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
compositionsincludingohe(N:morecarsofaatrain:ularailroad
or the like.

Background Art
[0002]

In a train in which two compositicns 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. 1In order to slee
the problénu a method of resolving the disagreement in
recognition ¢f upstream and downstream directions between
communication relay units on a transmission line is disclosed
(e.g., see Patent Document 1). Specifically, when
compositions having different composition directions are
coupled, the recognition of upstream and downstream directions
is inversed in all communication relay ﬁnits 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]

Eateﬁt Document 1: JP-A-2005-168126
Disclosure of the Invention
Problems that the Invention is to Solve
[0004]

hiaconventionaltraincar—to—carcommunicationnetwork,
it is necessary to diSrupt communication during execution of
prodessing‘ of inverting the recognition of upstream and
.downétreaﬂldirections in communication relay units within one
composition. When the communication is disrupted, a problem
of delay of processing océurs. 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
atraiﬁcar—tO*carcommunicationnetworkcapableofcmntinuous
communicatioh>processing'without disruption of communication
processing when compositions 1in different composition
directions are coupled.

Meahs 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 composition-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
détermining51differencebetweencompositiondirectionsofthe
composition as a transmission source of the received
information and the compssition 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 containsd in the received information if the

composition direction determining means determines that the
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composition directions are different.
Advantages of thellnvention
[0007]

The invention can continue communication processing
without disruption of communication processing even when
compositions haviﬁg différent compositioﬁ 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 diégram of a
composition—-to-composition communication relay unit of
embodiment 1 of the invention.

[Fig. 3] An explanatory diagram of the_
composition—to—compositiqn communication relay means of
embodiment 1 of the invention.

[Fig. 4] An explanatory | diagram of
Vcomposition—to—composition relay detouring means of
embodiment 1 of the invention.

[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 ef the invention.

(Fig. 7] An explanatory(iiagranLof criteria of composition
direction determination of embodiment 1 of the invention.
[Fig. 8] A configuration diagram of avtrain ear—to—cer
communication device of embodiment 1 of the invention.

[Fig. 9] An explanatory diagram of packets of embodiment
1 of the invention.

[Fig. 10] An explanatofy diagram of packets of embodiment
1 of the imventioﬁ.

[Fig. il] 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 ef
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 confiduration diagram of a train ear—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. 1le] A configuration diagram of a train car-to-car

communication device of embodiment 4 of the invention.



[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.
tFig.‘l9] 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 iﬁvention.

[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, 1b composition-to-composition communication relay

unit

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 |

15c 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, 2la, 21b composition-to-composition transmission
line

30, 30x, 30y terminal

31, 31a, 31b ~transmission port

32 instrument

33 receiving part

34 transmitting part .
40, 40a, 40b, 40c, 40d car
41 composition
101 data
102 transmission source composition number
103 ftransmission source composition direction information
Best Mode for Carrying Out the Invention
- [0010]
Embodiment 1

Fig. 1 is a configurafion diagram showing a train
car-to-car communication device in the éﬁbodiment. In the
drawing, a composition 41 includes at least one car 40, and
four cars 40a to 40d in Fig. 1. The compositibn 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
cbmposition—to—composition communication relay unit 1 that
transmits and receives information betweenh compositions 41.
Further, a composition-to-composition transmission line 21 is
provided as a transmission line that connects between the
composition—to—compositién communication relay units 1 of
differentcombositions%ﬂ.andtransmitsinformation. Each car
40 vincludes at least one terminal 30. The
composition~to-composition communiéation 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]_relaysinformationtransmiftedfromanothercomposition
through the composition—to~composition-transmission line 21
(21a) to the terminals 30 within the respective cars 40 via
fhe 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 composition—to—compésition 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
liné 20 to another composition via the
composition-to-composition transmission line 21.

[0014]
The terminal 30 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 compoéition—to—composition transmission lines 2la, 21b
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

o
layer and a transport layer.

foore) .o

As below, the respective units will be described. Fig.
2 shows a confilguration of the composition-to-composition
communication reléy unit 1. As 1n the drawing, the
composition—to—composition communication relay unit 1
includes two composition-to-composition transmission ports
15a, 15b, an intra—composition transmission port 15c, 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 compositionfto—composition
transmission ports 15a&, 155, and relays information to the
terminals 30 within the composition via the intra-composition
fransmission port 15¢c.

[0017]

Fig. 3 shows an example of a configuration of the
cbmposition—to—composition communicatioh relay means 19. 1In
Fig. 3(A), the composition-to-composition communication relay
means 19 has composition direction determining means 5 and
direction-dependent information rewriting means 2.

'[0018]

When relaying the information received from another
composition 41 adjacent to the composition 41 itself, if the
composition diréction 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 adjaceﬁt composition 41, the means do not
perform rewriting to invert the direction-dependent
information but relays the information as it 1is. The
composition-to~composition communication relay means 19 has
the compoéition direction determining means 5 and the

direction-dependent information rewriting means 2 in order to

10
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réalize that.
[0019]

When relaying the information received»from another
adjacent composition 41, if the other adjacent composition 41
aseatransmissionsource<1Etheinformationanmithecomposition
41 of interest to which the composition-to-composition
communication relay means 19 belongs are different in
composition direction, the composition direction determining
means 5 determines that the directions are different, and if.
the composition directions are the same, the means determines
that the directions aré the same.

