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(54)

(67) A method and system to provide a communica-
tion link between an automatic train operation unit (105),
in particular a so-called "ATO-OB?", of a rail vehicle (100)
with a local traffic management system (135) comprising
the following steps:

« providing a common access point (121), in particular a
so-called "APN", and a common switching center (116),
in particular a so-called automatic-trainoperation-track-
side-unit "ATO-TS",

« providing local traffic management systems (135a-d),
in particular so-called "TMS", that are configured to com-
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municate with the common switching center;

« providing an automatic train operation unit within a rail
vehicle that is configured to communicate with the com-
mon access point;

wherein the automatic train operation unit transmits in-
formation at least about its current driving area when
communicating with the common access point, wherein
the common switching center forwards the communica-
tion of the automatic train operation unit to the local traffic
managementsystem that corresponds to the current driv-
ing area (110).
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Description

[0001] Theinvention relates to a method, to a common
switching center and to a communication system to pro-
vide efficient means for the communication in the context
of automated driving of rail vehicles.

[0002] A current trend in today’s mobility solutions is
that a human driver is supported and/or replaced by an
autonomous driving "intelligence". It is assumed that
such an autonomous driving system is not a subject of
some human failures that cannot be avoided like fatigue,
distraction, worsening driving capabilities with age, dif-
ferent qualifications etc. Even if autonomous driving sys-
tems might not result in a totally accident free traffic en-
vironment, it is assumed that those autonomous driving
systems will get better with every version.

[0003] Especially in the field of rail vehicles, it is as-
sumed that autonomous driving systems can getinto op-
eration in the near future because the use of rails and
the reduced influence of other road users makes the over-
all situation less demanding compared to autonomous
car driving solutions.

[0004] Many in-use rail vehicles already have onboard
units for automatic train operation, so-called ATO-OB
units. The ATO-OB units are configured to receive sensor
data of the train and to drive the train, i.e. to adjust the
speed, perform breaking maneuvers. As the train is not
alone in a certain driving area and because each driving
area can differ from its journey profile, it is necessary that
the ATO-OB units are frequently provided with distinct
journey profiles (JP) and segment profiles (SP) of those
various driving areas. The JP and SP are designed to
comprise (optimized) parameters of the journey. A first
driving area can be defined as a geographical region with
certain partners, wherein a second driving area starts
where the first driving area ends. For example, a driving
area can be called "Munich", "Vienna", etc.

[0005] Information like gradients, track speed profiles
and temporary speed restrictions, the movement author-
ity limitation restricted by signals, railroad switches,
and/or location of other trains are provided and managed
within so-called traffic management systems (TMS),
which can be local server units that are operated and
managed by local railroad service stations.

[0006] In this environment rail vehicles, especially
trains, need a technical infrastructure to transmit the in-
formation from the TMS of the area the train is passing
through to the ATO-OB unit of the train.

[0007] The currently used interface is the so-called
ATO-TS (automatic train operation, trackside unit) that
is being defined through standardization on a European
level, i.e. in the context of ETCS (European train control
system), technical specification for interoperability (TSI),
release 2022. The task of this ATO-TS system is to pro-
vide an interface to the local TMS units, so that it is pos-
sible to provide journey profiles (JP) and segment profiles
(SP) to the train operating in the corresponding area.
[0008] However, itis not only beneficial if the train gets
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information from the TMS but also if the TMS receives
information of the trains that operate under ATO-OB. If
those information, like a geographical position, speed
and various other parameters are supplied to the local
TMS, the TMS can use these parameters to perform re-
scheduling and/or re-routing calculations. This updated
information can be send back through the ATO-TS to the
trains and being taken into account by the ATO-OB of
the train.

[0009] Fig. 1 shows the current state-of-the-art to ex-
change the information described above.

[0010] Trains 100, which can be individualized as
trains 100a, 100b, 100c, 100d, are each equipped with
an automatic train operation onboard unit"ATO-OB" 105,
which can be individualized as 105a, 105b, 105¢, 105d.
An automatic train operation ATO is composed of two
subsystem, i.e. the onboard unit ATO-OB and the track-
side unit ATO-TS. As mentioned above, the respective
ATO-OB is responsible for the automatic train operation
and therefore requires information from the TMS 135,
135a of the respective driving area 110. Fig. 1 shows that
the ATO-OB 105a of the train 100a connects to one spe-
cificlocal ATO-TS 115, in particular to the ATO-TS 115a,
based on a "train running number" and a specific access
pointname 120, in particular the access pointname 120a.
The term "subset 126" describes the communication in-
terface according to European standardization. Each
APN 120, each ATO-TS 115, and each TMS 110 has its
own destination address that needs to be supplied to the
"ATO-OB" 105 in order to be able to communicate with
the correct TMS 110 of the respective driving area the
train currently passes through.

[0011] Hence, the connection and service of the re-
spective ATO-OB 105 is constrained by the geographical
area that is covered by a single ATO-TS 115 and its con-
nected TMS 110 service. For example, the first train 100a
is connected to the TMS 110a that has information about
journey profiles of the driving area around "Munich",
wherein the third train 100c is connected to the TMS 110c
that has information about journey profiles of the driving
area "Stuttgart". If the train 100 enters a different TMS
110 driving area, typically a different ATO-TS 115 is re-
quired because every TMS 110 is only connected to sin-
gle ATO-TS 115. This requires a reconnection of the
ATO-OB 105 to the different APN 120 with a different
communication address . The handover procedures are
not defined in advance so that is not possible to change
automatically and seamlessly between different ATO-TS
115 and ATO-OB 105 combinations. One reason is that
the various ATO-TS 115 are deployed on local servers
or local data centers that do not allow scalability for hun-
dreds or even thousands of trains connected to the sys-
tem at the same time.

