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Description

Communilication system

DK/EP 3529975 13

for a rail vehicle and method for

operating the communication system

The 1nventlon relates to a communication system for a rail

vehicle and a method

rall vehicle.

In princilple 1t 1s desirable

pre——

B

for operating a communication system of a

for communication systems to

address functilional devices of the communilication system

—

unambiguously. Based on the addressing, information, for

—

example 1n the form of data packets, can be routed to the

a transmission.

In

—

pre——

functional device by means of the communication system durlng

he case of multiple units the same and/or

different functional devices may be arranged 1n a single car

and/or in multiple cars.

Hitherto contro.

communication with the

—

O

—
o

—

a function o:

the functional device and

functional device has been carried out

by means of a control application based on an absolute

pre——

location or an absolute position of the component within the

rall vehicle. In thilis case the control application 1s designed

pre——

for a respective configuration o1

the railil vehicle.

US 2006/180709 Al describes a method and system for train

lnauguration over an 1nternet protocol (IP) based

pre—— pre——

communication network. A leading car of a plurality of cars

that form a traln 1s 1ldentified.

pre——

one unit of cars,

car. Network and con:

whereln The

The traln i1ncludes at least

first unit includes the leading

—

"1lguration information 1s diliscovered for

cars 1n the train using a discovery protocol. The network and

configuration 1n:

"ormation 1s broadcast to units 1n the train.



Car and unit topology

network and configuration 1n:

—

OL
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Z

the train 1s generated based on the

"ormation and the leading car that

pre——

1s 1dentified. NAT translation addresses are generated for

pre——

fixed IP addresses of

pre——

devices 1n the plurality of cars.

Routing i1information 1s exchanged between routers to enable

communication between devices 1n the train using the NAT

translation addresses.

DE 10 2006 018 163 Al describes a method for automatic address

assignment to moblle communication participants, which 1in

particular are assigned to railil vehicles. At least one

—

ldentifier of 1mmediliately adjacent communilication particilpants

—

1s determined for address assignment of the communicatilion

partlicipants and this 1s sent to a communilication participant

acting as a higher-level unit.

The unlt recognises

nelghbourhood relationships between the communication

participants on the basis o:

-~ Tthe transmitted data, based on

these recognised nelghbourhood relationships determines the

—

sequence of communication participants, and undertakes or

triggers an address assignment based thereon.

EP 1 995 147 Al describes a transmission system for rail

vehicles. The transmission system comprilses a transmilission

device having a plurality of

transmission device 1s mounted on each of a plurality of

vehicles and 1s designed

pre——

transmission ports. The

— —
e

—

for the transmission of data received

at a port to a requlred transmilissilion port 1n accordance with a

prescribed 1nstruction.

A

Cransmilission path connects the

pre——

transmission devices which are mounted 1n each of the

pre——

plurality of vehicles.

An electrical device 1s connected to a

corresponding transmission device and 1s designed to exchange

data with the transmission device. A transmilission relay

control device 1s arranged 1n a corresponding transmission
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devlice and 1s designed to set a transmission station address

—

of the electrical device, which 1s connected to a host

transmission device. The transmission device 1s desiligned, when

pre——

setting the address of an electrical device using an automatic

pre——
—

address setting function 1n a network 1n which a plurallty of

—

electrical devices of the same type 1s arranged, to generate a

—

status 1n which only the transmission devilice 1tself and an

electrical device connected to the transmission device are

connected to the network. Thils status 1s Jenerated by stopping

pre——

an exchange of data with another transmilission device and

pre——

labelling the transmission station addresses of the electrical

devlice 1n accordance wlth a prescribed setting.

—

In light of this, the object of the 1nventilion 1s tTo 1ncrease

pre——

flexibility as regards the configurability of the rail

vehilcle.

