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(54) SYSTEM AND METHOD FOR TRAFFIC MANAGEMENT OF RAILWAY NETWORKS

(57)  Atraffic management system (100) for a railway
network (200), comprising a communication interface (1)
in operative communication with field devices (201) of
the railway network (200), a storage device (5), a human
machine interface (10) for interfacing with one or more
operators, and a system (20) for monitoring and control-
ling the railway network (200).

The monitoring and controlling system (20) is con-
figured to generate one or more batches of command
instructions suitable to be issued for execution the field
devices (201).

The system further comprises an elaboration device
(30) configured, upon generation by the monitoring and
controlling system of a batch of command instructions,
to carry out a safety procedure for evaluating a response
of the railway network in relation to the generated batch
of command instructions, and to output to the human
machine interface (10), for the one or more operators,
information indicative of the results of the safety proce-
dure carried out.

There is also provided a related method for traffic
management of a railway network.
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Description

[0001] The present invention concerns a system and
a method for traffic management of railway networks.
[0002] As known, railways networks are very complex
systems formed by many components and devices such
as, for example, interconnected track lines, points, rail-
way level crossings, stations, train convoys, signaling
systems, decentralized and centralized control centers,
et cetera.

[0003] Clearly, allthese components and devices must
be properly coordinated, continuously monitored, and
timely operated, in order to ensure the correct and effi-
cient functioning of the whole railway network, while sat-
isfying the highest standards of safety, which is a very
critical aspect in the railroad industry.

[0004] To this end, in particular thanks to the develop-
ment of computer and IC technologies, various solutions
have been recently devised for advanced and safer man-
agement of traffic in railway networks.

[0005] These solutions are essentially based on the
generation of virtual data and/or availability of real data,
such as the railway architecture, the operating state of
traffic signals, the positions of trains or of points, and the
like.

[0006] Data, either collected from the field and/or built
virtually, are elaborated in control centers where man-
agement of railway traffic is conducted on the basis there-
of.

[0007] For example, a typical configuration of a traffic
management system for railways foresees the use of one
or more traffic servers monitoring the state of equipment
and the positions of trains.

[0008] When an abnormality is detected, based for in-
stance on the status signal received from a signaling de-
vice, a warning information is output towards a terminal
display where an operator is required to launch an ap-
propriate action which is elaborated and put in place for
execution by one of the servers.

[0009] An example of a solution aimed at improving
traffic management systems for railway applications is
disclosed in US 2015/0213080 A1 in which various initial
data about tracks layout are collected and saved in a
database where the track layout is modeled. Then, sub-
sequent virtual data are elaborated and saved in a veri-
fication database and a processing device compares the
subsequent data with the initial data in order to improve
track data to be sent to central control units and/or to
onboard controllers of trains.

[0010] Another solution related to traffic management
systems for railway networks is described in EP 2 735
492 A2, which deals specifically with traffic timetables
where a current operating timetable is replaced by a new
timetable generated on the basis of operative information
received from the field, e.g. train delays, traffic disruption
or the like.

[0011] Although prior art solutions, like the ones pre-
viously mentioned, have afforded and tried over the years
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to improve various aspects of traffic management in rail-
way systems, there is still room and desire for further
improvements.

[0012] Therefore, itis a main aim of the present inven-
tion to fulfill at least partially such room and desire, and
hence to provide a system and method for traffic man-
agement of a railway network, having improved perform-
ances in particular as regard to safety related aspects
and operations, and especially when dealing with gen-
eration, management and execution of pluralities of op-
erations to be executed.

[0013] Within the scope of this aim, an object of the
present invention is to provide a system and method for
traffic management of a railway network having, with re-
spect to prior art solutions, an increased level of integra-
tion and coordination among various components and
operators involved in the traffic management of railway
networks.

[0014] An additional object of the present invention is
to provide a system and method for traffic management
of a railway network which can be applied and scalable
to different and varying architectures and sizes of railway
networks.

[0015] Yet a further object of the present invention is
to provide a system and method for traffic management
of a railway network which is highly reliable, easy to re-
alize and at competitive costs.

[0016] This aim, these objects and others which will
become apparent hereinafter are achieved by a traffic
management system for a railway network, character-
ized in that it comprises:

- at least one communication interface in operative
communication with field devices of said railway net-
work;

- atleast one human machine interface for interfacing
with one or more operators;

- asystem for monitoring and controlling said railway
network, said monitoring and controlling system be-
ing configured to generate one or more batches of
command instructions suitable to be issued for exe-
cution to one or more of said field devices by said
one or more operators; and

- at least one elaboration device configured, upon
generation by said monitoring and controlling system
of at least one batch of command instructions, to
carry out a safety procedure for evaluating a re-
sponse of the railway network in relation to said at
least one generated batch of command instructions,
and to output to said at least one human machine
interface, for said one or more operators, information
indicative of the results of the safety procedure car-
ried out.

[0017] This aim, these objects and others which will
become apparent hereinafter, are achieved also by a
method for traffic management of a railway network,
characterized in that it comprises the steps of:
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- generating at least one batch of command instruc-
tions suitable to be issued for execution by one or
more operators to one or more of field devices of the
railway network;

- carrying out a safety procedure for evaluating a re-
sponse of the railway network in relation to said at
least one generated batch of command instructions,
wherein information indicative of the results of the
safety procedure carried out are output to said at
least one human machine interface, for said one or
more operators.