[0012] Currently, the ATO-TS 115 is connected to the
respective TMS 110 by using proprietary interfaces de-
pending on the capabilities of the respective TMS 110.
In this set up, a seamless railway operation across Eu-
rope using ATO-OB 105 for automation, would require
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strict configuration management, that means that all
ATO-OBs 105 across the whole fleet for all operators
would "always" have to know the latest configuration data
for each of the APNs 120 and the respective ATO-TS
115 addresses and the corresponding assignment to the
different geographical areas.

[0013] Inthe view ofabove, itis an object of the present
invention to provide techniques that enable an efficient
communication of automatic rail vehicle operation units
with local traffic management systems, in particular if the
rail vehicle travels through different driving areas that are
supported by different local traffic management systems.
[0014] This object is solved by the features of the in-
dependent claims.

[0015] The features of the various aspects of the in-
vention described below or the various examples of im-
plementation may be combined with each other, unless
this is explicitly excluded or is technically impossible.
[0016] The invention is to be understood that it can be
applied to rail vehicles in general and is not restricted to
trains. However, in the following the invention will be de-
scribed in terms that are commonly used regarding trains.
The person skilled in the art recognizes that the function-
ality of those units described with these terms have a
field of application that is not restricted to trains, but to
rail vehicles in general.

[0017] According to a first aspect of the invention, a
method is disclosed that provides a communication link
between an automatic train operation onboard unit, in
particular a so-called "ATO-OB", of a rail vehicle with a
local traffic management system comprising the follow-
ing steps:

e providing a common access point, in particular a so-
called "APN", and a common switching center, in
particular a so-called automatic-train-operation-
trackside-unit "ATO-TS",

o the common access pointis the access point of the
common switching center, i.e. a technical device to
communicate and to send data to the common
switching center. The switching center is called a
common switching center, as will be explained in fur-
ther detail in the following, because it is designed to
communicate with multiple trains and multiple local
traffic management systems in parallel; the common
access point and/or the common switching center
have known communication addresses, which can
be provided to other units in order to facilitate a com-
munication link; the common switching center can
be located within a cloud service (or another kind of
data center) thatis provided by a network to the com-
munication provider; the common access point is
configured to communicate with a cellular and/or a
fixed line standards. In particular, the common ac-
cess point can communicate with 4G, 5G or further
standards, especially railway specific standards
such as GSM-R or FRMCS, and forward the data to
the common switching center; the common switch-
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ing center can be a server unit that runs with dedi-
cated algorithms;

e providing multiple local traffic management systems,
in particular so-called "TMS", that are configured to
communicate with the common switching center;

o typically, those local traffic management sys-
tems are managed and run by local traffic au-
thorities. The local traffic management system
and/or the common switching center can be re-
alized as being a server or being implemented
on the same or a different server unit. The local
traffic management systems are provided with
knowledge about the railroad infrastructure of a
defined driving area, in particular about the rails,
rail profiles etc. The local traffic management
systems receive information from rail vehicles
traveling through their driving area and try to op-
timize the traffic routing for those rail vehicles;
in particular they can generate appropriate time
table and routing information for each rail vehicle
and send them to the corresponding automatic
train operation onboard unit of that rail vehicle
via a common control center or via the ATO-TS
so that the rail vehicle adapts his driving strategy
accordingly; currently the actual driving com-
mands are then typically generated by the au-
tomatic train operation onboard unit itself; nev-
ertheless, in principle it could be possible that
the local traffic management systems also gen-
erate and send driving commands for the auto-
matic train operation onboard unit to execute;

o the local traffic management systems each
have known communication addresses, in par-
ticular IP addresses (or names that can be re-
solved, e.g. by DNS) so that the common switch-
ing center is able to establish a communication
link;

e providing an automatic train operation onboard unit
within arail vehicle thatis configured to communicate
with the common access point and/or the common
switching center;

o the automatic train operation onboard unit can
be configured to execute driving commands, in
particular driving commands of the driving traffic
management systems, and to adapt the driving
commands to the train according time table and
routing information, e.g. accelerate, drive with a
constant velocity, de-accelerate, coast, etc.;

o the automatic train operation onboard unit can
be configured to collect status information about
the train and to generate data packets that com-
prise this status information;
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o the automatic train operation onboard unit can
communicate with the common switching center
through the APN, in particular by sending the
data packet with the status information to the
APN and to receive JPs and SPs from local traf-
fic management systems via the APN; In gen-
eral, a central instance, in particular the local
traffic management systems, provides the basic
parameters the journey of the vehicle (JP & SP),
the then ATO-OB calculates the travel com-
mands independently based on these parame-
ters (in conjunction with information from the on-
board train control computer, which provides, for
example, the position of the next signal indicat-
ing a stop).

otypically, the automatic train operation onboard
unitcan communicate by mobile communication
standards, like 4G, 5G, GMS-R, FRMCS, or fur-
ther standards; for that purpose, the automatic
train operation onboard unit comprises a radio
module and can have a SIM are an eSIM module
that provides the mobile communications and
comprises the communication address of the
automatic train operating unit;

o typically, each ATO-OB is associated with a
unique ftrain ID and a unique train running
number; Typically, the train driver enters this
train running number into another onboard sys-
tem at the start of the mission, and the ATO-OB
uses this number to establish communication
with the ATO-TS it knows and then requests in-
formation on JPs and SPs;

wherein the automatic train operation onboard unit trans-
mits information at least about its current driving area
when communicating with the common access point
and/or the common switching center, wherein the com-
mon switching center forwards the communication of the
automatic train operation onboard unit to the local traffic
management system that corresponds to the current driv-
ing area.

