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Artificial Intelligence for Responsive Operation for wvehicle

fleet management

The present invention concerns a system and a method for au-
tomatically managing a vehicle fleet over a road or railway

network.

The present invention is essentially related to the field of
transport vehicles, wherein the expression “transport vehi-
cle” refers to public transport means such as subways, trains
or train subunits, which might be guided by one or several
rails along a track, but also buses, etc., which might be
guided by a line or a marking on a road or route, or which
follow a predefined path comprising different stops or sta-
tions for passengers boarding or leaving the transport vehi-
cle. More generally speaking, the present invention concerns
vehicles which are configured for carrying passengers, whose
moving is for instance determined by a headway operation
mode, or schedule or timetable defining a time at which the
vehicle has to stop at different locations or stations along
its path, and for which the distribution of passengers within
the different stations or locations wherein the wvehicle has
to stop might impact said schedule. Such vehicles may com-
prise several coaches, and/or several entrance/exit doors
providing each a different way to access/exit the wvehicle,

e.g. its compartments or coaches (cars).

One problematic related to such vehicles is that it is very
difficult for operators to properly react to an unexpected
passenger demand. In particular, the fact that an offer, i.e.
a number of vehicles available for transporting passengers,
differs from a demand, i.e. a number of passengers waiting

for boarding a vehicle, often results in passenger
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congestions at stations, and/or in inefficient use of energy

and/or resources.

For solving said problematic, railway operators are for in-
stance able to add or remove transport vehicles from a line
based on known future events, like an increase of passengers
due to a planned concert or football match. The transport ve-
hicle timetable can then be manually adapted accordingly, in
anticipation of said event, to provide a better service to

the passengers.

Unfortunately, such solution to the problematic only works
for well-defined and well-planed events and is not suitable
for “unexpected” increase or decrease of passengers. It fur-
ther requires the intervention of an operator. In particular,
the known solutions cannot react to a cancellation of a
planned concert, or to dynamic variations of the number of
passengers during everyday life, which would require for in-
stance a continuous adaptation of the timetable of transport

vehicles.

An objective of the present invention is to propose a method
and system capable of managing a vehicle fleet by automati-
cally, and preferentially continuously, adapting the offer of
said vehicles to a passenger demand of a transport line. An-
other objective is to save energy by providing an efficient
management of said vehicle fleet in function of the passenger

demand.

For achieving said objective, the present invention proposes
a system and method for adapting or adjusting a number of ve-
hicles running on a transport line of a road or railway net-

work to a number of passengers of said transport line
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according to the objects of the independent claims. Other ad-
vantages of the invention are presented in the dependent

claims.

The present invention concerns notably a system for dynami-
cally adapting a passenger transport capacity of a transport
line to a number of passengers of said transport line, i.e.
to a number of passengers currently travelling or that are
going to travel from one station to another station of said
transport line. Preferentially, the adaptation according to
the invention is automatically performed by the system ac-
cording the invention, in that it is configured for automati-
cally determining a current transport capacity of the line,
automatically determining whether said current transport ca-
pacity needs to be adapted with respect to a predicted
transport capacity demand, and automatically implementing a
measure for adapting the current transport capacity of the

line to the predicted transport capacity demand if needed.

The transport line typically serves at least two stations by
means of transport vehicles (e.g. trains, metros, or buses),
each station comprising at least one platform configured for
receiving passengers. The number of passengers of the
transport line is for instance the number of passengers of
one of its components or elements that are configured for re-
ceiving passengers. In particular, said components or ele-
ments comprise at least the transport vehicles, the stations,
and the platforms of the stations of said transport line.
Said number of passengers of said transport line can be for
instance a number of passengers waiting for one of said
transport vehicles at a platform of a station and/or a number
of passengers currently travelling in a transport vehicle of

said transport line.
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The system according to the invention comprises a main evalu-

ation unit and a processing unit.

The main evaluation unit is configured for automatically de-
termining or measuring or counting, at different times (i.e.
in function of the time), a passenger number for said
transport line. The main evaluation unit is thus configured
for determining or measuring an evolution of said number of
passengers for or of the transport line in function of the
time. Said passenger number can be measured or determined for
instance at different successive times, e.g. periodically, or
at predefined times. In particular, said number of passengers
of the transport line is the number of passengers of one of
its components or elements. In particular, it can measure or
determine the temporal evolution of said passenger number for
different components or elements of the line at the same
time, e.g. the temporal evolution of the number of passengers
within a transport vehicle, and/or at a station, and/or of a
platform of the line. Preferentially, the main evaluation
unit determines the number of passengers that is going to
(i.e. joining/reaching) a platform of the line in function of
the time, and it does it preferentially for each line plat-
form that is served by a vehicle and configured for receiving

passengers.