[0018] Further characteristics and advantages will be-
come apparent from the description of some preferred
but not exclusive exemplary embodiments of a system
and method according to the present disclosure, illustrat-
ed only by way of non-limitative examples with the ac-
companying drawings, wherein:

Figure 1 shows schematically a traffic management
system for a railway network, according to a possible
embodiment;

Figure 2 is a flow diagram illustrating a method for
traffic management of a railway network, according
to a possible embodiment.

Figure 3 is a sketch showing an example of informa-
tion displayed to operators during execution of a
safety procedure carried by the system and method
according to the invention;

Figure 4 shows schematically another embodiment
of a traffic management system for a railway network
according to the present invention;

Figure 5is a block diagram schematically illustrating
the generation of a multi-phase intervention plan for
a railway network.

[0019] Itshould be noted thatin the detailed description
that follows, identical or similar components, either from
a structural and/or functional point of view, have the same
reference numerals, regardless of whether they are
shown in different embodiments of the present disclo-
sure; it should also be noted that in order to clearly and
concisely describe the present disclosure, the drawings
may not necessarily be to scale and certain features of
the disclosure may be shown in somewhat schematic
form.

[0020] Further, when the term "adapted" or "arranged"
or"configured" or "shaped", is used herein while referring
to any component as a whole, or to any part of a com-
ponent, or to a combination of components, it has to be
understood that it means and encompasses correspond-
ingly either the structure, and/or configuration and/or
form and/or positioning of the related component or part
thereof, or combinations.

[0021] In particular, for electronic and/or software
means, each of the above listed terms means and en-
compasses electronic circuits or parts thereof, as well as
stored or running software codes and/or routines, algo-
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rithms or complete programs, suitably designed for
achieving the technical results and/or the functional per-
formances for which such means are devised.

[0022] With reference tofigure 1, a traffic management
system for a railway network 200, indicated by the overall
reference number 100 (hereinafter "the system 100"),
comprises at least one communication interface 1 which
is in operative communication with field devices 201 of
the railway network 200 to be managed.

[0023] For example, the communication interface 1
can comprise a gateway server.

[0024] Inthe presentdisclosure, the definition of a rail-
way network 200 encompasses cumulatively either the
structural components forming a complete infrastructure
of a railway network or any sub-part thereof, such as for
example, one or more track lines, railway stations, cross
levels, points, and the like, as well as the functional de-
vices, hereby indicated as field devices 201, which are
associated to such infrastructure and are suitable for al-
lowing monitoring and correct operations of the railway
network 200 and any parts thereof, for instance trackside
devices such as signaling devices, switch machines, sta-
tion control centers, or trains and/or on board train con-
trollers, et cetera....

[0025] Clearly, in manners well-known or readily avail-
able to those skilled in the art, the configuration of the
railway network 200 or parts thereof, including the field
devices 201, can vary according to the applications.
[0026] As illustrated in figure 1, the system 100 com-
prises a storage device, 5, e.g. a storage database or
server, and at least one human machine interface 10 for
interfacing with one or more operators who are devoted
to supervise the correct functioning of the whole railway
network 200 or any part thereof under their responsibility,
for example safe operators and assistants.

[0027] For instance, the human machine interface 10
can comprise one or more workstations or consoles in-
stalled in a centralized control room.

[0028] The system 100 comprises a system 20 for
monitoring and controlling the railway network 200,
wherein the monitoring and controlling system 20 is con-
figured to generate one or more batches, i.e. one or more
groups, of command instructions suitable to be issued
for execution to one or more of the field devices 201 by
the one or more operators of the system 100.

[0029] For example, the monitoring and controlling
system 20 can comprise a programmable software and
related circuitry tool for monitoring the state of the railway
network 200 in terms of infrastructure and traffic, for as-
suming if necessary automatic control and supervision
based on real-time events and, by collecting relevant op-
erational data in real time, for assessing occurring situ-
ations and generating corresponding command instruc-
tions for operators, for instance for resolving incoming
operative conflicts.

[0030] The system 100 comprises at least one elabo-
ration device 30 which is for example in operative com-
munication with the at least one communication interface
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1 and with the at least one human machine interface 10.
[0031] In particular, the elaboration device 30 is con-
figured, upon generation by the monitoring and control-
ling system 20 of at least one batch of command instruc-
tions, to carry out a safety procedure for evaluating a
response of the railway network 200 in relation to the
generated at least one batch of command instructions,
and to output to the atleast one human machine interface
10, for the attention and in case action of one or more
operators, information indicative of the results of the safe-
ty procedure carried out, as for example illustrated in fig-
ure 3.

[0032] In one embodiment, the elaboration device 30
is configured to carry out, as a part of the safety proce-
dure, a pre-execution validation procedure for verifying
if the command instructions included in the generated at
least one batch fulfill desired operative conditions of the
railway network 200, and to output to the at least one
human machine interface 10, for the one or more oper-
ators, information indicative of the results of the pre-ex-
ecution validation procedure carried out.

[0033] In this way, by carrying out a validation proce-
dure before a generated batch of command instructions
is issued for execution to one or more of the field devices
201, the traffic system operators have the possibility to
verify in advance if the batches of command instructions
to be executed are compliant with the actual status of the
railway network or, if applied, could violate any constraint
thereof.

[0034] Accordingly, the level of safety in managing in-
terventions on the railway network 200, thanks to this
preventive check, is substantially increased.

[0035] Once verified that the command instructions of
a generated batch subjected to the validation procedure
fulfill the desired operative conditions of the railway net-
work 200, an operator can output to the communication
interface 10, via the elaboration device 30, the pre-vali-
dated batch of command instructions for immediate ex-
ecution.