[0018] The information about the current driving area,
e.g. a geographical position of the train, can be used by
the common switching center to redirect the communi-
cation to the appropriate local traffic management sys-
tem. Also the train running Number can be used if no
localization information can be provided, so that the com-
mon switching center queries the connected TMS which
has information about this train. For that purpose, it is
possible that the common switching center is being sup-
plied with information which driving area is managed by
each of the local traffic management systems and it is
possible that the common switching center sends a kind
of broadcast signal to the various local traffic manage-
ment systems, wherein the current driving signal com-
prises information about the current driving area of the
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train and/or its train running number. Then the various
local traffic management systems can evaluate if this in-
formation corresponds to their managed driving area. If
one of the various local traffic management systems eval-
uates that this information corresponds to its managed
driving area, it can signal to the common switching center
to forward the communication of the ATO-OB to it. That
is, the common switching center can act as a local ATO-
TS, which is transparent for the ATO-OB and the local
TMS.

[0019] This has the effect that there is no need for the
automatic train operation onboard unit "ATO-OB" to un-
dergo the "complicated" hand-over processes from a first
local ATO-TS; to gain access to a first local traffic man-
agement system TMS, to a second local ATO-TS, to
gain access to a second local traffic management system
TMS, when the train drives from the traffic area of the
first TMS to the driving area of the second TMS,. There
is no need that the ATO-OB needs to "know" the com-
munication addresses of each of the various ATO-TS
units and their appropriate communication protocol ver-
sions that can differ between the various ATO-TS and
can change with time.

[0020] The common ATO-TS henceforth provides a
cloud service with the functionality of a standard interface
to the ATO-OBs of the trains, wherein this interface is
already being defined by European standards, i.e. UN-
ISIG subset-126. This also covers the ability of future
specifications. Moreover, the ATO-TS cloud service can
fulfill all functional and non-functional requirements, es-
pecially but not limited to reliability, availability, maintain-
ability and security.

[0021] The ATO-TS cloud service provides a single
point of contact for the ATO-OB independent on the op-
erational area of the respective TMS. This is even pos-
sible for cross-border traffic within Europe. Hand-over
procedures for different ATO-TS instances or re-connec-
tions for ATO-OB with different point of contact (e.g.
APNSs) are not required. It is also not required to design
the ATO-OBs for multi-APN operations.

[0022] Inanembodiment, the common switching cent-
eraccesses aninternal or external database to determine
the local traffic management systems that corresponds
to the current driving area.

[0023] The database can be designed like a lookup
table. An algorithm implemented on the common switch-
ing center can determine the local traffic management
system based on the information about the current driving
position and extract the corresponding communication
address of the TMS and forward the communication ac-
cordingly.

[0024] Inanembodiment, the common switching cent-
er and/or the multiple local traffic management systems
have access to a merged driving area map, wherein the
merged driving area map comprises information of the
different driving areas.

[0025] This provides the advantage that the common
switching center can use information of the merged driv-
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ing area map as described below and/or that the local
traffic management systems can take additional informa-
tion of border regions into account when generating the
optimized parameters of the journey, namely the JPs and
SPs. In particular, the merged driving area map compris-
es currenttrafficinformation of the driving areas. It follows
that a first TMS can have the knowledge that a certain
railroad of a second TMS cannot be used as planned,
for example due to an accident, so thatan early re-routing
calculation is possible.

[0026] Typically, the local traffic management systems
only have map information of the driving area that they
manage. Hence, this lacks information about the "overall"
picture of all the driving areas together. However, if every
TMS were to be equipped with such a map, this would
consume a lot of memory resources and would be costly
to download. Therefore, it is beneficial that the database
of the merged driving area map is located within the com-
ing switching center or at further "external" database. To
enable an efficient upgrade process, each of the local
traffic management systems is allowed to "replace" an
old version of its corresponding driving area within the
merged driving area map with a newer version of this
driving area. This is especially efficient, because every
local traffic management system has access to the new-
est version of its driving area.

[0027] The merged driving map can comprise the fol-
lowing information

e so-called "connecting areas" or "transition areas",
i.e.itis known, where a driving area starts and where
another driving area ends;

¢ information about properties of the railroads of the
various driving areas, e.g. switching points, gradi-
ents, stations, conditions of the railroads;

e off-line map information of the driving areas;

*  Geographical information about the various driving
areas; (GPS, off-line maps; and information which
other driving area is neighboring at a certain border
point);

e transition areas of neighboring driving areas;

e communication addresses and, if required APN, of
the local traffic management system unit that corre-
sponds to a certain driving area.

[0028] This information allows the use of the merged
driving map for a variety of use cases.

[0029] Preferably,the merged driving areamap is used
as an off-line automatic-train-operation backup solution
for a driving area if the respective local traffic manage-
ment system is not accessible, wherein the common
switching center generates the appropriate JPs and SPs
for the automatic train operation onboard unit of the train.
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In particular, the common switching center can use the
off-line-map data of the driving area of the non-accessible
or malfunctioning TMS for those cases. It can happen
that a local traffic management system cannot provide
the ATO-OB with required information on segment pro-
files because the TMS in question is being malfunctioning
or the communication link is broken. In that case. it is
possible that a virtual driving management system is be-
ing implemented as an algorithm on the common switch-
ing center that extract properties of the driving area of
the non-accessible or a malfunctioning TMS from the
merged driving area map to generate the required opti-
mized parameters of the train’s trip and to send them to
the corresponding ATO-OBs. It is even possible to back
up the ATO-TS with a further ATO-TS, which is very ef-
ficient compared to backing up every single TMS.
[0030] In an embodiment, the backup solution uses
historical data of the driving areas of the not accessible
local traffic management systems and/or current traffic
data of neighboring driving areas to generate the JPs
and SPs.