[0020)

Conceivable information as criteria of determination of’
the composition direction in the composition direction
determining means 5 is (1) information of 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 composition-to-composition
communication relay means 19 of thercomposition 41 as the
transmissionsourceaddscmmpositioncﬁrectioninformationto
the transmission information, or the like. For example, for
(1), a depression or the like indicating the first or second
directionjjsprovidedijia.predeterminéd‘location of a coupler
and a mechanism.of reading the depression is provided in a

predetermined location of a corresponding coupler. From the

11



result read by the reading mechahism, whether the direction
of the coupled partner 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 of the
cars of itsownis the first or seconddirection. Specifically,
if the first and the second directions are the same, thé
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. 1In
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

w rr

as up and “down”. Whether the direétion-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 wview of
absolute directions such as “up” and “down”, however, when the

determination is made in view of the relationship relative to

the adjacent compositidn, there 1s an advantage that the

12
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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 iﬁformation.
[0023]

The direction-dependent information rewriting means 2

performs rewriting to invert the direction—dependént

information in the received information. As below, 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
palir for determining the positidn, direction, etc. within the

composition is, for example, “front” and “rear”, “left” and

13
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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 confiquration of the composition.
As long as the definition 1s consistent, the direction may be
defined as “a direction from the front to ther rear”. -In the
directio'n—dependent information, the above “left” and “right”
are defined so that, as one faces the compositioﬁ direction,
the left may be “left” and the right may be “right”.

[0025]

For instance, regarding the corﬁposition direction of one
composition, it may be assumed that the front side as one sees
the door definéd as “right” on the right side is the first
direction and the rear side 1is the second direction. Then,
when two compositions are coupled, if both of the directions
towérd-the .éoupled point in the respective compositions are
the ‘first direction, the directions are determined toc be
di-fferent 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 the composition direction determining means 5.

[0026]
| Further, inverting the direction-dependent information

is to change one value of the direction-dependent information

14
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to the other value in the pair. Specifically, the information
meaning “front” is rewritten to information meaning “rear”,
the information meaning “left” to information meaning “right”,
and the informatiorlmeaning'“upstreamﬁ to informationlneaning
“downstream”.

[0027]

Fig. 3(B) shows a configuration of another
oomposition—to—composition_oommunication relay means 19. In
the drawing, the composition-to-composition communication
ielay means 19 is configured to have composition direction
informationaddingnmansiiinadditimntothatdescribedabove.
[0028]

When the composition~to—composition communication
relayunit 1l relays information (containing packets) to another
composition 41, the composition diroction information adding
means 3 adds information on the direction of the adjacent
composition 41 to be relayed as viewed from the composition
41asthetransmissionsource,i.e.,thecompositﬂﬂ14itowhich
the composition~to—compo$ition communication relay nnit 1
belongs. |
[0029] .

For instance, if the transmission direction in the
composition to which the composition—to—composition
communication relay unit 1 belongs is the second direction in

the above example, the means adds information indicating the

15
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second direction.. If the information is trénsmitted in the
opposite direction, the means adds infermation indicating'the
first direction. That is, composition direction information
to be added changes according to the transmission direction.
[0030]

The composition'4l receiving the information to which
the éomposition direction information has been'added.can
compére the direction at the reception side and the composition
direction information added to the received information and
detérmine whether the composition directions ére 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 directidn determining means 5.
(0031] |

+ - In-this manner, the compositign direction-determining
means 5:méy determine whether or not the direction is the same
as the ‘directién. of the édjacent 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 informafion in the direction-dependent

information rewriting means 2 if the composition directions

le
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are_different.
f0032]

Fig. 3(C) shows a configuration of énother
composition—to—composition.communication relay means 19. In
thé drawing, the composition-to-composition communication
relay means 19 may be configured to have composition nuﬁﬁer
adding means 4 in addition to that described obove.

[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 numbor assigned for discrimination of
the individual composition in advance and unique in one train.
f0034]

The composition number adding means 4 is provided and
the composition-to-composition commﬁnication relay meéns 19
detects the change of the number of the adjacent composition
41, and thereby, each composition-to-composition
Communicationrelayunitd_oandetectthechangeoftheadjacent
composition 41.

[0035]

The processing can be simplified utilizing the above

17
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described composition number. Specifically, the compeosition
direction détermining means 5 is activated when the adjacent
composition.4l 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 communication relay. means 19.
Afterwards, until the adjacent composition 41 is changed, the
direction-dependent informationr rewriting means 2 1is

activated to rewrite the information if the information stored

'in the composition-to-composition communication relay means

19 indicates the different directilon. 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-determininé'meanS“Q”
is not hecessary'to be constantly activated and the processing
can be simplified.

[0036]

Next, the composition-to-composition relay unit

detouring means 16 will be described. Fig. 4 shows a

configuration of the composition-to-composition relay unit
detouring means '16. The composition-to-composition relay

unit detouring means 16 shown in the drawing 1s provided in

18
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a train car—to-car communication network. The
composition-to-composition relay unit detouring means 16
inéludes 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 o©of <connecting the
composition-to-composition transmission line 21 and the
detour path 17 and a status of connecting the
composition;to-composition fransmission 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 composition-to-composition
transmission line 21 and. the composition-to-composition
communication relay unit 1 is referred to as a

composition-to-composition communication relay unit-side

- route.-

[0037]

The composition-to-composition relay unit detourihg
means 16 monitors the operating condition of the
composition-to-composition communication relay unit 1.
During the monitoring, in the normal éondition, both of the
switches 18 are set to the composition-to-composition
communication relay unit~side route. During the monitoring,

when an abnormality of the composition-to-composition

19
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communication relay unit i is sensed, the switches 18 are set
to the.détour path-side rcute. In the latter case, the
composition—to—composition.transmission.lines 21la and 21b are
directly connected, and thereby, both adjécent compositions
41 are directly coﬁnectéd. around the composition 41 of
ihteresf.

[Ob38]

The compdsition—to—composition relay unit detouring
meéns l6nmyixaadapted'U3sensezﬂlabnormalitykﬁrdetermining
that there 1s an abnormality when power-cff of the
composition~to-composition communicaticn relay unit 1 is
sensed or the number of errors of a watch dog timer exceeds
a certain number.