[0036] Inturn,the communicationinterface 1 dispatch-
es the batch to one or more of the field devices 201 for
the material execution.

[0037] According to an embodiment, the elaboration
device 30is also configured to allow an operator to send,
via the elaboration device 30, the pre-validated batch to
the storage device 5 where itis saved for later execution.
[0038] Inthisway, itis possible to improve the efficient
management of the railway network 200, according to a
more flexible and desired schedule since the batches of
command instructions are prepared and planned in ad-
vance and, once validated and stored, they can be re-
trieved and are ready for immediate application at re-
quest.

[0039] According to an embodiment, the elaboration
device 30 is configured to carry out, as a part of the safety
procedure, a post-execution confirmation procedure for
verifying if an expected operative status of the railway
network 200 based on the foreseen execution of a gen-
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erated batch of command instructions corresponds with
the actual status of the railway network 200 based upon
signals received from one or more field devices 201, via
the communicationinterface 1, after execution of the gen-
erated batch of commands instructions, and then to out-
put to the human machine interface 10, for the attention
and in case action of one or more operators, information
indicative of the results of the post-execution confirma-
tion procedure carried-out.

[0040] For example, the expected status is based on
network configuration data stored in a database, e.g. in
the storage device 5, where a list of expected statutes
are saved and can be retrieved, case by case, using the
command instructions under execution as an input for,
while information of the results of the confirmation pro-
cedure can be presented to the operators by means of
text messages and/or graphic symbols, or any combina-
tion thereof.

[0041] Hence, operators of the system 100 have the
possibility to check if the batch of command instructions
has been correctly and completely executed according
to the desired configuration of the railway network 200
to be achieved, eventually closing the task in the affirm-
ative case.

[0042] In the contrary case, the execution of batch
command instructions is aborted and operators have fur-
ther the possibility to execute another instance of the
same batch of command instructions.

[0043] In this way, the level of safety in managing in-
terventions on the railway network is further increased.
[0044] According to an embodiment, the post-execu-
tion confirmation procedure is preferably carried out on
a batch of command instructions which has been sub-
jected to the pre-execution validation procedure.

[0045] However, depending on the applications and
operative circumstances, it would be possible, if neces-
sary, to carry out the post-execution confirmation proce-
dure on a batch of command instructions which was not
subjected to the pre-execution validation procedure.
[0046] According to an embodiment, the monitoring
and controlling system 20 is configured to generate, not
only a single batch of command instructions, but also
complete intervention plans scheduled for the railway
network 200, wherein each of the intervention plans com-
prises one or more phases which are arranged according
to a desired sequence of execution and each phase in-
cludes, namely is formed by, a corresponding batch of
command instructions suitable to be sentto and executed
by one or more of the field devices 201.

[0047] For example, an intervention plan can be relat-
ed to a global maintenance operation planned for the
railway network 200 and is composed by different phas-
es, with a phase formed by a batch of commands.
[0048] Inpractice, as showninfigure 5, each command
instruction 101-106, corresponds to a planned action to
be executed, and various command instructions are
grouped in a batch of concatenated command instruc-
tions forming a phase of the plan.
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[0049] Forinstance, inthe example illustrated in figure
5, phase A is formed by a set of command instructions
101, 102, phase B is formed by a set of command in-
structions 103, 104, phase C is formed by a set of com-
mand instructions 105, 106.

[0050] Inturn, the phases are concatenated with each
other, according to a desired sequence of operations,
forming as a whole an intervention plan 400 which can
be initially pre-stored, e.g. inside the same monitoring
and controlling system 20, or elsewhere.

[0051] When the monitoring and controlling system 20
requires operators to execute the intervention plan 400,
similarly to what previously described about one single
batch of command instructions, the elaboration device
30is configured to retrieve the intervention plan and carry
out the pre-execution validation procedure for each indi-
vidual command instruction included in the one or more
phases of a selected intervention plan and cumulatively
for each complete phase of the selected intervention
plan, and then to output to the human machine interface
10, for the attention and in case action of one or more
operators, information indicative of the results of the pre-
execution validation procedure carried out for each indi-
vidual command instruction included in each phase of a
selected intervention plan and cumulatively for each
complete phase of the selected intervention plan.
[0052] Also in this case, once verified that the com-
mand instructions of each phase of the selected inter-
vention plan fulfill the desired operative conditions of the
railway network 200 to be achieved, an operator can trig-
ger direct execution of the pre-validated intervention plan
for the field devices 201.

[0053] Alternatively, the elaboration device 30 is fur-
ther configured to allow operators to save the intervention
plan in the storage device 5 for later direct execution,
and/or to generate a template based on the pre-validated
selected intervention plan and to save the template in
the storage device 5 where itis stored for later generation
of additional intervention plans.

[0054] In particular, according to an embodiment, the
elaboration device 30 is configured to assign a unique
identifier to each individually saved batch of command
instructions or to each intervention plan or intervention
template, for direct and correct retrieval thereof by the
elaboration device 30, when related execution or use is
requested to operators by the monitoring and controlling
system 20.

[0055] In this way, it is possible to build an archive of
intervention plans which can be used atrequestand more
than once, or to have a starting template having at least
some parts pre-validated and usable for completion with
additional batches, so that to generate new intervention
plans in a quicker way.

[0056] Further, alsointhis embodimentthe elaboration
device 30 is preferably configured to carry out the post-
execution confirmation procedure and to output to the
human machine interface 10, for the attention and in case
action of one or more operators, information indicative
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of the results of the post-execution confirmation proce-
dure carried out for each individual command instruction
included in each phase of a selected intervention plan,
and cumulatively for each complete phase of the selected
intervention plan.