This object 1s achieved by a communication system for a rail

vehlcle, comprilising: a communication network which has at

least one functional device, whereiln the at least one

functional device 1s assigned a functional network address for

pre——

addressing the functional device by means of a control

application, and the functional network address has a

function-specific portion which represents a function of the

—

functional device 1n a predefined configuration of the rail

vehicle.
It has been recognised with the 1nvention that the
distribution of functilional devices 1s dependent on the

pre——

configuration of the rail vehicle. Thus devices for supplving

and transformling energy can, dependling on the space

regqulrement and performance, be arranged 1n one or more

—

different cars of the rail vehicle. Devices for bistro or




DK/EP 3529975 13

restaurant operation can be situated 1n one or more specilally

provided cars of

—

—

the rail vehicle. Furthermore, devilices for

pre——

alr conditioning of driver’s cabs and/or passenger spaces,

sanltary

facllities and other specialised devices (e.g. a

train conductor compartment, access facilities for disabled

persons, etc.)

can be situated 1n one or more dij

—

"erent

locations 1n the rail vehicle. To execute a control

application 1t has been necessary 1n the previous solutions

configuration of

pre——

for the control application to be designed for a particular

the rail vehicle. In other words: the control

appllcation can correctly address the functional devices 1n

—

previous solutions only 1f the configuration 1s as specilfied.

—

change,

1n TtThe context

f the con:

sO That

O

pre——

"1lguration changes, the control application has to

functional devices can be correctly addressed

pre——

che application of the control application.

The 1nventlve communication system achleves this object 1n

that

—

functional devices can be addressed by means of the

control application using a functional network address which

— —
o

1s at least partially i1ndependent of the configuration of the

rall vehicle.
control application

1ndependently of

pre——

1f The con:

"ore still

there:

change the con:

pre——

This has the 1mportant advantage that the

for the rail vehicle can be designed

pre——

the configuration of the rail vehicle. Even

"lguration changes, the same control application can

be used. In this way 1t 1s made easler to

—

"1guration of the rail vehicle, for example by

removing a restaurant car or a traction car, since the control

appllcation or

d

Wt

leas

C 1mportant parts thereof do not need to

be modified. This i1ncreases the flexibillity durlng operation

pre——

of the rail wvehicle.

The communication network preferably comprises an Ethernet

network or 1s designed as such. The rail vehicle 1s preferably



embodied as a multiple unit.
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pre——

The functional device 1s formed by a plurallity of network

components which can be addressed jJjointly using a functional

pre——
—

network address. One example of a functional device wilithilin the

—

meaning of the 1nvention 1s a car of the rail

vehicle with

1ndividual network components present 1n the car.

The person skilled 1n the art understands the

term “control

application” preferably as control and communication software.

The control application 1s further preferably

a control

appllication provided for the vehicle driver and operable from

the driver's cab. The person skilled 1n the art understands

—
-

the phrase “addressing the functional device by means of a

{4

control application

0 The effect that The control

appllcation 1s designed to address the functional device using

the functional network address.

According to the expert understandiling, the configuration

—
o

represents a distribution of functilional devices along or

wlthlin the rail vehicle and thelr associated

function. In

particular, the person skilled 1n the art understands the

pre——

conflguration as a speclflic comblnation of several cars to

form a multiple unit (multiple unit configuration).

According to the i1invention the functional network address

comprises a relative portion which 1dentifies

device to be addressed from among a pluralilty

a functional

pre——

of functional

devilices wlth the same function. It has been recognised that,

1n particular when the rail vehilicle 1s configured with a

—
e

plurality of functional devilices with the same

function,

amblgulty can arise 1n the addressing based on the function-

speclfic portion. In order to achieve unambiguous addressing
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1n such a configuration, the relative portion serves to

ldentify the functional device to be addressed from among the

pre——

plurality of functional devices wilith the same function.

In a preferred development, the relatlve portion represents a

—

relative position of the functional device relative to a

further functional device with the same function. The relative

—

position preferably represents a position of the functional

device along a longltudinal extension, further preferably

pre—— pre——

viewed 1n the direction of travel of the railil vehicle.