Preferentially, the main evaluation unit comprises a vehicle
transport capacity evaluation (hereafter “WTCE”) unit and/or
a platform passenger number evaluation (hereafter PPNE) unit.
The VTCE unit is notably configured for determining or meas-
uring, in function of the time, a number of passengers cur-

rently occupying the transport vehicle, i.e. the number of
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passengers on-board the transport vehicle. It can do such a

determination/measurement for all vehicles of the line.

This measurement or determination of the number of passengers
on-board the transport vehicle in function of the time ena-
bles the VTCE to measure the passenger transport capacity of-
fered or provided by each vehicle of the transport line in
function of the time. In other words, the VTCE unit deter-
mines, for each vehicle that is going to stop at a platform,
its passenger transport capacity when it arrives at said
platform (e.g. just before it reaches said platform, or when
it reaches the platform, but its doors are still close). For
instance, if said platform belongs to a station B, and a ve-
hicle is moving from a previous station A directly (i.e.
without stop) to said station B, then the system determines,
after said vehicle left said station A and before it opens
its door at the station B, the number of passengers on-board
the vehicle, and thus the remaining (i.e. current) passenger
transport capacity of said vehicle (which can be for instance
partially or fully occupied by passengers). It can preferen-
tially determine said number of passengers (or current pas-
senger transport capacity) shortly before reaching station B,
e.g. 2-10 minutes before reaching the platform of the station
B, or at any time during the moving from station A to station
B. A goal is to determine the passenger transport capacity of
the vehicle that will be provided or made available by the
latter when stopping at the platform of a directly next sta-
tion (before opening its doors for receiving newly boarding
passengers). It is therefore preferentially determined during
the trip (non-stop trip, i.e. direct trip) from a previous
station wherein some passengers might have boarded the vehi-
cle to said directly next station wherein the passengers are

still waiting for said vehicle. The VTCE unit is thus
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configured for measuring or evaluating, in function of the
time, the number of passengers travelling in said wvehicle,
notably from one station (e.g. station A) to another station
(e.g. station B), and thus to provide information about the
evolution of said number of passengers on-board the transport
vehicle in function of the time. Each vehicle being charac-
terized by a nominal passenger transport capacity defining
the vehicle capacity when the latter is empty (no passen-
gers), then the system according to the invention is config-
ured for computing the current transport capacity of the con-
sidered vehicle by making the difference between said nominal
capacity (e.g. 250 sitting places and 100 standing places)
and the measured or determined number of passengers inside
the vehicle (i.e. the current occupancy of the vehicle, e.g.

180 passengers).

The PPNE unit is notably configured for determining, in func-
tion of the time, the number of passengers waiting at a plat-
form (i.e. the occupancy of a platform in function of the
time) for one of said vehicles serving said platform and/or
the number of passengers going to or joining or reaching a
platform in function of the time (i.e. the flow of passengers
going to the platform). In other words, the PPNE unit is no-
tably configured for determining or estimating, for instance
continuously or periodically, the number of passengers wait-
ing for an incoming vehicle at a platform and/or the number
of passengers going to the platform. It can preferentially do
it for one, several, or all platforms of one, several, or all
stations of the line. This number of passengers waiting for
an incoming vehicle or going to a platform may change or
evolve in function of the time: for instance, a long time be-
fore the arrival of the vehicle at said platform, the number

of passengers waiting for said vehicle or going to the
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platform is low, and shortly before said arrival, the number
of said passengers is higher. Advantageously, the PPNE unit
is thus capable of determining, for each vehicle that stops
at said platform, the number of passengers which were waiting

for said vehicle.

Preferentially, the main evaluation unit is configured for
storing each determined number and the time at which it was
determined or measured in a database, and/or automatically
sends said number and said time to a processing unit accord-
ing to the invention. Preferentially, the main evaluation
unit or said processing unit is configured for generating or
creating, for each component or element of the line for which
the temporal evolution of the passenger number is determined
or measured, a set of data comprising each number of passen-
gers determined for said component, for each number the time
at which it was determined, and optionally an identifier of

the component or element.