[0031] This provides the effect that the off-line data can
be combined with historical data in order to make a better
guess on the actual current traffic situation of the driving
area. Hence, historical data can show average data traffic
for every day of the week resolved in a time interval of
hours to account for daily and hourly variations. This in-
formation can even be combined with current traffic data
of neighboring driving areas, which re-present an actual
measurement that can show that the historical data is
not that accurate for the current situation. If current data
traffic of neighboring driving area shows that the train
trafficis actually higherthan expected due to the historical
data, itis possible to scale the historical data accordingly
and to account for the higher traffic volume. The de-
scribed scenario could be the case, if in future embodi-
ments of the invention, one or more TMS are virtualized
within the common switching center. Currently, the com-
mon switching center is not allowed to "overrule" deci-
sions of the various TMS. Currently, based on historical
data, the common switching center can estimate how
traffic will develop, whether the train will be on time and
can transmit this information back to the TMS. This cor-
responds to a delay management based on prediction,
which does not wait until it is actually too late.

[0032] In an embodiment, a handover process from a
first local traffic management system, in particular TMS ;,
to a second local traffic management system, in particular
TMS,, is triggered by the common switching center if the
rail vehicle travels from the driving area of the first local
traffic management system to the driving area of the sec-
ond local traffic management system. In particular, the
handover process can be a seamless handover process,
wherein the common switching center provides the TMS
and the ATO-OB for the respective communication ad-
dresses.

[0033] A following local traffic management system, in
particular the next local traffic management system, can
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be determined by using information of a journey plan.
The journey plan is available at the common switching
center and was created at the beginning of the journey,
provided through information of the TMS in the starting
area.

[0034] This provides the effect that the ATO-OB of the
train has always an established communication with the
appropriate TMS.

[0035] In an embodiment, the triggering of the hando-
ver process is based on the following information:

*  position and/or velocity information of the rail vehicle
provided by the automatic train operation onboard
unit,

e automatic train operation unit status report informa-
tion provided by the automatic train operation on-
board unit, and/or

e the merged driving area map.

[0036] This provides the advantage that the hand-over
process to the appropriate TMS can be initiated efficiently
when the train enters another driving area.

[0037] Inanembodiment, the second local traffic man-
agement system is notified in advance about the expect-
ed entrance of a rail vehicle in its driving area. The ex-
pected arrival time in the driving area of the second local
traffic management system can be calculated by the in-
formation that trigger the hand over process. By notifying
the second local traffic management system that the train
will enter its region at the expected time, it is possible
that the second TMS already takes the new incoming
train into accountwhen performing route optimization cal-
culations. In an embodiment, the second TMS is being
notified 10 minutes, in particular 5 minutes before the
expected entrance time of the train in its driving area.
[0038] Inanembodiment, the communication between
the automatic train operation onboard unit and the com-
mon switching center is performed event-based and/or
on in regular time intervals as defined by Subset-126.
[0039] The regular time intervals can be set in order to
ensure that the communication network, common switch-
ing unit and/or the respective TMS units do not suffer
from overload when possibly hundreds of thousands of
trains communicate with these units, respectively. On the
other hand, the frequency of the regular time intervals
needs to be high enough to ensure the automatic driving
operation of the trains.

[0040] A further reduction of the data traffic and the
calculation load is possible if the communication is per-
formed based on well-defined events. The basic idea of
this feature is that "if nothing changes" the train can con-
tinue with its current driving comments and there is only
a need further communication if something "new" hap-
pens. Possible events are if the train approaches another
driving area, if railroad traffic has increased and the re-
spective TMS has calculated that the train needs to adapt
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its speed, if the automatic train onboard unit has calcu-
lated a (updated) deviation for the estimated arrival time,
and/or if an accident or some kind of malfunctioning has
occurred.

[0041] Inanembodiment,acommon security standard
is being applied to the communication between the au-
tomatic train operation unit and the common switching
center.

[0042] This provides the effect that the security of the
overall system can be increased. In the discussed state-
of-the-art system with the various ATO-TS and APN units
itis very hard to establish a current security standard and
to upgrade security measures accordingly and at the
same time.

[0043] Inanembodiment, the common switching cent-
er provides a protocol translator functionality. The proto-
col translator functionality can convert protocols of data
packets from the various automatic train operation on-
board units to the appropriate protocols of the respective
local traffic management system and vice versa.

[0044] The protocol translator functionality can be im-
plemented as hardware on the common switching center
or as software in the form of a virtual protocol translator.
Especially, the virtual protocol translator has the advan-
tage that it can easily be adapted if interfaces, hardware,
data types, operating systems and/or software versions
change. As all the data packets pass the common switch-
ing center, this is very beneficial location for a protocol
converter functionality. This feature is especially advan-
tageous for system migration issues as itis often the case
that new hardware or complex interfaces cannot be im-
plemented at once. So it is possible to replace a TMS
with a newer version and take this exchange into account
within the protocol converter. Hence, this provides the
advantage of a very flexible system.

[0045] Preferably, the first local traffic management
system, in particular the TMS,, and the second local traf-
fic management system, in particular, the TMS,, are sub-
stituted by a common local traffic management system,
in particular TMS, ,, that takes over the tasks of the first
and the second local traffic management system. Finally,
this could result into in the aforementioned merged driv-
ing areamap thatis only managed by a single TMS and/or
the common switching center.