[0057] In this way, for an intervention plan under exe-
cution, it is possible to verify, step by step, if the batch of
command instructions forming a phase and each overall
phase itself have been completely and correctly execut-
ed.

[0058] Thus, operators are able to verify if the expected
operative status of the railway network 200 based on the
foreseen execution of a phase corresponds with the ac-
tual status of the railway network 200 based upon signals
received from one or more field devices 201, via the com-
munication interface 1, after execution of the batch of
commands instructions forming each phase.

[0059] In this way, it is possible to verify the correct
execution on a multi-phase plan and in case to stop it if
anything did not proceed as necessary.

[0060] For example, the exemplary intervention plan
illustrated in figure 5 can be part of a global maintenance
intervention plan scheduled for the railway network 200,
where operators need to take possession, i.e. to isolate,
a sub-area of the network 200 first, to execute mainte-
nance needed after, and then to proceed with a following
sub-area, et cetera.

[0061] Accordingly, phase A of the intervention plan
would include all command instructions needed to take
possession of the specific subarea, phase B of the inter-
vention plan would include all command instructions
needed to perform maintenance in the isolated/specific
subarea, and phase C of the intervention plan would in-
clude all command instructions needed for re-putting in
operation the specific sub-area.

[0062] The same process, with corresponding phases
can be repeated sub-area after sub-area, in a way that
allows incrementing and decrementing the areas under
possession, with great flexibility and minimizing the im-
pact on the railway traffic.

[0063] Then, the elaboration device 30 outputs to the
human machine interface 10, for the attention and in case
action of one or more operators, information indicative
of the results of the confirmation procedure carried-out
for each command instruction included in the batch form-
ing a phase and for each phase as a whole.

[0064] In particular, the elaboration device 30 is con-
figured to output to the human machine interface 10, with-
in the post execution confirmation procedure, a com-
mand for an operator to stop execution of an intervention
plan, if for at least one of the command instructions in-
cluded in a phase or for the overall phase of the inter-
vention plan under execution, the actual status of the
railway network 200 differs from the expected status.
[0065] In this way safety is substantially improved due
to the fact that if one of the command instructions in a
phase, e.g. in phase A, would fail, operators would im-
mediately know that the selected sub-area is not in the
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needed safety conditions for having workers deployed
there, and therefore workers can be prevented from en-
tering in such potentially unsafe sub-area.

[0066] System operators have then the possibility to
try again completion of the phase, or in the end to abort
and remove all command instructions already executed.
[0067] Clearly, acommand for an operator to stop ex-
ecution is likewise applicable when carrying out a post-
execution confirmation procedure on a generated single
batch of command instructions previously described if,
for at least one of the command instructions under exe-
cution, the actual status of the railway network 200 differs
from the expected status.

[0068] Further, also when dealing with a complete in-
tervention plan formed by one or more concatenated
phases, it is possible to carry out the post-execution con-
firmation procedure preferably on an intervention plan
subjected to the pre-execution validation procedure.
[0069] However, depending on the applications and
operative circumstances, it would be possible, if neces-
sary, to carry out the post-execution confirmation proce-
dure on an intervention plan which was not subjected to
the validation procedure.

[0070] Dependingonthe applications, operators of the
traffic management system 100 according to the present
invention, can decide, e.g. at design time, whether the
safety procedure above described, and in particular the
pre-execution validation procedure and/or the post-exe-
cution confirmation procedure, can be executed always,
or only if certain conditions are met.

[0071] Inone embodiment of the traffic system 100 ac-
cording to the present invention, the elaboration device
30 is configured to carry out an identification procedure
for an operator to verify if at least one command instruc-
tion included in a generated batch of command instruc-
tions, be itan individual batch or a batch forming a phase
of a multi-phase intervention plan, meets a predeter-
mined criteria, and only in the affirmative case, to carry
out the safety procedure, and in particular any of the re-
lated pre-execution validation procedure and/or post-ex-
ecution confirmation procedure, for the batch subjected
to the identification procedure.

[0072] In particular, according to the invention, a list of
possible commands is predefined and stored, for exam-
ple in the elaboration device 30, wherein the commands
are classified each according to at least a first category
and a second category, with the commands of the first
category having a hierarchical importance higher than
those commands belonging to the second category, in
particular as regard to safety related actions.

[0073] For instance, the pre-listed command instruc-
tions are classified as "vital" or "critical" for the first cat-
egory, and as "standard" for the second category, with
respect to a reference criteria establishing that failure of
execution of a standard command instruction per se
would not cause any safety related issue on the railway
network 200, while failure of execution of a vital or critical
command would cause safety issues which must be pre-
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vented or mitigated as quickly as possible.

[0074] When vital or critical command instructions are
included in a batch, such batch and all information and
data related therewith are preferably always routed
through the elaboration device 30, either when operators
will issue such command instructions for execution to the
communication interface 1, or as regard to the status
signals received by the communication interface 1 in re-
sponse to the application of the batch of command in-
structions, which status signals should be properly trans-
ferred and displayed to the operators on the human ma-
chine interface 10.

[0075] According to an embodiment, the elaboration
device 30 is a drawing server, e.g. a graphical program-
mable tool comprising suitable software code and related
circuitry, which is configured to generate, on one or more
of the displays 15 associated to the human machine in-
terface 10, graphical information indicative of the safety
procedure carried out, and in particular of the related pre-
execution validation procedure and/or post-execution
confirmation procedure carried out.