The processing unit is configured for receiving or acquiring
the following input data: said

- said passenger number(s) in function of the time determined
or measured for the transport line, i.e. said temporal evolu-
tion of the number of passengers measured or determined for
the transport line;

- a nominal timetable;

- a nominal passenger transport capacity for the vehicles of

the line.

In particular, the processing unit can acquire or receive the
temporal evolution of the number of passengers of one or sev-
eral of the elements or components of the transport line, for

instance for one or several of its transport vehicles, and/or
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one or several of its platforms, and/or for one or several of
its stations. Preferentially, the processing unit receives or
acquires the temporal evolution of the determined or measured
passenger numbers of each of said components or elements of
the transport line. Preferentially, the main evaluation unit
automatically sends to the processing unit the temporally
successive determined passenger numbers, wherein each of the
temporally successive measured or determined passenger num-
bers is associated to a time wvalue, i.e. the time at which it
was measured or determined (like T O, T 1, .., T N). For in-
stance, the processing unit may receive the number of passen-
gers on-board one or several transport vehicles that have
been acquired at different times (i.e. the temporal evolution
of the number of passengers on-board said one or several ve-
hicles of the line) as determined by the VTICE unit and/or
said passenger number at one or several platforms of the line
or going to said one or several platforms as determined by
the PPNE unit. Optionally, instead, or together with, the de-
termined number of passenger on-board the vehicle, the pro-
cessing unit may receive the passenger transport capacity of
the vehicle, which is also associated to a time value that is
the time at which it was determined or measured by the VTCE
unit. Each passenger number inputted to the processing unit
is thus associated to a time or time value which enables the
processing unit to compute a temporal evolution of the in-
putted number, wherein said temporal evolution defines the
variation of the number of passengers with respect to the
time for the line, notably for the component or element of
the line for which said number of passengers was measured or
determined. This temporal evolution can thus be computed by
the processing unit for one, several, or all vehicles of the
line and/or one, several, or all platforms of the line,

and/or for one, several, or all stations of the line.
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Each passenger number determined for a component is preferen-
tially associated to a component identifier, e.g. a vehicle
or platform identifier, enabling the processing unit to de-
termine for which component of the line this number was de-

termined in addition to the time at which it was determined.

The nominal timetable defines the nominal departure and arri-
val times of the vehicles of the line, i.e. the serving of
the platforms of the line by the transport vehicles. As known
in the art, the timetable describes the schedule of each ve-
hicle of the line, i.e. it identifies each station wherein it
has to stop, and for each station, its nominal arrival time

and nominal departure time.

The nominal passenger transport capacity of each transport
vehicle of the line is also received or acquired by the pro-
cessing unit. As already mentioned, the nominal passenger
transport capacity of the vehicle is its capacity when it is
free of passengers, i.e. empty. This nominal passenger
transport capacity is acquired by the processing unit from
any available database, for instance from a control center
database, or might be provided to the system according to the
invention by an operator. It is acquired for all vehicles
running on said line and serving said platform, as well as
any sleeping vehicle (e.g. stand-by or turned off vehicle in

a depot) that can be used for serving said platform.

The processing unit is then configured for applying a trained
function to said number of passengers in function of the
time, wherein said trained function has been trained by a ma-
chine learning algorithm for automatically predicting a fu-

ture temporal evolution of said number of passengers.
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Preferentially, the processing unit is configured for receiv-
ing or acquiring or generating, for a component of the line
for which the number of passengers has been determined in
function of the time, said set of data comprising the number
of passengers in function of the time, i.e. the temporal evo-
lution of the number of passengers for the concerned compo-
nent, said temporal evolution taking place within a first pe-
riod of time. The processing unit is then configured for us-
ing said set as input to the trained function, the latter be-
ing configured for outputting a set of data, wherein the out-
putted set of data defines, for said component, the future
temporal evolution of its number of passengers within a sec-
ond period of time located in the future with respect to the
first period of time. If said passenger number is determined
or measured for several of said elements or components of the
line, then all of said passenger numbers are used together as
input to the trained function, the latter outputting the tem-
poral evolution of each of said passenger numbers (for in-
stance, the temporal evolution of the passenger number of
several vehicles and several platforms). For instance, if the
processing unit receives or acquire a first set of data de-
scribing the temporal evolution of the number of passengers
for a first component during a first period of time, and a
second set of data which has been determined for a second
component, said second set of data comprising thus number of
passengers in function of the time, i.e. a temporal evolution
of the number of passengers for said second component,
wherein said temporal evolution takes place also within said
first period of time, then the processing unit uses said sec-
ond set of data together with said first set of data as input
to the trained function, the latter being configured for out-
putting, in addition to a first outputted set of data de-