[0046] This provides the advantage that all the neces-
sary information is within one traffic management system
which increases the efficiency of calculating route opti-
mizations for all trains.

[0047] According to a second aspect of the invention,
a common switching center is disclosed, wherein the
common switching center is configured to provide a com-
munication link between an automatic train operation on-
board unit of a rail vehicle with a local traffic management
system, comprising:

an communication interface, in particular according
to Subset-126,
wherein the communication interface is designed to
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exchange datawith local traffic management system
through a single access point,

a switching algorithm implemented on a server of
the common switching center, wherein the switching
algorithm is configured:

e to analyze information received from the auto-
matic train operation onboard unit about the cur-
rentdriving area of its train, wherein the common
switching centerreceives this information via the
APN,

e todetermine alocal traffic management system
that manages the respective driving area and to
extract the communication address of the re-
spective local traffic management system;

e to provide the communication interface with the
communication address of the respective local
traffic management;

wherein the communication interface is designed to for-
ward and/or convert the data of the automatic train op-
eration onboard unit to the respective local traffic man-
agement.

[0048] The common switching center basically pro-
vides the advantages described above in the context of
the method of the invention.

[0049] According to a third aspect of the invention, a
communication system for automated driving of rail ve-
hicles is disclosed, wherein the system comprises:

e an automatic train operation onboard unit of a train;

e an access point that is configured to establish com-
munication from automatic train operation onboard
units to a common switching center;

e acommon switching center as described above;
¢ local traffic management systems;

e a communication network that links the automatic
train operation onboard unit to the APN, the APN to
the common switching center, and the common
switching center to the local traffic management sys-
tems;

wherein the communication system is being configured
to execute the steps of the method as described above.
[0050] The communication system for automated driv-
ing of rail vehicles, in particular trains, basically provides
the advantages described above in the context of the
method of the invention.

[0051] In the following, preferred implementation ex-
amples of the present invention are explained with ref-
erence to the accompanying figures:
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Fig. 1:  shows an exemplary state-of-the-art commu-
nication system for automated driving of trains;

Fig. 2:  shows the communication system for automat-
ed driving of rail vehicles, in particular trains,
according to the invention;

Fig. 3:  shows a method according to the invention.

[0052] In the following, numerous features of the

present invention are explained in detail by means of
preferred embodiments. The present disclosure is not
limited to the specifically named combinations of fea-
tures. Rather, the features mentioned here can be com-
bined arbitrarily into inventive embodiments, unless this
is expressly excluded below.

[0053] Fig. 2 shows a communication system 150 for
automated driving of rail vehicles in which each automatic
train operation onboard unit 105 (i.e. ATO-OB 105a and
105b) that can be operated by arbitrary railway under-
takings (e.g. OBB, DB) has only a single point of contact
122, which comprises an address of an APN 121 and an
address of a common switching center 116 (a ATO-TS
116 cloud service).

[0054] When a train 100, which is equipped with the
ATO-OB 105a, runs from a first driving area 105a that is
managed by a first local traffic management system
135a, e.g. TMS, 135a, area to a second driving area
105b that is managed by a second local traffic manage-
ment system 135b, e.g. TMS, 135b, the ATO-OB 105a
can still use the connection to the same ATO-TS 116
cloud service through the same APN 121. A communi-
cation link 130 between the APN 121 and the ATO-OB
105a is typically designed to be a radio connection (4G,
5G, 6G, ...). Communication links that are logically after
the APN 121 indirection of the ATO-TS 116 can be made
of a radio connection, of a fixed line connection or can
be designed as a mixture of both communication tech-
niques.

[0055] Incaseofachange of the firstdriving area 110a
that is managed by the first TMS, 135a to the second
driving area 110b that is managed by the second TMS,
135b, the ATO-TS 116 will automatically connect to the
TMS, 135b, which can be completely transparent for the
ATO-OB 105a.

[0056] The ATO-TS 116 can use the following infor-
mation to trigger a handover process between the differ-
ent TMS 135a-d systems:

¢ the ATO-OB status report information (Subset-126,
packet 8) that provides information about the current
position of the vehicle/train, its velocity, and its esti-
mated arrival time for the upcoming timing points or
skipping points;

* configuration about neighborhood relations of neigh-
boring TMS systems;
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¢ information from different TMS 135a-d systems to
manage the transparent handover between different
driving areas 110a-d. That is, the train 100a operat-
ing on a specific route (or journey profile) has its
unique train running number that does not change
when entering a new driving area. Once the train
approaches the boundary of its currently assigned
driving area, the ATO-TS 116 cloud service caniden-
tify that event by evaluating the positioning informa-
tion of the ATO-OB 105a status reports as well as
through a prediction of the arrival times for certain
timing/skipping points provided by the ATO-OB
110a.

[0057] Hence, the ATO-TS 116 cloud service caniden-
tify the "neighboring" TMS system and can connect to
that one. Information about neighboring TMS system can
be stored as a database on the ATO-TS 116.

[0058] The ATO-TS 116 cloud service can connect to
multiple TMS 135a-d systems in parallel, i.e. keeping the
service for the train 100a operating in the first TMS 135a
area running while preparing the arrival into the next TMS
135bareaalreadyin advance. Thatis, based onthe same
train running number, the ATO-TS 116 cloud service can
already request the following journey profile information
from the TMS 135 system for the next driving area 110
in order to provide the "new" journey profile to the ATO-
OB 110a at an early stage. Once the train 100a with the
ATO-OB 105a approaches the boundary of the driving
area 110a managed by the first TMS 135a, the ATO-TS
116 can arrange the handover between different TMS
135a-d systems based on a dedicated business logic,
e.g. available train running number, available timetable
information from all TMS systems, and others. The ATO-
OB 105a remains connected to the same ATO-TS 116
through the same APN 121 all the time.