[0076] For example, for the pre-execution validation
procedure, the elaboration device 30 will provide to the
human machine interface, the list of the command strings
and related graphic visualization associated to all con-
trols included and the general information associated to
the current batch.

[0077] In case of a post-execution confirmation proce-
dure, if forexample abatch/phaseis composed by twenty
individual command instructions, operators will see on
one or more of the displays 15, a total of twenty-one re-
sults displayed, namely one for each individual com-
mand, and one for the whole batch/phase.

[0078] In this way, operators can obtain at a glance, a
feedback on whether the execution of multiple command
instructions is proceeding correctly, as for example illus-
trated with the sketch of figure 3.

[0079] According to an embodiment, the elaboration
device 30 is configured to generate a graphical compa-
rator comprising a first expected execution image and a
second resulting execution image visualized on the one
or more displays 15, wherein if the first and second im-
ages differ from each other, the elaboration device 30 is
configured to output to the human machine interface 10
a corresponding information allowing to enter a failure
mode.

[0080] According to an embodiment schematically il-
lustrated in figure 4, the system 100 comprises a plurality
of elaboration devices 30, i.e. at least two elaboration
devices 30.

[0081] In particular, if only two elaboration devices 30
are used, they would be substantially identical to each
other and would be capable to perform exactly the same
tasks in a synchronized way and independently from
each other, thus allowing safe redundancy for the whole
system 100.

[0082] In a particularly preferred embodiment of the
system 100 according to the invention, there is provided
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a plurality of elaboration devices 30, each being capable
to perform the same procedures previously described.
[0083] According to this embodiment, the elaboration
devices 30 can be divided in groups of two or more elab-
oration devices 30, wherein each group is assigned to a
dedicated sub-part of the railway network 200, and the
elaboration devices 30 of the same group are configured
to perform the same tasks in a synchronized way and
independently from each other.

[0084] According to this embodiment, the at least one
human machine interface 10 is configured to selectively
connect with at least two of the plurality of elaboration
devices 30 via a communication bus 25, which is sub-
stantially a multiplexer, hosted for example by the storage
device 5.

[0085] During operations, the elaboration devices 30
publish dynamically their respective load which is taken
into account by the communication bus 25.

[0086] If a human machine interface 10 queries the
communication bus 25, the communication bus 25 pro-
vides the IP address of the elaboration device 30 to which
the querying human interface 10 should preferably con-
nect to.

[0087] Such indication is for example based on a load
balancing principle, i.e. the communication bus 25 indi-
cates to the human machine interface 10 the right and
less loaded elaboration device 30, thus allowing a faster
and more efficient management of data handling among
the various parts of the system 100.

[0088] Further, as illustrated in figure 4, it is possible
for the system 100 to be scaled up as desired, namely
to comprise a plurality of human machine interfaces 10
for interfacing each with one or more operators, and a
plurality of communication interfaces 1 for interfacing with
the various field devices 201 of the railways network 200,
wherein the plurality of elaboration devices 30 is in op-
erative communication with the plurality of human ma-
chine interfaces 10 and the plurality of communication
interfaces 10, and wherein each of the plurality of human
machine interfaces 10 is configured to selectively con-
nectwith atleast two ofthe plurality of elaboration devices
30 by querying the communication bus 25.

[0089] If needed, also the number of storage devices
5 can be increased, as well as that of the monitoring and
controlling systems 20.

[0090] In this way, the system 100 is easily scalable to
railway networks 200 of different size, complexity and
architecture, thus being applicable either to a local net-
work or expandable to a wider one, with the expansion
that can be implemented at any time.

[0091] With reference to figure 2, a method for traffic
management of a railway network 200, according to the
invention, indicated therein by the overall reference
number 300, comprises the steps of:

- 310: generating, for instance by means of a moni-
toring and controlling system 20, at least one batch
of command instructions suitable to be issued for
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execution by one or more operators to one or more
of field devices 201 of the railway network 200;

- 320: carrying out, by at least one elaboration device
30, a safety procedure for evaluating a response of
the railway network in relation to said generated at
least one batch of command instructions, wherein,
information indicative of the results of the safety pro-
cedure carried out are output, to at least one human
machine interface 10, for the one or more operators.

[0092] According to an embodiment, the step 320 of
carrying out a safety procedure comprises the sub-steps
of:

- 321: carrying out, by means of the at least one elab-
oration device 30, a pre-execution validation proce-
dure for verifying if the command instructions includ-
ed in said generated at least one batch fulfill desired
operative conditions of the railway network; and

- 323: outputting, to the at least one human machine
interface 10, for the one or more operators, informa-
tion indicative of the results of the pre-execution val-
idation procedure carried out.

[0093]
step of:

The method 300 further comprises the following

- 335 issuing the pre-validated at least one batch of
command instructions for execution to one or more
of said field devices 201; or alternatively, the follow-
ing step of:

- 340: saving in the storage device 5 the pre-validated
at least one batch of command instructions for later
execution.

[0094] Preferably, the elaboration device 30 is config-
ured to assign a unique identifier to each individually
saved batch of command instructions.

[0095] According to an embodiment, in the method
300, the step 320 of carrying out a safety procedure com-
prises the sub-steps of:

- 322: carrying out, by means of the at least one elab-
oration device 30, a post-execution confirmation pro-
cedure for verifying if an expected operative status
of the railway network 200 based on the generated
at least one batch of command instructions corre-
sponds with the actual status of the railway network
based upon signals received from one or more of
said field devices 201, via said at least one commu-
nication interface 1, after execution of the generated
at least one batch of commands instructions; and

- 324: outputting to the at least one human machine
interface 10, for said one or more operators, infor-
mation indicative of the results of the post-execution
confirmation procedure carried out.