scribing the future temporal evolution of the number of
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passengers of the first component, a second outputted set of
data, wherein the second outputted set of data defines, for
said second component, the future temporal evolution of its
number of passengers. Otherwise said, the trained function
may receive as input several sets of data, wherein each set
defines the temporal evolution of the number of passengers of
one of the elements or components of the line, all sets de-
fining said temporal evolution during a same (first) period
of time, said trained function being then configured for out-
putting several sets of data, wherein each of the outputted
sets of data is associated to one of the inputted set of data
and thus to one of the elements or components, and defines,
for said component or element, the future temporal evolution
of its number of passengers, i.e. the number of passengers of
said element or component in function of a future time, said
future time belonging to another period of time (also called
second period of time) located in the future with respect to
the first period of time (the latter comprising the different
times at which the number of passengers of the inputted set

was determined or measured) .

The processing unit is further configured for automatically
determining, from

- said predicted future temporal evolution of said passenger
number, for instance from the future temporal evolution of
the number of passengers of the first component and from the
future temporal evolution of the number of passengers of the
second component,

- nominal timetable, and

- nominal passenger transport capacity,

a measure for adapting the transport capacity of the line to
said future temporal evolution. For this purpose, the pro-

cessing unit comprises notably a transport capacity
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adaptation (hereafter “TCA”) algorithm configured for auto-
matically determining said measure. In particular, said TCA
algorithm uses as input the predicted future temporal evolu-
tion of said numbers, the timetable, the nominal passenger
transport capacity, and outputs said measure, and optionally
an updated timetable comprising said measure. Preferentially,
said processing unit might be configured for controlling the
line, e.g. its vehicles, and/or stations, and/or platforms,
and/or signals, according to the updated timetable. Alterna-
tively, said updated timetable might be automatically sent by
the processing unit to a control center in charge of the con-
trol of the traffic of the line, said control center automat-
ically applying the updated timetable to the line. This ena-
bles a dynamic adaption of the number of running vehicles on
the line and of their departure and arrival time at the sta-
tions in function of a predicted transport capacity demand,
i.e. the predicted temporal evolution of the number of pas-
sengers of the line, for instance of one or several of its

components or elements.

Said measure is for instance a modification of the timetable

that can consist in

- adding a vehicle to the line if, in said future temporal
evolution, said number of passengers of the line, e.g. of
one or several of its components, exceeds a predefined
threshold for a given period of time. The added vehicle is
typically a vehicle turned off or in stand-by in a wvehicle
depot of the line, that is selected for instance in func-
tion of the position of the vehicle depot where it is lo-
cated and/or in function of its nominal transport capac-
ity, and which is then added to the line ; or

- withdrawing a vehicle from the line if, in said future

temporal evolution, the number of passengers of the line,
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e.g. of one or several of its components, is smaller than
a given threshold for a given period of time. The pro-
cessing unit is for instance capable of determining, in
function of the nominal capacity of each running vehicle
of the line, and/or position with respect to a vehicle de-
pot, which vehicle has to be withdrawn from the line for
satisfying said measure; or

- otherwise maintaining the transport capacity defined by

the nominal timetable.

As previously explained, the processing unit is preferen-
tially configured for applying, e.g. automatically, said
measure to the transport line, by sending for instance a mes-
sage to a control center, said message requiring an implemen-
tation the measure. The updated timetable is a timetable that
implements said measure, and which can be sent to a control
center in charge of managing the vehicle traffic on said
line. Preferentially, the processing unit generates periodi-
cally such updated timetables, which are then automatically
implemented, e.g. by means of a centralized system of the
control center, if the updated timetable differs from the
current timetable of the line, wherein said current timetable
can be the nominal timetable or a previously updated timeta-

ble.

