the sub-network address of the destination IP 

address is the system 2. That is, it remains 10.2.0.0, and 

this is transmitted to the intra-composition car-to-car 

transmission lines 20a of the system 1. However, the 
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sub-network of the transmission port 31 of the system 1 of the 

terminal 30y is 10 .1. 0. 0 of the system 1, and thus, is unable 

to receive the packet or make communication. 

[0132] 

Next, using Fig. 21, the operation of the receiving part 

33 and the transmitting part 34 of the terminal 30 in the 

embodiment will be described. The transmitting part 34 of the 

terminal 30x assigns a sequence number to a packet to be 

transmitted. Then, part transmits packets to which the same 

sequence number has been assigned to IP addresses assigned to 

the two transmission ports 3la, 3lb of.the terminal 30y as 

destinations, respectively. Then, the terminal 30y receives 

one packet having the same sequence number from each one of 

the transmission ports 3la, 3lb of the system 1 and system 2 . 

. [0133] 

Here, the receiving part 33 of the terminal 30y handles 

the received two packets·in the following manner. 

(1) If the sequence number of the received packet is new, the 

part handles it as received data. 

(2) If not, the part discards it. 

Even when failure occurs in one intra-composition 

car-to-car transmission lines 20 (20a, 20b) and transmission 

becomes disabled due to the above handling, in the terminal 

30y handling the received data, processing rel ing to 

reception can be continued without change and the reliability 
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is improved. 

[0134] 

Further, the receiving part 33 of the terminal 30y may 

be configured to hand 

following manner. 

the received two packets in the 

(1) If the sequence number of the received packet is new, the 

part waits for a predetermined time until receiving a packet 

with the same sequence number. 

{2) Unless the part receives a packet with the same sequence 

number within the predetermined time, the part discards the 

packet. 

( 3) If the part receives a packet with the same sequence number 

within the predetermined time, 

(i) the part compares contents of both packets and handles them 

as received data if they agree. 

(ii) unless they agree, the part discards it. 

By handling in the above described manner, errors due to 

unintended changes in packet contents in the transmission lines 

can be detected, and thus, communication with high reliability 

can be realized. 

[0135] 

In the above description, the 

composition-to-composition communication relay means 19 and 

the terminal 30 are realized in separate units, however, a 

configuration in which the terminals 30 mounted on the car 40 
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at both ends of the composition realize the function of the 

composition-to-compos ion communication relay means 19 may 

be possible. 

[0136] 

In the embodiment, as is the case of the above described 

embodiments 1 to 3, there is an advantage that the train 

car-to-car communication device of the embodiment can stably 

operate ~n the transitional period when the operation becomes 

easily unstable at change in composition, switching of detour 

paths, or the like. 

[0137] 

Further, according to the embodiment, since the 

composition-to-composition communication relay unit 1 

includes the composition direction detennining means 5 and the 

direction-dependent information rewriting means 2 and has 

multiplexed transmission lines, there is an advantage that 

processing can be continued and stably processing can be 

performed even when the compositions in the different 

composition directions are coupled and one system has a 

trouble. 
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