[0096] Accordingtoan embodimentofthe method 300,
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the step 310 of generating at least one batch of command
instructions, comprises generating, by the monitoring
and controlling system 20, one or more intervention plans
scheduled for the railway network 200, wherein each of
the intervention plans comprises one or more phases
which are arranged according to a desired sequence of
execution and each phase includes, in particular is
formed by, a corresponding batch of command instruc-
tions suitable to be sent to and executed by one or more
of the field devices 201.

[0097] Accordingly, within the step 320 of carrying out
a safety procedure, the sub-step 321 of carrying out a
pre-execution validation procedure comprises:

- carrying out the validation procedure for each indi-
vidual command instruction included in the one or
more phases of a selected intervention plan and cu-
mulatively for each complete phase of the selected
intervention plan.

[0098] In turn, the sub-step 323 of outputting, to the at
least one human machine interface 10, for one or more
operators, information indicative of the pre-execution val-
idation procedure carried out, comprises:

- outputting, to the at least one human machine inter-
face 10, for one or more operators, information in-
dicative of the results of the pre-execution validation
procedure carried out for, each individual command
instruction included in the one or more phases of the
selected intervention plan, and cumulatively for each
complete phase of the selected intervention plan.

[0099] According to this embodiment, the method 300
comprises, at step 335, issuing the pre-validated select-
ed intervention plan for execution to one or more of the
field devices 201, or alternatively, at step 340, saving the
pre-validated selected intervention plan for later direct
execution.

[0100] Yetalternatively to step 335 or 340, the method
300 can comprise the steps of:

- 345: generating a template based on the pre-validat-
ed selection intervention plan; and

- 346: saving the template for later generation of ad-
ditional intervention plans.

[0101] In particular, according to an embodiment, the
elaboration device 30 is configured to assign a unique
identifier to each intervention plan or to each intervention
template for direct and correct retrieval thereof when re-
lated execution or use is requested to operators by the
monitoring and controlling system 20.

[0102] Accordingtoanembodimentofthe method 300,
the step 322 of carrying out a post-execution confirmation
procedure comprises the sub-steps of:

- carrying out the post-execution confirmation proce-
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dure for each individual command instruction includ-
ed in the one or more phases of a selected interven-
tion plan and cumulatively for each complete phase
of the selected intervention plan; and wherein the
step of outputting to said at least one human machine
interface 10, for said one or more operators, infor-
mation indicative of the results of the confirmation
procedure carried out for each individual command
instruction included in said one or more phases of a
selected intervention plan and cumulatively for each
complete phase of the selected intervention plan.

[0103] In turn, the sub-step 324 of outputting to the at
leastone human machine interface informationindicative
of the results of the post-execution confirmation proce-
dure carried out, comprises:

- outputting, to said at least one human machine in-
terface 10, for the one or more operators, information
indicative of the results of the post-execution confir-
mation procedure carried out for each individual
command instruction included in said one or more
phases of a selected intervention plan and cumula-
tively for each complete phase of the selected inter-
vention plan.

[0104] According to an embodiment, the method 300
comprises the further step of:

- 350: stopping execution of an intervention plan if, for
at least one of the command instructions included in
a phase of the intervention plan under execution, the
actual status of the railway network differs from the
expected status.

[0105] As previously indicated, depending on the ap-
plications, users can decide, e.g. at design time, whether
the safety procedure above described, and in particular
the pre-execution validation procedure and/or the post-
execution confirmation procedure, can be executed al-
ways or only if certain conditions are met.

[0106] Accordingly, the method 300 according to the
present invention comprises a step of:

- 360: executing an identification procedure to verify
ifatleastone command instruction included in a gen-
erated batch of command instructions, be it an indi-
vidual batch or a batch forming a phase of a multi-
phase intervention plan, to be sent for execution to
said one or more field devices 201 meets a prede-
termined criteria, and only in the affirmative case, to
carry out the safety procedure, and in particular any
of the related pre-execution validation procedure
and/or post-execution confirmation procedure, for
the batch subjected to the identification procedure.

[0107] Asindicated, the elaboration unit 30 can be con-
stituted by a graphical server and accordingly, in order
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to output to said at least one human machine interface
10, for one of more operators, information indicative of
the results of the safety procedure carried out, and in
particular of the related pre-execution validation proce-
dure and/or post-execution confirmation procedure car-
ried out, the method 300 comprises:

- generating, via the elaboration device 30, agraphical
comparator comprising for example a first expected
execution image and a second resulting execution
image visualized on the one or more displays 15.

[0108] If the first and second images differ from each
other, the method 300 comprises the further step of en-
tering a failure mode.

[0109] Inparticular, anerrormessage canbe displayed
if at least one command instruction included in the batch
is not compliant with the current field configuration of the
railway network 200, or an elaboration error occurred.
[0110] Finally, when a plurality of elaboration devices
is used, the method 300 comprises the steps of querying
a communication bus 25 and, based on the indication of
the communication bus 25, selectively connecting to the
elaboration device 30 indicated.

[0111] Itis evident from the foregoing description that
the system 100 and method 300 according to the present
invention allow offering a solution where the level of safe-
ty of operations is substantially increased over known
systems, in a more efficient and integrated way.

[0112] Indeed, operators are offered the possibility to
control and apply multiple commands at the same time,
where the commands of vital or critical type are always
routed via an elaboration device 30 from a human ma-
chine interface 10 to a communication interface 1, and
vice-versa, thanks to the bidirectional communication es-
tablished between the human interface 1 and the asso-
ciated elaboration server 30, and between the elabora-
tion device 30 and the associated communication inter-
face 1.