—
e

The relative positilion 1n a serles of functional devices wilith

the same function preferably comprises a position number which

represents the position of the functional device within the

serles.

pre——
—

An example of a functional network address when addressing a

pr—— |

car as functilional devices 1s “TW2”. Here the functilion-specific

portion “ITW” represents the function “"multiple unit” and the

position number “2” represents the second multiple unit 1in a

— —

serles of several multiple units of the rail vehicle.

According to the i1nvention the communication system comprilses

a communlication device which 1s designed to map the functional

—

network address tTo a network address of a network component of

B

—

a configuration-dependent network structure of the rail

vehicle. The person skilled 1n the art understands the term

“communication device” preferably as a communication laver for

pre——
p—

translating the functional network address used by means of

the control application i1nto a network address which 1s used

by the communication protocols present 1n the vehicle. The

network address preferably includes an IP address. All of the




data addressed to a

appllication preferably

When using the form of

multiple unit con:

appllication,

pre——
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—

functional device by means of the control

passes through the communilication laver.

embodiment for addressing cars wilithin a

pre——

"lguration by means of the control

the communilication device 1s preferably designed

—

independently of the multiple unit configuration. The design

—

of the communication devilice 1s further preferably dependent on

a communication network or bus used 1n the multiple unit and

pre——

on an assignment of a network component to a car that can be

addressed for the desired functionality. Thus to control

traction local to a car the control applilication for example

merely needs to address the desired multiple unit using the

functional network address. The communication device

cranslates the functional network address used by the control

pre——

application 1nto a network address of the control device (as a

network component) of

for traction

network structure pre:

pre——

control.

pre——

- networks

consisting o:

level Y“vehicle bus”

backbone (ETR) ).

the conflguration.

translates the

the traction car which 1s responsible

—

In a preferred development of the communication system, the

"erably comprilises an Ethernet network,

for communication at vehicle or car

(preferably PROFINET), and a “train bus”

for communication at trailn level (preferably an Ethernet train

The network structure preferably depends on
In other words: the communlcation device

functional network address 1nto a network

address, for example an IP address, which 1s dependent on the

configuration and the associated network structure of the rail

vehlcle.

According to

—

a further preferred development of the

communilication system,

the communication device 1s designed to
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—

carry out the mapping on the basis of a determlnation of the

—

configuration of the rail vehilicle. As part of the

determination, a functional device 1s preferably assigned a

functional attribute which specifilies a function of the

functional devices.

For the exemplary application when addressing cars within a

multiple unit confliguration, this can be understood as

follows: the communication device knows the communicatilion
network or communication bus present 1n the rail vehilcle.
Furthermore, the communication device knows whilich control

devlice can be addressed as a network component 1n a car (e.d.

traction car) for a desired functionality (e.g. traction
control). In order that the communication device 1s enabled to
map Tthe functional network address to a network address of the

network structure with a specific multiple unit configuration,

pre——

the determination of the multiple unit configuration provides

a basis for this.

According to a further development, the determination can be

—

carried out on the basis of a train i1nauguration and/or on the

pre——

basis of specified configuration information. The

pre——

determlnation on the basls of a traln 1nauguration represents

a dynamic and automated method for determining the

—

configuration. As part of the train 1nauguration, an

lnauguration result 1s preferably determined. Usilng the

lnauguration result, the communicatlion device translates the

functional network address 1nto the network address of the

pre——

network structure of the rail vehicle. The trailn 1nauguration

[*]

preferably includes an ETB 1nauguration. Alternatively or

additionally, the confilguration can be provided statically

using the specified configuration 1nformation. For example,

the configuration can be predetermined by a design of the rail
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vehicle. Alternatively or additionally, several different

—

configuration information 1tems can be provided, each of which

pre——

represents one of several configuration varlants. In addition,

the configuration can be selected from several predefined

configuration variants. The selection 1s preferably made by

—

the operatling or malntenance personnel of the rail wvehicle.