[0059] Once the vehicle/train 100a has entered the
driving area 110b operated by a "new" TMS 135b the
connection to the previous TMS 135a and the ATO-OB
105a can be closed.

[0060] Scalability for parallel connection of hundreds
and thousands of trains is possible for the communication
system 150 according to the invention simply by increas-
ing computational power and/orthe APNs 115 capacities.
[0061] The ATO-TS 116 requires at most one interface
connection to the different TMS 135a-d systems. In case
the rollout of ATO-OB 105 systems proceeds, scalability
of the ATO-TS 116 can simply be achieved by adding
additional computation power. No additional or separate
ATO-TS 116 on dedicated hardware will be required, but
it is possible to implement an additional ATO-TS 116 for
reasons of redundancy. Moreover, the TMS 116 do not
require frequent upgrades of their base system, e.g.
hardware, as the need to serve only a single interface to
the ATO-TS 116. In addition, compatibility issues be-
tween the TMS 135a-d, the ATO-OB 105 and/orthe ATO-
TS 116 can be solved by implementing a protocol trans-
lator 140 (that can also be called a protocol converter
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140) within the ATO-TS 116. The protocol converter 140
can be implemented as a software and/or hardware so-
lution.

[0062] Moreover, there are synergies with respect to
the amount of data requested by the ATO-TS 116 from
different TMS 135 systems. That is, not each segment
profile needs to be repeatedly requested from different
TMS 135 systems but the ATO-TS 116 can use a track
database of specific segment profiles, wherein updates
are only requested by the ATO-TS 116 from the TMS
135 if a version information has changed.

[0063] The ATO-TS 116 canrealize a set of proprietary
interfaces to the various TMS 135 systems. These pro-
prietary interfaces can either be hosted within the same
cloud environment as the ATO-TS 116 or in a different
network environment. The ATO-TS 116 can access
these local TMS 135 systems, owned and operated by
different legal entities through secured interfaces ensur-
ing data security, data integrity and freedom of interfer-
ence between the neighboring TMS 135. The ATO-TS
116 can either realize standard interfaces (to be defined
within Technical Specification for Interoperability) or pro-
prietary interfaces, it is possible to perform appropriate
"translations" by the protocol converter 140. It is to be
expected that the proprietary interface option willbe more
common in the upcoming years. In terms of security, the
ATO-TS 116 cloud service shall realize measures ac-
cording to IEC 62443 and/or TS50701. According to the
capabilities of TMS 135 systems, which might have
reached their end of life, full scope security measure
might not be possible. The ATO-TS 116 service can
adapt, in particular by using the protocol converter 140,
to available security measures for that specific TMS 135
system.

[0064] The following additional services that can be
added for significant additional value:

Information of reporting trains 100, i.e. trains 100 that
report their status information (speed, location, etc.), can
already be provided to any TMS 135 that might be con-
cerned even if the reporting ATO-OB 105a is not yet with
the corresponding driving area 110b. E. g., on delayed
departure, the ATO-OB 105a can already report delays
and ATO-TS 116 can forward these statuses to all in-
volved TMS systems up to the destination which provides
additional information for planning and operation. The
involved TMS systems can be assess a merged driving
map 170 of all driving areas and/or a traveling plan of the
train.

[0065] Fig. 2 also shows an exemplary embodiment of
the merged driving map 170 that can be implemented
within the ATO-TS 116 and/or can be in data connection
with the ATO-TS 116. The merged driving map 170 can
provide at least information which areas are mutually ad-
jacentand/or the corresponding TMS 135 of each driving
area 110.

[0066] In case an interface to the local TMS 135a sys-
temis not available, e.g. the TMS supplier cannot update
the system/software, then the ATO-TS 116 can operate
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based on offline segment profile data (track database)
and timetable information to generate JPs and SPs. De-
viations from default routes and/or default timetables can
still be exchanged with other TMS 135. Moreover, as the
cloud service has also connection to neighbouring TMS
areas it is possible to provide JPs and SPs taking that
information, e.g. through Al, into account.

[0067] The ATO-TS 116 provides simple migration
when several TMS 135 areas are combined, TMS inter-
faces are updated and if the TMS is established as cloud
service.

[0068] It is also possible to apply adhesion manage-
ment. The ATO-TS 116 can receive current status of ad-
hesions conditions, i.e. slip and/or slide information dur-
ing traction and/or braking, from all reporting trains op-
erating equipped with the ATO-OB 105. The information
directly affects the train’s capabilities of acceleration and
deceleration and, hence, the required travel time. Based
on the ATO-TS 116, this information cannot only be pro-
vided to the local TMS but to all trains that are planned
to travel through that TMS area but are currently still mov-
ing within a different TMS area. Same holds for reporting
to different TMS areas for updated prediction of traveling
times and delays.

[0069] The ATO-TS 116 can directly provide informa-
tion of reporting trains to mobility data platforms, e.g. ac-
cording to German and other national and/or European
regulations.

[0070] Fig. 3 shows a method 200 to provide a com-
munication link between the automatic train operation
unit 105 of the train 100a with the appropriate local traffic
management system 135 comprising the following steps:

step: 205: providing the common access point 121
and the common switching center 116,

* step 210: providing local traffic management sys-
tems 135 that are configured to communicate with
the common switching center 116 and/or can are
configured to directly communicate with each other;

* step 215: providing an automatic train operation on-
board unit 105 within a rail vehicle that is configured
to communicate with the common access point;

e step 220: the automatic train operation onboard unit
105 transmits information at least about its current
driving area when communicating with the common
access point, wherein the common switching center
forwards the communication of the automatic train
operation onboard unit to the local traffic manage-
ment system that corresponds to the current driving
area.