Preferentially, the system according to the invention, nota-
bly its processing unit, is configured for storing in a
memory or in a database, e.g. in a cloud, said passenger num-
bers. Each stored passenger number is preferentially associ-
ated to a date and a component identifier (e.g. a platform
identifier or a vehicle identifier or a station identifier or
a line identifier), and optionally a position, wherein the

date (e.g. day, month, year, and hour) is configured for
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indicating the time at which said number has been determined
or measured, and the position may indicate the position of
the component with respect to the line, e.g. the position of
the vehicle when said number has been determined. By this
way, the processing unit can construct or generate a database
describing the temporal evolution of the number of passengers
of each component of the line for which a number of passen-
gers is determined or measured. For each component, said pas-
senger number might be measured or determined over a long pe-
riod of time, e.g. during a complete year. Preferentially,
said database is continuously populated with newly determined
numbers. Said database can then be used for the training or
an additional training of the function configured for auto-
matically predicting a future temporal evolution of the num-

ber of passengers of the line.

The system according to the invention can thus automatically
adapt the passenger transport capacity of a line serving a
platform to predicted variations of the number of passengers
desiring to travel on said line from said platform. The in-
vention enables notably a dynamic adaptation of the number of
vehicles serving a line, i.e. running on said line, in func-
tion of the flow of passengers who will use said line for
moving from one station to another station. Advantageously,
since the evolution of the number of passengers is predicted
by the trained function, measures, like adding a vehicle to
said line, can be taken early enough in order to prevent any

congestion of a platform of said line.

The present invention concerns also a method for dynamically
adapting a passenger transport capacity of a transport line
to a number of passengers of said transport line. Said

transport line comprises typically several stations
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- determining or measuring or counting, at different

10

15

20

25

30

times, a passenger number of or for said transport line.
Preferentially, the passenger number of one or several
elements or components of the line is determined (or
measured or counted) in function of the time in order to
acquire the temporal evolution of said passenger number
for each of said one or several components. For in-
stance, a number of passengers on-board a transport ve-
hicle and/or a number of passengers waiting at a plat-
form for one of the transport vehicles of the transport
line, and/or a number of passengers going to or Jjoining
said platform, and/or a passenger number entering and/or
leaving a station of the line can be determined, wherein
each of said numbers of passengers is determined at dif-
ferent times in order to get a temporal evolution of the
passenger number of each component of the line for which
it is determined;

receiving, by a processing unit, the following input
data:

0 said passenger number counted, measured or deter-
mined at different times, i.e. a temporal evolution
of said number of passengers. Preferentially, it
receives said temporal evolution of the passenger
number, for one, several, or all, components of the
line for which the passenger number is determined
at different times;

0 a nominal timetable defining the serving of the
platforms of the line by said transport vehicles;

0 a nominal passenger transport capacity of each

transport vehicle of the line;
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applying, by the processing unit, a trained function to
said temporal evolution of said passenger number,
wherein said trained function has been trained by a ma-
chine learning algorithm for automatically predicting a
future temporal evolution of said number of passengers.
The trained function uses as input the passenger number
determined in function of the time (i.e. the temporal
evolution of the passenger number) for the different el-
ements or components of the line for which such passen-
ger numbers were determined and outputs, for each of
said different elements or components, the temporal evo-
lution of their passenger number. The temporal evolu-
tions of several components of the line are preferen-
tially used together as input of the trained function.
For this purpose, said temporal evolutions have to cover
a same period of time;

automatically determining, from said predicted temporal
evolution, nominal timetable, and nominal transport ca-
pacity, a measure for adapting the transport capacity of
the line to said future temporal evolution or to said
future temporal evolutions if the temporal evolution of
several components of the line have been determined and
used as input for determining the measure. Indeed, the
processing unit according to the invention preferen-
tially uses as input the predicted temporal evolution of
the passenger number obtained for each of said elements
or components for which passenger numbers were counted
or measured or determined together with the nominal
timetable and nominal transport capacity for determining
said measure;

preferentially, applying said measure to the transport

line.
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Further aspects of the present invention will be better un-
derstood through the following drawings, wherein like numer-

als are used for like and corresponding parts:

Figure 1 schematic representation of a system for dy-
namically adapting a passenger transport ca-
pacity of a transport line according to the

invention.

Figure 2 flowchart of a preferred method according to

the invention.