The 1nvention further relates to a method for operating a

pre——

communication system of a raill vehicle, comprising:

pre—— pre——

determlination of a configuration of the rail wvehicle,

pre——
—

assignment of a functional network address to a functional

— —

device of a communication network of the communication system

—

on the baslis of the determined configuration, and addressing

—

the at least one functional device of the communication

pre——

network using the functilional network address by means of a

control applilication, whereln the functional network address

comprises a function-specific portion which represents a

—

function of the functional device.

— —

A preferred form of embodiment of the 1nventive method

comprises: mapplng the functional network address to a network

pre—— pre——

address of a network component of a configuration-dependent

pre—— pre——
p—

network structure of the rail vehicle by means of a

communication device.

—

According to a further preferred form of embodiment of the

—

inventive method the determination of the configuration

pre——

comprises: determination of a function of the functional

pre——

device and a position of the functional device within and/or

along the rail wvehicle.

—

According to a further preferred embodiment of the i1nventive

—

method the mapplng 1s performed on the basis of the
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—

determination of the configuration of the rail vehicle.

In a development of the method the determination 1s performed

pre——

on the basis of a train inauguration and/or using

predetermined configuration 1nformation.

—

For embodliments, developments, detailils of embodiments and

advantages of the i1nventilive method, reference 1s made to the

description for the corresponding system features.

pre——

An exemplary embodiment of the invention will now be explalned

—

on the basis of the drawings, 1n which

—

Figure 1 shows a schematlc cross—-sectilional view of a rail

pre——

vehilicle according to an exemplary embodliment of an

lnventive communication system and

—

Figure 2 shows a schematic flow chart of an exemplary

—

embodiment of an 1nventive method.

Figure 1 shows a rail vehicle 10 1n a lateral cross-sectional

view. In the embodiment under consideration, the rail vehicle

pre——

10 1s designed as an assocliation of several cars 1-7 with at

pre——

least one multiple unit. The raill vehicle 10 1s provided for

transporting passengers.

The rail vehilicle 10 moves 1n a driving mode 1n the direction

O

pre——

cravel 9. The raill vehilicle 10 comprilises a communication

pre——

network 20 which has a traln bus 32 and 1n each of the cars 1-

/7 an Ethernet network 21-27 wilith a vehlcle bus, 1n particular

1n accordance with the Profinet standard. The train bus 32 1s

desligned as an Ethernet traln backbone 33. The train bus 32

and the Ethernet networks 21-27 form a network structure 34 of

B
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the rail vehicle 10. The network structure 34 depends on a

—

configuration of the rail vehicle 10 which represents a

pre——

distribution of the cars 1-7 and their assigned function along

the rail vehicle 10. The cars 1-7 together with their

respective Ethernet networks 21-27 each form a functional

—

device 41-47 of the communication network 20 1n the view shown

1n Figure 1.

pre——

Car 1 1s an end car EW 1n the forward direction of travel 9.

pre——

Car 7 1s an end car EW 1n the rearward direction of travel 9.

Car 2 1s an 1ntermediate car MW which has no drive. The cars
3, 4 and 6 are traction cars TW, whereln the cars 3 and 6 each
have a pantograph 11 and 12 respectively. The traction cars 3,

4 and 6 are used to drive the rail vehicle 10 and each have

(not shown) a transformer, a traction converter, an auxililiary

supply converter and at least one traction motor.

—

A computling unit 51 or 52 1s arranged 1n each of the cars 1 or

/. The computing units 51 and 52 are each designed to execute

—

a control application 60 1n the form of control and

— —

communication software. In the context of the execution of the

control application 60 1t 1s necessary to address at least one

pre——

of The functional devices 41-47.