[0071] As a summery, the invention provides at least:
i) compatibility with the European standardization, ii) the
different national and organizational rules for security can
be provided through proper data center or cloud setup,
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iv) the cloud service does not require real time services
and does not afford an environment that is optimised re-
garding latency, iv) the cloud service is not constrained
by any regulation w.r.t. functional safety.

Claims

1. A method to provide a communication link between
an automatic train operation unit (105), in particular
a so-called "ATO-OB" (105), of a rail vehicle (100)
with a local traffic management system (135) com-
prising the following steps:

* providing a common access point (121), in par-
ticular a so-called "APN" (121), and a common
switching center (116), in particular a so-called
automatic-train-operation-trackside-unit "ATO-
TS" (116),

« providing local traffic management systems
(135a-d), in particular so-called "TMS" (135a-d),
that are configured to communicate with the
common switching center (116);

« providing an automatic train operation onboard
unit (105) within a rail vehicle (100) that is con-
figured to communicate with the common ac-
cess point (121);

wherein the automatic train operation onboard (105)
unit transmits information at least about its current
driving area (110) when communicating with the
common access point (121), wherein the common
switching center (116) forwards the communication
of the automatic train operation onboard unit (105)
to the local traffic management system (135) that
corresponds to the current driving area (110).

2. The method of any of the claims, wherein the com-
mon switching center (116) accesses an internal or
external database to determine the local traffic man-
agement system (135a-d) that corresponds to the
current driving area (110a-d).

3. The method of any of the claims, wherein the com-
mon switching center (116) and/or the multiple local
traffic management systems (135a-d) have access
to a merged driving area map (170), wherein the
merged driving area map (170) comprises informa-
tion of the different driving areas (110a-d).

4. The method of claim 3, wherein the information of
the merged driving area map (170) comprises

« information about properties of the railroads of
the various driving areas;

+ geographical information about the various
driving areas;

« transition areas of neighboring driving areas;
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and/or

« communication addresses of the local traffic
management system unit that corresponds to a
certain driving area.

The method of any of the claims 3 to 4, wherein the
merged driving (170) area is used as an off-line au-
tomatic-train-operation backup solution for a driving
area (110a-d) if the respective local traffic manage-
ment system is not accessible (135a-d), wherein the
common switching center (116) generates the ap-
propriate journey profiles for the automatic train op-
eration onboard unit (105) of the train.

The method of claim 5, wherein the backup solution
uses historical data of the driving areas (110a-d) of
the not accessible local traffic management systems
(135a-d) and/or current traffic data of neighboring
driving areas to generate the journey profiles.

The method of any of the claims, wherein a handover
process from a first local traffic management system
(135a), in particular TMS, (135a), to a second local
traffic management system (135b), in particular
TMS, (135b), is triggered by the common switching
center (116) if the rail vehicle (100) travels from the
driving area (110a) of the first local traffic manage-
ment system (135a) to the driving area (110b) of the
second local traffic management system (135b).

The method of the claims 3 and/or 7, wherein the
triggering of the handover process is based on the
following information:

* GPS location information of the rail vehicle pro-
vided by the automatic train onboard operation
unit (105),

+ automatic train operation onboard unit (105)
status report information provided by the auto-
matic train operation onboard unit (105), and/or
« the merged driving area map (170).

The method of the claims 7 to 8, wherein a second
local traffic management system (135b) is notified in
advance about the expected entrance of a rail vehi-
cle (100) in its driving area (110b).

The method of any of the claims, wherein the com-
munication between the automatic train operation
onboard unit (105) and the common switching center
(116) is performed event-based and/or on in regular
time intervals.

The method of any of the claims, wherein a common
security standard is being applied to the communi-
cation between the automatic train operation unit
(105) and the common switching center (116).
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The method of any of the claims, the common switch-
ing center (116) provides a protocol translator func-
tionality.

The method of any of the claims, wherein the first
local traffic management system (135a), in particular
the TMS, (135a), and the second local traffic man-
agement system (135b), in particular, the TMS,
(135b), are substituted by a common local traffic
managementsystem, in particular TMS, 2 thattakes
over the tasks of the first and the second local traffic
management system.

A common switching center to provide a communi-
cation link between an automatic train operation on-
board unit of a rail vehicle with a local traffic man-
agement system, comprising:

an communication interface, wherein the com-
munication interface is designed to exchange
data with local traffic management system (135)
and with a common access point (121),

a switching algorithm implemented on a server
(140) of the common switching center (116),
wherein the switching algorithm is configured:

« to analyze information received from the
automatic train operation unit (105) about
the current driving area of its train (110),
wherein the common switching center (116)
receives this information via the APN (121),
* to determine a local traffic management
system (135a-d) that manages the respec-
tive driving area (110a-d) and to extract the
communication address of the respective
local traffic management system (135a-d);
» to provide the communication interface
with the communication address of the re-
spective local traffic management (135a-d);

wherein the communication interface is designed to
forward the data of the automatic train operation on-
board unit (105) to the respective local traffic man-
agement (135a-d).

A communication system for automated driving of
rail vehicles comprising:

+ an automatic train operation onboard unit (105)
of a train (100);

*an access point(121) thatis configured to com-
municate with automatic train operation onboard
units (105a-d) and with a common switching
center (116);

« a common switching center (116) according to
claim 14;

* local traffic management systems; (135a-d)

» a communication network that links the auto-
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matic train operation onboard unit (105) to the
APN (121), the APN (121) to the common
switching center (116), and the common switch-
ing center (116) to the local traffic management
systems (135a-d);

wherein the communication system is being config-
ured to execute the steps of the method according
to the claims 1 to 13.