[0113] These results are achieved according to a so-
lution which meets the highest standard of safety and
reliability, and which is easy to be implemented and ex-
panded at a competitive cost, in principle to any type and
size of railway network.

[0114] In particular, the system 100 and method 300
according to the invention integrate in a well-coordinated
way, functionalities that in prior solutions cannot be per-
formed or are partially performed by separate and inde-
pendent tools.

[0115] The system 100 and method 300 thus con-
ceived are susceptible of modifications and variations,
all of which are within the scope of the inventive concept
as defined in particular by the appended claims; for ex-
ample, as those skilled in the art would appreciate, the
type of graphical representation can be varied, or even
some information to the operators can presented in other
forms, such as text messages, light or audio warnings,
et cetera.
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[0116] Allthe details may furthermore be replaced with
technically equivalent elements.

Claims

1. Atraffic management system (100) for a railway net-
work (200), characterized in that it comprises:

- atleast one communication interface (1) in op-
erative communication with field devices (201)
of said railway network (200);

- at least one human machine interface (10) for
interfacing with one or more operators;

- a system (20) for monitoring and controlling
said railway network (200), said monitoring and
controlling system (20) being configured to gen-
erate one or more batches of command instruc-
tions suitable to be issued for execution to one
or more of said field devices (201) by said one
or more operators; and

- atleast one elaboration device (30) configured,
upon generation by said monitoring and control-
ling system (20) of at least one batch of com-
mand instructions, to carry out a safety proce-
dure for evaluating aresponse of the railway net-
work in relation to said at least one generated
batch of command instructions, and to output to
said at least one human machine interface (10),
for said one or more operators, information in-
dicative of the results of the safety procedure
carried out.

2. A traffic management system (100) according to
claim 1, wherein said elaboration device (30) is con-
figured to carry out a pre-execution validation pro-
cedure for verifying if the command instructions in-
cluded in said generated at least one batch fulfill de-
sired operative conditions of the railway network, and
to output to said at least one human machine inter-
face (10), for said one or more operators, information
indicative of the results of the pre-execution valida-
tion procedure carried out;
and wherein, once verified that the command instruc-
tions subjected to the pre-execution validation pro-
cedure fulfill said desired operative conditions of the
railway network (200), the elaboration device (30) is
further configured to allow said one or more opera-
tors to issue the pre-validated at least one batch of
command instructions for execution to one or more
of said field devices (201), or for saving in a storage
device (5) of the traffic management system the pre-
validated atleast one batch of command instructions
for later execution.

3. A traffic management system (100) according to
claim 1 or 2, wherein said elaboration device (30) is
configured to:
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- carry out a post-execution confirmation proce-
dure for verifying if an expected operative status
of the railway network (200), based on said at
least one generated batch of command instruc-
tions, corresponds with an actual status of the
railway network, based upon signals received
from one or more of said field devices (201), via
said at least one communication interface (1),
after execution of said at least one generated
batch of commands instructions; and

- output to said at least one human machine in-
terface (10), for said one or more operators, in-
formation indicative of the results of the post-
execution confirmation procedure carried out.

4. A traffic management system (100) according to

claim 2, wherein said monitoring and controlling sys-
tem (20) is configured to generate intervention plans
scheduled for said railway network (200), each of
said intervention plans comprising one or more phas-
es which are arranged according to a desired se-
quence of execution and each phase includes a cor-
responding batch of command instructions suitable
to be sent to and executed by one or more of said
field devices (201);

and wherein said atleast one elaboration device (30)
is configured to:

- carry out said pre-execution validation proce-
dure for each individual command instruction in-
cluded in said one or more phases of a selected
intervention plan and cumulatively foreach com-
plete phase of the selected intervention plan;
and

- output to said at least one human machine in-
terface (10), for said one or more operators, in-
formation indicative of the results of the pre-ex-
ecution validation procedure carried out for each
individual command instruction included in said
one or more phases of a selected intervention
plan and cumulatively for each complete phase
of the selected intervention plan;

and wherein, once verified that the command instruc-
tions of each phase of said selected intervention plan
fulfill the desired operative conditions of the railway
network, said elaboration device (30) is further con-
figured to allow said one or more operators to issue
the pre-validated selected intervention plan for exe-
cution to one or more of said field devices (201), or
to save the pre-validated selected intervention plan
in a storage device (5) of the traffic management
system for later direct execution, or to generate a
template based on the pre-validated selected inter-
vention plan and to save said template in said stor-
age device (5) for later generation of additional in-
tervention plans.
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5.

6.

10.

A traffic management system (100) according to
claims 3 and 4, wherein said at least one elaboration
device (30) is configured to:

- carry out said post-execution confirmation pro-
cedure for each individual command instruction
included in said one or more phases of a select-
ed intervention plan and cumulatively for each
complete phase of the selected intervention
plan; and

- output to said at least one human machine in-
terface (10), for said one or more operators, in-
formation indicative of the results of the post-
execution confirmation procedure carried out for
each individual command instruction included in
said one or more phases of a selected interven-
tion plan and cumulatively for each complete
phase of the selected intervention plan.

A traffic management system (100) according to
claim 5, wherein said elaboration device (30) is con-
figured to generate, within said post-execution con-
firmation procedure, a command for an operator to
stop execution of an intervention plan if, for at least
one of the command instructions included in a phase
orfora complete phase of the intervention plan under
execution, the actual status of the railway network
(200) differs from the expected status.