[0039]

By cdnfigﬁring the composition-to-composition relay
unit detouring means 16 as described above, even when the
composition-to-composition cdmmunication- relay ~unit 1
malfunctions, transmission can be made between both adjacent
compositions 41 and availabllity can be improved.

l[0040]

Further, when the above described
composition-to-composition relay unit detouring means 16 is
set to the “detour path-side circuit, the
composition-to-compositicn communication relay unit 1 has the

composition number adding means 4 and can sense that the

20
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adjacent composition haé been changed. For instance, in.the
case where composition A, composition B, and composition C are
coupled in the order of A, B, and C, when transmission ié
normally made, the transmission source composition number ofi
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 felay‘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 charge of the.packet transmissipn
source can be known and the change of adjacent compositions
can be sensed.

[0041]

Next, each terminal within the composition will be
described. Fig. 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 trahsmission.port
31 is | connected  to the composition—to—éomposition
communication relay means 19 via the intra-composition
transmission port 15¢c. The terminal 30 is connected to plural
monitor-controlled instruments 32 and performs
monifor—control.processing'oftﬁmaconnected.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 deviée will be
) describgd.

[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‘directidn—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.
[C044]

When‘the communication destination is a terminal 30 of
another compositicn 41, the packet transmitted from the
terminal 30 passes through the intra-composition car-to-car
transmission line 20, reaches the composition-to-composition
communication relay unit 1 of the composition 41 of interest,

and 1s received at the intra-composition transmission port 15¢
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- of the composition—to—compositiéh.communication:relaylmnit 1.
When the information transmitted from the terminal 30 within
the composition 41 of .interest is received at the
intra—composition‘transmissidn port 15¢c, the composition
direction determining means 5 cn:.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
compoéition—to—composition communicaéion relay means-l9, as
shown in Fig. 6, transmission source composition direction
information 103 and transmission source .composition numbex 102
are respectively added to the received packet containing the
difeétion—depéndent 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—;omposition communication relay
unit 1 of the other'adjaéent composition 41 as the fransmission
destination receives the packet from the adjacent composition
41 from one of the compoéition—to—composition transmission
port 15a and 15b. The receiving composition-to-composition
communication relay unit 1 relays the packet received from the
compositioﬁ—to~composition trénsmission port 15 "to the

intra-composition transmission port 15¢c and the other
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composition-to-composition transmission port 15 (15a or 15b)
than the port thatlhas received the-packet of interest. In
this regard, the composition-to-composition communication
relay means 19 activates the direction—dependent‘information
rewriting means 2 1if the determination by the composifion
direction determining means 5 or the stored composition
"direction determination result indicates the different
direction. Toe'direction—dépendent information rewriting
meanséfiﬁﬁérts the.direction—dependent information contained
in the data part of the packet 1if the ftransmission source
composition direction information 103 containéd.in,the'packet
is different from the compositionwjirectiorlof the composition
" of interest.

[0046]

When relaying the packet received from the adjacent
composition41tx>theintra—compositiontransmissionport15c,
the composition-to-composition communication relay means 19
removes the transmission source composition direction
informationlOBEHuitransmissionsoUrcecompositionnumber102
from the reoeived packet and relays the data part only.
[0047]

Further, for the relay to the composition-to-composition
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 ﬁumber 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—coﬁposition.transmission.pérts
15a, 15b of the same composition 41. Note that, regarding the.
number provided to the composition~-to-composition
tranémission’port'15;'arrangement that the front side as one
sees the “;ight” déor at the right side is “a” and tﬁe rear
side is “b” (“the first direction” and “the second direction”
in the above description) between the compositions 41 having
possibilities to be coupléd is made and the number is set on
the same basis.
[0049]

When the settings are as described above, agreement and

disagreement in composition direction between the adjacent
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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 compositionciirection.information
ofthereceivingcomposition—to—compoSithn1transmissionport
15 in the composition 41 itself are the same, the composition .
directions of them are in disagreemeﬁt (opposite directions).
It thé composition direction informétion‘is different, the
composition directions of them are determined to be in
agreement (the same direction).

[00501.

PLmethod}af 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~Fi§; 6, and-allowing 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 after the_change reaches
the éomposition direction determining means 5. When the
packet - is transmitted before the change in composition
direction reaches the composition direction determining means
5, 1f the time of determination of the composition direction
andthetimeofcreationofthepacketaredifferent,processing
may be inconsistent, that ié,1nonitor~control,thatjjssupposed
to be performed may be impossible. On the other hand, in the
‘methdd.of including the composition direction information in
the packet, information as determiﬁation reference for
composition direction is added when the packet is creatéd, and,
when the connection condition between the composition 41 and
the composition 41 is changed, the change 1s transmitted
together with the packet as a target of proéessing based on
- the information. Accordingly,(there is an advantage that the
processing is held consistent.
[oosry

Further, the location where the direction-dependent
iﬁformation 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
compositicon-to-composition communication relay unit 1. Thus
configured, the composition-to-composition communication
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 tﬁe
composition—to—composition. communication relay unit 1 to
_rgwrite the di;ection—dependent information.

00521 et : :

As another method, a method of.defining rewriting
necessity information reéresehting necessity to rewrite the
direction-dependent information as a flag in a packet is
CoﬁceiVable. The rewriting hecessity 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 compositiondirection is different,
the flag of the rewriting necessity information is inverted.
Then, the other composition directionlinformatibn contained

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

direction-dependent information rewriting means 2 when the

compositibn—td-domposition communication relay means 19
transmits the packet to the other composition 41, and.the‘
rewriting necessity information is set to the rewriting target.
[0053]

When the composition-to-composition communication
relay means‘l9 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
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direction-dependent information rewriting means 2 rewrites
the direction-dependent information within the packet and

rewrites the rewritingnecessity information to represent that

~the rewriting is unnecessary. According to the configuratiocn,

there is an advantage that processing is performed at a high
speed because, in the case of relaying the compésitions 41,
the rewriting necessity information may be rewritten but
rewriting of direction-dependent iﬁformation requiring

processing in a great amount is not performed.