Amended claims in accordance with Rule 137(2)
EPC.

A method to provide a communication link between
an automatic train operation unit (105), in particular
a so-called "ATO-OB" (105), of a rail vehicle (100)
with a local traffic management system (135) com-
prising the following steps:

« providing a common access point (121), in par-
ticular a so-called "APN" (121), and a common
switching center (116), in particular a so-called
automatic-train-operation-trackside-unit "ATO-
TS" (116),

« providing local traffic management systems
(135a-d), in particular so-called "TMS" (135a-d),
that are configured to communicate with the
common switching center (116);

« providing an automatic train operation onboard
unit (105) within a rail vehicle (100) that is con-
figured to communicate with the common ac-
cess point (121);

wherein the automatic train operation onboard (105)
unit transmits information at least about its current
driving area (110) when communicating with the
common access point (121), wherein the common
switching center (116) forwards the communication
of the automatic train operation onboard unit (105)
to the local traffic management system (135) that
corresponds to the current driving area (110).

The method of any of the claims, wherein the com-
mon switching center (116) accesses an internal or
external database to determine the local traffic man-
agement system (135a-d) that corresponds to the
current driving area (110a-d).

The method of any of the claims, wherein the com-
mon switching center (116) and/or the multiple local
traffic management systems (135a-d) have access
to a merged driving area map (170), wherein the
merged driving area map (170) comprises informa-
tion of the different driving areas (110a-d).

The method of claim 3, wherein the information of
the merged driving area map (170) comprises
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« information about properties of the railroads of
the various driving areas;

+ geographical information about the various
driving areas;

« transition areas of neighboring driving areas;
and/or

« communication addresses of the local traffic
management system unit that corresponds to a
certain driving area.

The method of any of the claims 3 to 4, wherein the
merged driving (170) area is used as an off-line au-
tomatic-train-operation backup solution for a driving
area (110a-d) if the respective local traffic manage-
ment system is not accessible (135a-d), wherein the
common switching center (116) generates the ap-
propriate journey profiles for the automatic train op-
eration onboard unit (105) of the train.

The method of claim 5, wherein the backup solution
uses historical data of the driving areas (110a-d) of
the not accessible local traffic management systems
(135a-d) and/or current traffic data of neighboring
driving areas to generate the journey profiles.

The method of any of the claims, wherein a handover
process from a first local traffic management system
(135a), in particular TMS, (135a), to a second local
traffic management system (135b), in particular
TMS, (135b), is triggered by the common switching
center (116) if the rail vehicle (100) travels from the
driving area (110a) of the first local traffic manage-
ment system (135a) to the driving area (110b) of the
second local traffic management system (135b).

The method of the claims 3 and/or 7, wherein the
triggering of the handover process is based on the
following information:

» GPS location information of the rail vehicle pro-
vided by the automatic train onboard operation
unit (105),

+ automatic train operation onboard unit (105)
status report information provided by the auto-
matic train operation onboard unit (105), and/or
« the merged driving area map (170).

The method of the claims 7 to 8, wherein a second
local traffic management system (135b) is notified in
advance about the expected entrance of a rail vehi-
cle (100) in its driving area (110b).

The method of any of the claims, wherein the com-
munication between the automatic train operation
onboard unit (105) and the common switching center
(116) is performed event-based and/or on in regular
time intervals.
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The method of any of the claims, wherein a common
security standard is being applied to the communi-
cation between the automatic train operation unit
(105) and the common switching center (116).

The method of any of the claims, the common switch-
ing center (116) provides a protocol translator func-
tionality.

The method of any of the claims, wherein a firstlocal
traffic management system (135a), in particular a
TMS, (135a), and a second local traffic management
system (135b), in particular,a TMS,, (135b), are sub-
stituted by a common local traffic management sys-
tem, in particular TMS1Y2, that takes over the tasks
of the first and the second local traffic management
system.

A common switching center to provide a communi-
cation link between an automatic train operation on-
board unit of a rail vehicle with a local traffic man-
agement system, comprising:

an communication interface, wherein the com-
munication interface is designed to exchange
data with local traffic management system (135)
and with a common access point "APN" (121),
a switching algorithm implemented on a server
(140) of the common switching center (116),
wherein the switching algorithm is configured:

« to analyze information received from the
automatic train operation unit (105) about
the current driving area of its train (110),
wherein the common switching center (116)
receives this information via the APN (121),
* to determine a local traffic management
system (135a-d) that manages the respec-
tive driving area (110a-d) and to extract the
communication address of the respective
local traffic management system (135a-d);
* to provide the communication address of
the respective local traffic management
(135a-d) to the communication interface,
wherein the communication interface is de-
signed to forward the data of the automatic
train operation onboard unit (105) to the re-
spective local traffic management (135a-d).

A communication system for automated driving of
rail vehicles comprising:

+ an automatic train operation onboard unit (105)
of a train (100);

*an access point (121)that is configured to com-
municate with automatic train operation onboard
units (105a-d) and with a common switching
center (116);
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« a common switching center (116) according to
claim 14;

* local traffic management systems; (135a-d)

» a communication network that links the auto-
matic train operation onboard unit (105) to the
APN (121), the APN (121) to the common
switching center (116), and the common switch-
ing center (116) to the local traffic management
systems (135a-d);

wherein the communication system is being config-
ured to execute the steps of the method according
to the claims 1 to 13.
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