A traffic management system (100) according to one
or more of the previous claims, wherein said elabo-
ration device (30) is configured to carry out an iden-
tification procedure for said one or more operators
to verify if at least one command instruction included
in a generated batch of command instructions to be
sent for execution to said one or more field devices
(201) meets a predetermined criteria, and only in the
affirmative case, to carry out said safety procedure
for said batch of command instructions.

A traffic management system (100) according to one
or more of the previous claims, wherein said elabo-
ration device (30) is a drawing server configured to
generate and output on one or more displays (15)
associated to said at least one human machine in-
terface (10), for said one or more operators, graph-
ical information indicative of the results of the safety
procedure carried out.

A traffic management system (100) according to
claim 1, wherein it comprises a plurality of elabora-
tion devices (30), wherein said at least one human
machine interface (10) is configured to selectively
connect with at least two of said plurality of elabora-
tion devices (30) via a communication bus (25).

A method (300) for traffic management of a railway
network (200), characterized in that it comprises
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the steps of: 13. A method (300) for traffic management according to

claim 11, wherein said step (310) of generating at

least one batch of command instructions suitable to

be issued for execution by one or more operators to

one or more of field devices (201) of the railway net-
work (200) comprises:

- (310): generating at least one batch of com-
mand instructions suitable to be issued for exe-
cution by one or more operators to one or more %
of field devices (201) of the railway network
(200);

- (320): carrying out a safety procedure for eval-
uating a response of the railway network in re-
lation to said at least one generated batch of 10

- generating one or more intervention plans
scheduled for said railway network, each of said
intervention plans comprising one or more phas-

command instructions, wherein information in-
dicative of the results of the safety procedure
carried out are output to said at least one human
machine interface (10), for said one or more op-

machine interface (10), for said one or more op-
erators, information indicative of the results of
the post-execution confirmation procedure car-
ried out.

1"

es which are arranged according to a desired
sequence of execution and include a corre-
sponding batch of command instructions suita-
ble to be sent to and executed by one or more

erators. 15 of said field devices (201);

11. A method (300) for traffic management according to and wherein said sub-step (321) of carrying out a
claim 10, wherein said step (320) of carrying out a pre-execution validation procedure comprises:
safety procedure comprises the sub-steps of:

20 - carrying out said pre-execution validation pro-
- (321): carrying out a pre-execution validation cedure for each individual command instruction
procedure for verifying if the command instruc- included in said one or more phases of a select-
tions included in said generated at least one ed intervention plan and cumulatively for each
batch of command instructions fulfill desired op- complete phase of the selected intervention
erative conditions of the railway network (200); 25 plan;
and
- (323): outputting to said at least one human and wherein said sub-step of outputting (323) to said
machine interface (10), for said one or more op- at least one human machine interface (10), for said
erators, information indicative of the results of one or more operators, information indicative of the
the pre-execution validation procedure carried 30 results of the pre-execution validation procedure car-
out; and wherein the method comprises the fur- ried out, comprises:
ther step of:
- issuing (335) the pre-validated at least one - outputting to said at least one human machine
batch of command instructions for execution to interface (10), for said one or more operators,
one or more of said field devices (201), or saving 35 information indicative of the results of the pre-
(340) in a storage device (5) of the traffic man- execution validation procedure carried out for
agement system the pre-validated at least one each individual command instruction included in
batch of command instructions for later execu- said one or more phases of the selected inter-
tion. vention plan and cumulatively for each complete
40 phase of the pre-validated selected intervention

12. A method (300) for traffic management according to plan;
claim 10 or 11, wherein said step (320) of carrying
out a safety procedure comprises the sub-steps of: and wherein the method comprises a further step

selected from the following alternative steps:

- (322): carrying out a post-execution confirma- 45
tion procedure for verifying if an expected oper- - issuing (335) the pre-validated selected inter-
ative status of the railway network (200), based vention plan for execution to one or more of said
on said generated at least one batch of com- field devices (201); or
mand instructions, corresponds with an actual - saving (341) the pre-validated selected inter-
status of the railway network, based upon sig- 50 vention plan for later direct execution; or
nals received from one or more of said field de- - generating (345) a template based on the pre-
vices (201) after execution of said generated at validated selection intervention plan and saving
least one batch of commands instructions; and (346) said template for later generation of addi-
- (324): outputting to said at least one human tional intervention plans.

55

14. A method (300) for traffic management according to
claims 12 and 13, wherein said sub-step (322) of
carrying out a post-execution confirmation proce-
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dure comprises:

- carrying out said post-execution confirmation
procedure for each individual command instruc-
tion included in said one or more phases of a
selected intervention plan and cumulatively for
each complete phase of the selected interven-
tion plan;

and wherein said sub-step (324) of outputting to said
at least one human machine interface (10), for said
one or more operators, information indicative of the
results of the post-execution confirmation procedure
carried out for each individual command instruction
included in said one or more phases of a selected
intervention plan and cumulatively for each complete
phase of the selected intervention plan, comprises:

- outputting to said at least one human machine
interface (10), for said one or more operators,
information indicative of the results of the post-
execution confirmation procedure carried out for
each individual command instruction included in
said one or more phases of a selected interven-
tion plan and cumulatively for each complete
phase of the selected intervention plan.

15. A method (300) for traffic management according to
claim 14, wherein it comprises the further step of:

- (350): stopping execution of an intervention
plan if, for at least one of the command instruc-
tionsincluded in a phase or fora complete phase
of the intervention plan under execution, the ac-
tual status of the railway network differs from the
expected operative status.
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