10054

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 - 2y rewriting the direction-dependent ' information -

according to the.rewriting necessity information may be
possible. Inthiscase,theterminal30thathanirstreceived
the packet may sense the rewriting necessity information
represents that rewriting is necessary} rewrite the
direction-dependent information énd rewrite the rewriting
necessity information to represent that the rewriting ‘is
unnécessary, 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
thepacketto1jmadownstream, .According1x)thecoﬁfiguration,
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. 1In the terminal 30 receiving the baeket,
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 1s and used.
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[0056]

Furthér, 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 command of récordingymalfunction.information‘
of a door in the terminal 30 is issued from another composition,
the terﬁinai 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]

lWhen 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
recordinginformationjj;loadadfromdjuacompésitﬂnidifferenf
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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according1x>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 lcaded and the direction-dependent
information within the recorded information. 1In either case,
to analyze the recorded information, the ihformation for
specifying the composition from which the information has been
ioaded.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,
compositionsm4lA;-41Bf-41C are coupled*in‘this"order.‘,The
composition directions of the compositibn 41A and composition
41B are opposite and the composition directions of the
composition 41B and composition 41C are the same. As below,
the procedure of transmitting door contreol information will
be described by taking the case as an eiample.

[0060] |
The terminal 30 of each composition 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
informafion of the door 1left and the door right 1is
direction-dependent information. For instance, when the
compositiondirection is changed relative to the reference such
as the rail track,1jusphysicéi.positions of the doors relative
to fhe reﬁerence (rail track) are switched. In other words,
the physical positions of the doors relative to the rail track
corresponding to the door left as ﬁhe'direction—de@endent
information are opposite to each other between the composition
A and the compésition B in the different composition directioﬁs .
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 compesition € in the same composition
direction.
[0061]

Regardingjthe casé 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 pécket. .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 composition-to-composition communication
reléy'unit 1 of the composition 41A. The transmission source
compoéitionnumberlOZanmithetransmissi&né;ﬁfcégempbsitioﬁ
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—compbsition transmission relay means 19. In
this regard, the port number (a or b) of the
.composition—tofCOmposition transmission port 15 outpﬁttiﬁg
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
isadded(inthecasecﬁfthedrawing). Fur?her,attransmission
from the composition-to-composition transmission port 15b, b
is added. Therespectivepacketsareshownjleigs.9(C),(B)5
[0063]

The packet “transmitted - from ‘ the
composition-to-composition transmissién port 15a of the
compositioﬁ 41A  (Fig. 9(C)) passes through the
composition—tb—composition transmission port 15a of the
composition 4iB‘and reaches the composition-to-composition
communication relay means 19 of the composition 41B. Here,
the composition direction determining means 5 of the
composition 41B compares the transmission source composition

direction information 103 of the received packet (Fig. 2(C))
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and the port number of the composition-to-composition
transmission port 15a that has received 1it. As a result of
the comparisony the composition directions of the composition
41A as the transmission source and the composition 41B itself
are known to be opposite because théy are the same such that
they are a and a. Therefore, the compositidn—to—composition
communication relay means 19 uses the direction-dependent
information rewriting means 2 to invert Ehe “door right” as
the direction-dependent information within the packet and
rewrites it te “door left” (Fig. S(D)).
[0064]

Then, the ftransmission source composition direction
informationlOBenxithetransmissionsoﬁrcecompositianhumber
102 are removed from the above packet (Fig. 98(D)) by the

composition-to-composition communication relay means 19 of

the composition 41B (Fig. 10(A)). The packet with the
information removed (Fig. 10(A)) is transmitted from the
intra-composition 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}).
[C065]

“b” as the transmission source composition direction

information 103 is added to the above packet (Fig. 10(4)) by
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the composition difection information adding means 3 of the
composition-to-composition cémmunication rélay means 19 of
the composition 41R, and B is added thereto as the transmission
source composition 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 réaches the composition~to-composition
communication relay means 19.
[0066j

Here, the composition direction determining means 5 of
the composition-to-composition communication relay means 19
of the composition 41C compares the transmission source
composition direction information 103 of the received packet
(Fig. 14(B)) and the port nunber of the
composition-to—composition transmission porﬁll5a‘that'has
received 1t, and determines that the composition directions
of the composition as the transmission source and the
composition 1tself aré the same. In ‘this rcase, the
composition-to—composition communication relay means 19 does
riot activate the direction-dependent information rewriting
means and the above packet_remains as it is (Fig. 10(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. 10(C)) by the

composition-to-composition communication relay means 19 of

the composition 41C (Fig. 10(&A)). The packet with the
information removed (Fig. 10(A)) 1is transmitted‘from the
intra-composition transmission port . 15c to the

intra-composition car-to-car transmission line 20 of the
composition 4iC.r The terminal 30 of the composition 41C
controls the doors to open according to the “door left-open”
contained in the received packet (Fig. 10(4)).
[0068]
Sincéthetraincar—to—carcommunioationdeViceoperates
in the above described manner, the packet of “door right-open”
is reﬁritten 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, 41B,41C.
As a resuif, 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 communication
relay means 19 and the tefminal 30 are realized in separaté.

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 12 may be possiblé. In this case, there are
advantages that the number of component elements is feduced,
the transmission lines are 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 respectiﬁe terminals 30 and iﬁstruments 32.
[0071]

Normally, when the direction-dependent information is
performed in the terminals 30 and instruments 32, it 1is

necessary that the comppsition direction of the composition

41 belonging thereto and the composition direction of the -

composition 41 as the ftransmission source have been clear.
However, when the information 1is inconsistent: émong' 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

38


IP-TEMP
Rectangle

IP-TEMP
Rectangle


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
exeéutian of processing of invérting 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 units. Therefore, there are problems
thatthetimeforcommunicationdisruptionincreaseéanderrors
Hbecomeeasiebtooccurdue11)themeansforreliabledisruption‘
dﬁring communication pfocessing and the means for confirmation
of completion of inversion of the recognition in all
COmmunicétion relay units.

[0073]

Furthermore, 1in the conventional train car-to-car
communication network, when three or more compositions are
coupled and disconnection.énd connection of the transmission

lines repeatedly occur due to 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 operaticn.