—

The addressing of the functional devices 41-47 1s described

below using the example of the traction cars 3, 4 and 6: for

addressing traction cars, the control application 60 uses a

functional network address TW1l, TW2 and/or TW3. Viewed in the

pre——

direction of travel 9, the car 3, which can be addressed by

pre——

means of the control application 60 using the functional

network address TWl, 1s 1n the absolute position 3. Car 4,

—

which can be addressed by means of the control application 60

using the functional network address TWZ2, 1s located 1n the



absolute position 4. Car 6, which can be addressed by means of
the control application 60 using the

address TW3,

12
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B

functional network

1s located 1n the absolute position 6.

pre——

In a method step A (Figure 2) a configuration of the rail

vehicle 10 1s determlined during a traln 1lnauguration. In other

words:

the con:

"lguration according to method step A 1s

determined 1n that the function of the cars 1-7 and the

pre——

position of the cars 1-7 within the rail vehicle 10 1s

determined 1n a method step AA.

The respective

—

function of a car 1s 1ndilcated by function

attributes, for example: “leading”, %“can provide higher-level

—

traction control”, “has traction”, etc. Thus as part of the

Figure 1,

Craln lnauguration for the exemplary embodiment shown 1n

1t 1s determined that the cars 1 or 7 are each

designed as end cars which can control the traction at a

higher level. A functional network address

car
portion “1” or “2”. The function-specilific portion

represents the

or /7 has a function-specifilic portion

—

control the traction at a higher level.

pre——

EWl or EWZ2 of the

“EW” and a relative

A\ ZW r7

function of the end car 1 or 7, whereby 1t can

Furthermore, 1t 1s determined as part of the train

lnauguration that the cars 3,

4 and 6 are each designed as

traction cars. The functional network address TW1l, TWZ or TW3

O

por

—

pr— |}

the car 3, 4 or o6 respectively has a function-specific

—10n

function-speci:

cars 3,

O

—
-

the

“TW” and a relative portion “17, “2” or “3”. The

B

"1C portion “TW” represents the function of the

4 or 6, whereby these have traction.

In a method step B, the control application

—
-

functional devices 41-47 by means o:

60 addresses one

the respective



functional network address.

13

DK/EP 3529975 13

For example, tThe control

application 60 addresses the car 6 using the functional

network address TW3. The

mapped to a network address,

network structure 34 of

pre——

functional network address TW3 1s

pre——
p—

for example an IP address, of the

pre——
—

the rail vehicle 10 by means of a

—

communication device ol of the car 1

device 62 ©

—

and a communication

f the car 7 1n a method step C. In other words: the

communication device o0l or ©2 translates the functional

network address TW3 1nto an

structure 3

desired to control the traction o:

4 of

the rail

vehicle 10.

pre——

pre——

IP address of the network

pre——
p—

f, for example, 1t 1s

-~ the third traction car 6o,

the communication device 61 translates the functional network

address TW3 used by the control application 60 into an IP

address 35 of a control device 36 of

responsible

pre——

The use otf

—

for

the

—

"raction control.

the car © which 1s

functional network address by the control

application 00 has the advantage that the control application

o0 1s enab.

ed To address

—

functional devices 41-47 of the rai.

—

—

vehlicle 10 i1ndependently of the current confilguration of the

rall vehicle 10.

The control application 60 does not have to

pre——

be modified when the configuration of the rail vehicle 10 1s

changed.
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Patentkrayv

1. Kommunikationssystem til et skinnekareta (10), omfattende:

- et kommunikationsnetveerk (20), der omfatter mindst en funktionsindretning
(41-47), der er dannet af en flerned af netveerkskomponenter, der sammen kan
adresseres ved hjeelp af en funktionel netveerksadresse,

0 hvor den funktionelle netveerksadresse (TW1; TW2; TW3) til adressering af
funktionsindretningen (43; 44: 46) er tilordnet til den mindst ene funktionsind-
retning (43; 44; 46) ved hjeelp af en styreapplikation (60),

0 hvor den funktionelle netveerksadresse (TW1; TWZ2; TW3) har en funktions-
specifik andel (TW), der repreesenterer en funktion af funktionsindretningen
(43; 44:; 46) ved en forudbestemt konfiguration af skinnekaretajet (10), og

0 hvor den funktionelle netveerksadresse (TW1; TW2: TW3) omfatter en relativ
andel ("1"; "2" "3"), der identificerer en funktionsindretning (43; 44; 46), der
skal adresseres, blandt en flerhed af funktionsindretninger (43, 44, 46) med
samme funktion (TW), og

- en kommunikationsindretning (61, 62), der er udformet til at afbillede den
funktionelle netveerksadresse (TW3) pa en netveerksadresse (35) af en net-
veerkskomponent (36) af en konfigurationsafhaengig netvaerksstruktur (34) af
skinnekaretajet (10).