[0074]

According to the embodiment, the train car—to—car
communication | device rewrites direction—depenoént
information in 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 relay 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

‘conventicnal problem of processing delay, problem of increase

in the time for communication disruption, or problem that
errors becomereasier to occur.
[0075]

Further, according to the embodiment, in the
composition-to-composition communication relay unit 1, the
difecfion—dependent information is rewritten, and since there

is no need for processing of determining whether rewriting the

‘direction~dependent information is necessary or not in the

40


IP-TEMP
Rectangle


res?ective 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 1like, there is an advantage that there is no
inversion processing of direction recognition and stable
operation can be performed.

[0076]

According to the embodiﬁent, the ‘train car-to-car
communication device rewrites direction-dependent
information in the compositionfto-composition communication
relay unit 1, and thereby, it is not necessary to rewrite the
direction-dependent informafion in the reSpective terminals
30 according to the direction of the composition 41 itself.

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

-0f the train car-to-car communication device {or network) 1is

not stable at coupling or the like, the operation does not
become unstable.
[0077]

For instaﬁqe, in the caée where a packet containiﬁg
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 rewfiting of the

direction-dependent information from  the composition
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direction of the composition 41 itself and the compoéition
direction information within the packet and, if necessary, the
'direction—dependent information rewriting means 2 rewrites
the information, and therefo;e, there is no need to disrupt
the communication and processing in the respective terminals
30.

[0078]

Further, even when coupling to and separation from
adjaéent compositions are repeated due to contact failure of
couplérsbetweenthecxm@ositions41cm:thelike,theneceséity'
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 composifion 41 can be
correctly interpreted in tﬁe'respective terminals 30,

[0079]

Furthermore, when switching of the switches~18-within
the composition-to-composition 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(yfthe'changejilcomposition.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 intérpreted in the respective terminals 30.
[0080]

Moreover, @ since the necessity of rewriting of
direction-dependent information within transmitted
information is performed according to the composition
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 pericxiwhen.the
'operation becomés easlily unstable at change in composition,
switching of detour paths, or the like.

[0081]

Embodiment 2

.In the above described embodiment, there 1is one

composition-to-composition communication relay unit 1 in the
composition 41, however, there may be two of them in the same
coﬁ?oéition 41,

[0082] - -

Fig. 11 is a configuration diagram showing a train
carfto—garcommunicatrmzdevicejjltheembodimentZ. Further,
Fig. 12 is a configuration diagram showing a
composition;to—composition communication relay unit 1 as a
malin part of the train car-to-car communication device. The
same numerals are assigned to the same component elements as
thosé in the above described embodiment.

[0083]
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InFig. 11, the compositions 41, the cars 40 (40a to 40d},

‘the terminals 30, the composition-to-composition transmission

lines 21 are the same as those in the above described embodiment.

As below, the description of differences will be centered.
[0084]
The composition-to~composition communication & relay

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

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

the composition  41. The composition-to-composition
communication relay unit 1 includes one
composition~to-composition transmission -ports 15a, an
intrafcomposition. transmission pdrt 15¢, .~ and

composition-to-composition communication relay means 1% as in
Fig. 12.
[0085]

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

composition-to-composition relay unit detouring means 16 are- -

provided around.both of the two composition—to—combosition
communication relay units 1 provided within the compbsition
41,
[0086]

The iteﬁs-that are hot described in the embodiment
basically have the same cbnfiguration 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 cér—to—car
communication device of the embodiment will be described.
First, the terminal 30 transmits data inclﬁding information
necessary for monitor-control containing'direction—dependent
information as a packet. VWhen the communication destination
is a terminal 30 wifhin the composition 41, the transmitted
'packet passes through the intra-composition car-to-car
transmissioﬁ.lineZOEﬂKireachestﬂmatargetterminalZijithout
passing through the composition-to-composition communication
relay unit 1.

[0088]

When the communication destination is a terminal 30 of
. another composition.4l,the transmitted packet passes through
the inéra—composition car-to-car transmission line 20 and
reaches bhoth 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-composition communication relay
units 1. The composition—to—cbmposiﬁion.communication relay
unit 1 receives the packet from the intra—cbmposition
transmission ©port 15c. As .shown in Fig. o, the
composition-to-composition communication relay means 19 adds
the transmission source composition direction information 103
and transmission source composition number 102 to the received

packet (Fig. 6) containing the direction-dependent
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information, and transmits and relays the packet from the
composition—to—composition transmission port 15a.
[008¢9]

The composition-to-composition communication relay
unit 1 of the adjacent composition 41 receives the packet (Fig.
6) from the adjacent composition 41 from the
composition—to—composition transmission port 15a. The
composition-to-composition communication relay unit 1 of the
compositioﬁ 41 that has received the packet relays the packet
received from the composition-to-composition transmission
pbrt l5a to the intra—compositibn transmission port 15c. In
this regard, the composition-to-composition communication
relay means 19 uses the compositiondirection determining means
5 to compare the transmission source composition direction
information 103 contained in the packet and the composition
direction information of the composition—to—composition
communication relay unit 1 of interest in the composition 41
of interest and determines whethér the composition direction
is the same or not. If the informatlion 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 the packet.

[0090]

When relayving the packet received from the adjacent
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composition to the intra-compeosition transmission port 15c,
the means removes the transmission source composition
directibn information 103 and transmission source composition
number 102 from the packet in Fig. 6 and relays the data part
oniy‘to the intra-composition car—to—car‘transmiséion.line 20
of the éomposition 41 of interest.

[0091]

Further, for the relay frem the
composition-to-composition transmission port 15a to the other
adjacent composition, the composition direction information
adding means 3 and the composition number adding means 4 rewrite
the transmission source composition direction information 103
andftransmission.source composition number 102 of the received
packet to the composition direction and the composition number
of the composition of interest, respectively.

[0082]

- Here, amethod of determining the difference between the -
transmission.source composition.direction.information.lOB and
the composition direction will be-described. it is éssumed
that the composition direction information adding means 2
writes an i1dentifier of the composition—to—combosition
communication relay unit 1 that performs relayﬁprocessingxdith
reference to the composition direction wherein an identifier
of the composition—to—compoéition communication relay unit 1

at the front side is a and an identifier of the other one 1is
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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 itself are
shown in Fig. 13. If the identifier of the
composition-to-composition communication relay unit 1l 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 thé ideﬁtifier‘of the transmission soufce and the
receiving composition-to-composition communication relay
unit 1 are not in agreement, the composition directions are
determined to be the same.

[oos4y1 o

 As above, the composition-to-composition communication
relay means 19 and the terminal 30 are realized in separate
unité, however, a configuration in which the terminals 30
mounted on the car at both ends of the composition 41 realize
the function of thé composition-to-composition communication
relay means 19 may be possible.
[0095]

In the embodiment, as i1s the case of the above described

48



embodiment, there is an advantage that the train car-to-car
communication device can stably operate in the transiticnal
pericd when the operation becoﬁéé easily unstable at change
in the composition 41, switching of detour paths, or the like.
[0096]

Embodiment 3

In the above described embodiments, the terminal 30 is
described to have one transmission port, however, the terminal
30 may be configured to 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 configuration diagram showing a train
car—to;carcommunicationdevicejjltheembodimentB. Further,
"Fig. 15 ié a configuration showing a
compositi5n~to—composition communication relay unit 1 as a
main part of the train car—té—car communication device. The
same numerals are assigned to the same component elements as
those 1in the above described embodiment. Further, the
compositions 41, the cars 40 (40a to 40d), the terminals 30,
the composition-to-composition transmission lines 21 are the
same as those in the above described embodiment. As below,
the description of differences will be centered.

(00981

The terminal 30 has two transmission ports 31a and 31b,
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and these transmission ports are connected to adjacent cars
40 via the intra-composition car-to-car transmission line 20a.
As below, with the configuration, the train car-to-car
communication device that manages the right of use of the
;intra—compositién car-to-car transmission line 20a (network)
through circulafion of a token packet is considered. Here,
the token packet is a control packet for exclusively using the
network. The network can be used in a periodafter the terminal
30 receivés the token packet and before transmits it to another
~terminal 30.

[0099]

The terminal 30 recognizes the transmission port 31a.ét
the upstream and the transmission port 31b at the downstream
with reference to the composition direction within the
composition of interest. When receiving the token packet, the
terminal 30 transfers the token packet according to the
direction indicated in the token packet, i.e., either of the
direction ffom upstream to downstream or the direction frqm
downstream to upstream. Further, the
Composition—to—composition communication relay unit 1 can
defineeﬂ1identifier(a_orkﬂ 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 train having the train car—to—gar communication
device with the above described configuration, the cirdulation
.of the token packet when two composifions in the different
composition directions are coupled will be described as below.
Note that the token packet contains information on the token
packet transfer direction. The information on the token
- packet transfer direction is direction-dependent information.
(0101}

The terminal 30 that starts token packet transmission
- may be determined according to the rule that “to set 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 set to the terminal 30 at the most
upstream within the composition, the terminal 30 that starts
tokeﬁ packet transmission sets the token packet transmission
direction to “fromupstream to downstream”. On the other hand,
- when the terminal 30‘that starts token packet transmission is-
set to the terminal 30 at the most downstream within the
cbmposition, the terminal 30 that starts token packet
transmission sets the token packet transmission direction
reversely to “from downstream to upstream”.

10102]

Asbelow,thecasewheretheterminal30thatstartstéken
packet transﬁission is set to the terminal 30 at the most

upstream within the composition will be described, however,
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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 31b at

the downstream side.. The adjacent terminal 30 receives the

packet from the transmission.port 31la at the upstream side and
transmits it to the transmission port 31b at the downstream
side according to the token packet transmission direction
(“frmnupstreamﬁxadownstream”)containedjjlthereceivedtoken
packet. After the processing is repeated, the token packet
istransmittedfromtheport31b<ﬁfthemostdownstremnterminal
30 within the.composition. The composition-to—-composition
communication relay unit 1lb receives the teken packet through
the intra-composition transmission port 15c.
[0104]
r-"“Thecompositiondirectioninformationaddingmeans23and
the composition number addiﬁg means 4 of the
composition-to-composition communication relay means 19 of
the coﬁposition-to—composition communication relay unit 1b

adds the transmission source composition direction

information 103 and the transmission source composition number

102 to the token. packét, and transmits it from the
composition-to-composition transmission port 15a via the

composition-to-composition transmission 1line 21 to the
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adjacent composition—to—composition.communication relay'uﬁit
1. Here, as the transmission scurce composition direction
. information 103; the identifier b of the
composition-to-composition communication relay unit 1lb may be
set as is the case of the embodiment 2.

[0105]

In the composition-to-composition communication relay
means 192 of the adjacent composition 41 that‘has the packet
from the composition-to-composition transmission port 155;
the composition direcfion 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 diréction—dependent information rewriting
meaﬁs 2 inverts the direction-dependent information. Here,
the direction-dependent information to be inverted-contains
the token packet transfer direction.

[0l086]

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
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i%tra—composition transmission port 15¢c of the
,compositioﬁ—to~compositioncommunicationrelayunit]_viathe
intra-composition car-to-car transmiésion line 20a. In this
example, the composition directions are oppositely connected,
and thus, thertoken'packet is received from the transmission
port 31b, i.e., from the downstream side of the terminal 30.
The terminal 36 Lransfers ?he 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 3la
at the upstream side via the intra-composition car-to-car
transmission line 20a.

[0108]

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 thé token packet transfer direction as the
direction—dependent. informatibn, and thereby, the token
packet cén.be circulated to all terminals 30 within the train.
Further, when compositions are coupled, the processing of
inverting the recogniticns of compositioﬁ 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—compdsition 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
composition, switchinglof detour paths, or the like.