2. Kommunikationssystem ifalge krav 1,

hvor den relative andel ("1"; "2"; "3") repraesenterer en relativ position af funk-
tionsindretningen (43; 44; 46) 1 forhold til en yderligere funktionsindretning (43;
44 46) med samme funktion.

3. Kommunikationssystem ifalge krav 1 eller 2,

hvor netveerksstrukturen (34)

- fortrinsvis omfatter et ethernet-netvaerk, bestaende af netvaerk til kommuni-
kation pa keretajs- eller vognplan, fortrinsvis PROFINET, og

- en togbus (32), fortrinsvis et Ethernet-Train-Backbone (33).
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4. Kommunikationssystem ifalge mindst et af de foregaende krav,
hvor kommunikationsindretningen (61, 62) er udformet til at udfere afbildnin-
gen pa baggrund af en fastleeggelse af skinnekaretajets (10) konfiguration.

5. Kommunikationssystem ifalge krav 4,

hvor fastleeggelsen kan udferes

- pa baggrund af en ibrugtagning af toget og/eller

- vedhjeelp af pa forhand angivet konfigurationsinformation.

6. Fremgangsmade til drift af et kommunikationssystem i et skinnekaretaj (10),
omfattende:

at fastlaegge (A) en konfiguration af skinnekaretajet (10), at tilordne en funkti-
onel netveerksadresse (TW1; TW2; TW3) til en funktionsindretning (43; 44; 46)
af et kommunikationsnetveerk (20) af kommunikationssystemet pa baggrund
af den fastlagte konfiguration, hvor funktionsindretningen (41-47) er dannet af
en flerhed af netveerkskomponenter, der kan adresseres sammen ved hjeelp
af den funktionelle netveerksadresse,

at adressere (B) den mindst ene funktionsindretning (43; 44; 46) af kKommuni-
kationsnetveerket (20) ved hjeelp af den funktionelle netveerksadresse (TWW1;
TW2; TW3) ved hjeelp af en styreapplikation (60) og

at afbillede (C) den funktionelle netveerksadresse pa en netveerksadresse (35)
af en netvaerkskomponent (36) af en konfigurationsafhaengig netvaerksstruktur
(34) af skinnekaretgjet (10) ved hjeelp af en kommunikationsindretning (61,
62), hvor den funktionelle netveerksadresse (TW1; TWZ2; TW3) omfatter en
funktionsspecifik andel (TW), der repraesenterer en funktion af funktionsindret-
ningen (43; 44; 46), og hvor den funktionelle netveerksadresse (TW1; TW2,;
TW3) omfatter en relativ andel ("1'"; "2"; "3"), der identificerer en funktionsind-

retning (43; 44; 46), der skal adresseres, blandt en flerned af funktionsindret-
ninger (43, 44, 46) med samme funktion (TW).

7. Fremgangsmade ifelge krav 6, hvor fastlaeeggelsen (A) af konfigurationen
omfatter:

at fastleegge (AA) en funktion af funktionsindretningen (41-4/) og en position
af funktionsindretningen (41-47) |1 og/eller langs skinnekaretajet (10).
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8. Fremgangsmade ifalge krav 6 eller 7,
hvor afbildningen (C) sker pa baggrund af fastleeggelsen (A) af skinnekareta-
jets (10) konfiguration.

9. Fremgangsmade ifelge mindst et af de foregaende krav 6-8,
hvor fastleeggelsen (A) sker

- pa baggrund af en ibrugtagning af toget og/eller

- ved hjeelp af pa forhand angivet konfigurationsinformation.
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