[0111] |

Further, sincé the embodiment handles the token packet
transfer direction as the direction-dependent information as
wéll-with the configuration to manage the right-of'use”of the
intra—compdsition car-to-car transmission iine Zba, 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~éomposition transmission line 21 are not
multiplexed, however, in the embodiment, an embodiment with
improved reliébility by multiplexing the unifs relating to
transmission lines and transmission will be described.
[0113] | |

Fig. 16 1is 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 conneécted 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—compositioﬁ transmission line 21, the
composition-to-composition 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 3la, 31b of the terminal 30 are connected
to the intra—composition car—tq—car transmission lineé 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 beleow, the respective
multiplexed systems are called “system 1” and “system 27.
[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, andthus,thereiszmjadvantagethat
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 compesition-to-composition communication rélay means
19 afe as shown in Fig. 3. Further, the
composition-to-composition relay unit detouring means 16 has
the configﬁration 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 Jline 21b of the
system 2-in-:the respective compositions 41 are connected. -
However, 1f the composition diregtions are opposite, the
composition-to-composition transmission line 21a of the
system 1 of one composition 41 1is 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, 21b,
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identification information of the composition-to-composition
transmission lines 2la, 21b, identification information of the
composition-to-composition communication relay units la, lb,
ana.identification information of the transmission ports 3la,
31b of the terminal 30 are direction—dependént information
determined with referencé to the composition direction. For
instance, in the embodiment, the intra-composition car-to-car
transmission‘ lines 20a, the composition-to-composition
transmission lines 2la, the composition-to-composition
communication relay unit la, and the transmission port 3la of
the Cerminal 30 are called “system 1” and the intra-composition
car-to-car transﬁission lines 20b, the
‘compositionéto—composition transmission lines 21b, the
composition~to-composition communication relay unit 1lb, and
the‘transmissiorlpoft 31b of thefterminal_BO are called “system
27, -

{0118}

Inrthe 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 31la, 31lb of the respective terminéls
30. As in the drawing, “system” (system 1l or system 2) to which
the transmission port 31 beléngs, “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 (3la, 31b) of the respective terminals
30 in the composition 41 in Fig. 16.. Here, the composition
number is Seﬁ to one. Further, it is necessary to set the
network mask sb that the plural transmission ports 3la, 31b
connected to the same terminal 30 may be respectively assigned
to different sub-networks. This is because, 1f these are
assigned to the same sub-network, when transmitting an IP
packet, the terminal 30 is unable to determine from which
transmissioh.port 31 to transmit the IP packet. .Accordingly,
here, 255.255.0.0 is assigned to the transmission ports 3la,
31b of the terminal 30 as the network mask.

[0120]

The method of realizihg the composition number adding
means 3 in transfer processing of thé packet 'in the
composition-to-composition communication relay unit 1 is the
same aé that illustrated in the embodiment 1. Further, the
composition direction information adding means 4 adds
information of the  system to which the
composition—to—compositioﬁ communication relay unit 1 of
interest belongs as transmission source composition direction

information 103.
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[0121]

Wh-en receiving the | packe‘t from the
composition—to—composition.transmission port 15a or 15b, the
‘composition direction det»er‘nﬁini.ng means 5 determines the
difference in compositioﬁ direction between the adjacent
composit;on 41 and itself (necessity of rewriting of direction
information) based on Fig. 19. If determined that the
comﬁosition 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 toA invert the direction—dependent information
contained in the packvet. Here, the direction-dependent
information also contains information of addresses
corresponding to all systems of IP addresses (systems of
“system '1’*, “system 27 aS above). The system is detemined
- depending on the composition direction. For instance; in the-
respective compositic)ns, the right side as one faces the
éomposition direction is set to “system 1”. Further, at
coupling, the systems at the same side relative to the rail
track_ are connected. Accordingly, when compositions are
coupled, 1t is possible that the syst_em 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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composition - numbers 1 and 2 are coupled in the different
composition directiéns from each other. As below, a flow of
a packet when the terminal 30x of the car number 1 of the
compositidﬁ“ﬁumbér 1 ih the configuration in Fig. 20 makes IP
communication‘with.thé terminal 30y of the car number 4 of the
composition ﬁumber 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 és below.

[0124]

Since the sub-network address of the IP address 10.2.1;4
of the destinatioﬁ.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, 10:23i;l is stored as the
IP éddress of the tfanémission 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 1n the
intra-composition transmission port 15¢c - Dby thev--
-l@b’mpés’i"tion—to—compoéition communication relay- unit 1b of the
composition number 1. The composition direction information
adding means 3 of the composition-to-composition
communication relay unit 1b adds the information representing
the system receiving in the composition-to-composition
communication relay unit 1b of interest, i.e., the system 2
as the transmiésion source composition direction information
103.. Furthér, 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 18 information formed by adding the
transmission source composition direction information 103,
the transmission soﬁrce composition number 102 to the:
information— of . Fig. 22 (A) as shown 1in Fig. 22 (B). Thus
configured pa.cket (Fig. 22(B)) is | transmitted from the
composition—tO*composition transmission ports‘lBa, 15b.
[0127] |

Then, the above packet (Fig. 22 (B) )‘ is received in the
composition-to-composition transmission ports 15a, 15b of the
compositionHto—coﬁposition communication relay unit 1a of the
composition number 2 as the composition adjacent to the above

composition 41. At this time, the composition direction

62


IP-TEMP
Rectangle

IP-TEMP
Rectangle

IP-TEMP
Rectangle


determining means 5 determines that the compositiondirections
are different based on the determination criteria in Fig. 19
because the transmission source composi£ion direction
information 103 is system 2 and the direction information of
the composition 41 @ itself 1s system 1. Then, the.
composition-to-composition communication relay means 19
activatesthedirection—dépendentinformationrewritingn@ans
2 and rewrites to ihvert the direction-dependent information
contained in the packet. At this time, the information part
ofthesystanofthedestinationIPaddressandthetransmission
source IP address dontained in the packet is rewritten to be
inverted. Spécifically, 10.2.1.4 is rewritten to 10.1.1.4,
and 10.2.1.1 te 10.1.1.1.

[0128]

AFurther, when the received packet 1is tranéferred to
another composition-to-composition transmission port 15 than
the receiving one of the - composition-to-composition -
communigation relay unit 1, the composition direction
inférmation adding means 3 and the composition number adding
means 4 rewrite the transmission source composition direction
informathm1103andthetransmissionsourcecompositioﬁnumber
102 to contents of the composition itself, i.e., the systems
1 and 2, respectively. Thus configured packet iSshown:anig.
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
Lransmission source composition.direction.information 103 and
thetransmissionsourcecompositionnumber102areremovedftom
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)) 1is transmitted to
the intra-composition car-to-car transmission lines 20a of the
system 1 of the composition of the composition number 2, and
received at the transmission poert 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 éddress 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 1is transmitted to the intra—composition car-to-car

ftransmission lines 20a of the system 1. However, the
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sub;network of the tiansmission 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, 31b of the terminal 30y as
destinations, respectively. Then, the terminal 30y receives
one packet having the same sequeﬁce numper from each one of
the transmission ports 3la, 31lb of the sysﬁem 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-compositiocn
car—-to—-car transmission lines 20 (20a,_20b) and trénsmission
becomes disabled due to the above handling, in the terminal
30y handliﬁg‘ the received data, prdcessing relating to

reception can be continued without change and the reliability
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1s improved}
[0134]

Further, the receiving part 33 of the terminal 30y may
be configured to handle the received two packets in the
foliowing mannef.

(1) If the sequence number of the received packet is new, the
rpart 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»discerds the
packet.
.(3) If the part feceivesaipacket'with.the same sequence number
within the predetermined time,
(i) the part comparee contents of both paekets 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
unintendedehanges:Hlpackefcontentsjjlthetransmissionlines
can be defected, and thus, communication with high feliabi.lity
can be realized.
[0135]

In the above descfiption, 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;composition 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 in 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 determining means 5 and the
directioh¥dependent information rewriting means 2 and has
multiplexed transmission lines, there is an‘advantagg that
‘processing can be continued and stably processing can'be"
periformed even when the compoéitions in the different
composition directions are coupled and one system has a

trouble.
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Claims

[11 A train car-to-car communication device characterized
by comprising:

a terminal (30) provided in a composition (41) including
one or more cars (40) for transmitting and receiving
information;

an intra-composition car-to-car transmission line (20)
connected to the terminal within the same composition for
transmitting the information;

a cbmposition—to—composition communication relay unit
(1) 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 (21) for
connecting the composition-to-composition communication
relay units of the adjacent compositions and transmitting the
informaticn,

wherein the composition-to-composition communication
relay unit includes composition direction determining means

(5) for determining a difference between composition
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directions of the composition as a transmission source of the
received information and the composition to which the
composition-to-composition communiciﬁiqn relay unit of
interest Dbelongs, and direction-dependent information
rewriting means (2) for rewriting to invert
direction-dependent information contained in the received
information 1f the composition direction determining means
determines that the composition directions are different.
[2] The train car-to-car communication device according to
claim 1, wherein, when the compositions are coupled to both
sides of the composition to which the
composition-to-composition communication relay unit belongs,
the composition-to-composition communication relay unit
transmits the information to the other adjacent composition
different from the composition as the transmission source of
the received information.
[3] The train car-to-car communication device according to
claim 1 or 2, wherein the composition-to-composition
communication relay unit includes composition direction
adding means (3) for adding composition direction information
representing the composition direction to the information when
transmitting the information to the other composition, and
the composition direction determining means makes
determination by comparing the composition directicn

information of the composition to which the composition
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direction determining means of interest belongs and the
composition direction information of the received
information.

(4] The train car-to-car communication device according to
claim 1 or 2, wherein the composition-to~composition
communication relay unit includes composition number adding
means (4) for adding a composition number that has assigned
to the composition to which the composition-to-composition
communication relay unit of interest belongs in advance to the
information when transmitting the information to the other
composition, and activates the composition direction
determining means to store a determination result determined
by the composition direction determining means if there is a
change when detecting the change in the composition number of
the received information, and executes the
direction-dependent information rewriting means 1f the stored
determination «result shows the different composition
directions.

[5] The train car-to-car communication device according to
claim 1 or 2, characterized by comprising
composition-to-composition relay unit detouring means (16)
for configuring the composition-to-composition transmission
line so as to directly connect the compositions at both sides

when the other compositions are connected at both sides of the
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composition.

[6] The train car-to-car communication device according to
claim 1, characterized by comprising two
composition-to-composition communication relay units (1} (1).

[7] The train car-to-car communication device according to
claim 1, the terminal (30) comprising two transmission ports
(3la) (31b) to manage the right of use of the intra-composition
car-to-car transmission line (20} through circulation of a
token packet.

[8] The train car-to-car communication device according to
claim 1 or 2, characterized by comprising two systems of the
intra-composition car-to-car transmission lines (20a) (20b),

the composition-to-composition transmission lines (21la) (21b),
and the composition-to-composition communication relay units
(1a) (1b), wherein each of the terminal (30a)-(30d) has
transmitting and receiving parts (34) (33) for controlling two
transmission ports (31la) (31b) connected to the
intra-composition car-to-car transmission lines (20a) (20b)

of the respective systems.

[9] The train car-to-car communication device according to
claim 8, wherein the terminal transmits information to which
the same number has been added at information transmission from
the transmitting parts of the two systems and processes the
information to which the unreceived number has been added at

information reception.
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[10] The train car-to-car communication device according to
claim 8, wherein the terminal transmits information to which
the same number has been added at information transmission from
the transmitting parts of the two systems and, if one
transmitting part receives the information to which the
unreceived number has been added at information reception,
walts for a predetermined time for the other transmitting part
to receive the information to which the number has been added,
and, when receiving the information of interest, compares the
information received by the two receiving parts and processes

the information in agreement.
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