Figure 3 schematic representation of the temporal evo-
lution of the number of passengers in function

of the time.

Figure 1 illustrates a preferred embodiment of a system 1 ac-
cording to the invention. Said system 1 enables an optimized
management of a fleet of vehicles configured for running on a
passenger transport network, e.g. a railway network and/or a
bus network, by continuously or intermittently determining a
demand (that is a number of passengers requiring a vehicle
for moving from a first station to a second station) and dy-
namically adapting an offer (that is a number of wvehicles
running on the line(s) which serves said first and second
station) in function of said demand. In order to better un-
derstand the concept of the present invention, Figure 1 is
presented. The latter shows schematically a transport network
comprising in particular:

- lines L1, L2, L3;

- stations S1-S15;

- vehicles V1-V12; and
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- vehicle depot(s) D1, D2 which may comprise one or several

vehicles turned off or on stand-by.

According to this non-limiting exemplary transport network, a
first line L1 is configured for enabling vehicles to move
from station S1 to station S5 via successively stations S2-
S3-S4, and vice versa. A second line L2 of the network is
configured for enabling vehicles to move from station S6 to
station S12 via successively stations S7-358-54-511-S12, and
vice versa. And a third line L3 of said network is configured
for enabling vehicles to move from station S15 to station S10
via successively stations S14-S13-S8-S9-S10, and vice versa.
Different vehicles V1-V12 are running on the network, wherein
the location or position of the vehicles in function of the
time and with respect to the transport network is defined by
a known in the art timetable, which defines for instance for
each vehicle an itinerary or trip on the network, and its ar-
rival and departure times for each station of said itinerary.
As explained in the introduction, such a timetable is, ac-
cording to prior art techniques, predefined and cannot evolve
in function of an unplanned increase or decrease of the num-
ber of passengers waiting for a vehicle on the platform of
one of the stations S1-S15. The present invention makes it
possible to dynamically adapt such a timetable to the tem-
poral evolution of the demand, i.e. the temporal evolution of
the number of passengers waiting for a vehicle and/or going
to a platform, by acquiring or determining in live, for in-
stance in real time, the number of passengers of the line,
e.g. the number of passengers on-board one or several vehi-
cles of the line and/or the number of passengers waiting for
a vehicle at one or several station platforms and/or going to
said one or several platforms, and then by predicting a fu-

ture temporal evolution of each of said numbers of passengers
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from their known past temporal evolution (i.e. from the pre-
viously determined or measured or counted numbers, e.g. from
said numbers of passengers acquired or determined at differ-
ent times for the concerned vehicles and platforms), and to
automatically adapt the timetable to said future evolution.
Figure 3 proposes a schematic illustration of this concept:
it shows a temporal evolution of the number of passengers
(ordinate) in function of the time (abscissa). The time rep-
resents for instance a day, from 5 o’clock in the morning to
midnight. The number of passengers represents for instance
the number of passengers waiting at a platform for an incom-
ing vehicle. One considers that the present time is approxi-
mately 11 o’clock in the morning. Three curves are repre-
sented on the graph:

- a full line going approximately from 5 o’clock to 11
o’clock in the morning. It represents the number of passen-
gers that have been currently determined by the main evalua-
tion unit until now (11 o’clock);

- a dash-dot line going approximately from 5.30 in the morn-
ing until midnight. It represents the predicted temporal evo-
lution of the number of passengers for this platform. The
temporal evolution is continuously adapted to the currently
determined number of passengers. This means that, if, at 11
o’clock, there is a sudden increase of the number of passen-
gers, a trained function will automatically adapt its predic-
tion of the temporal evolution of the number of passengers to
this sudden increase. This enables to dynamically react to
variations of the demand for transport capacity. The pre-
dicted temporal evolution can be calculated for the whole day
or for the next hour or couples of hours. The real evolution
of the passenger number, i.e. said determined passenger num-
bers in function of the time, are preferentially used for

continuously populating a database used for training said
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trained function so that its predictions become more and more
precise.

- a dotted line going approximately from 11 o’clock to mid-
night: it shows the future real passenger numbers that will
be determined by a main evaluation unit, and thus the differ-

ence between the prediction and the reality.

In more details, the system 1 according to the invention com-
prises a main evaluation unit 10 and a processing unit 13
configured for acquiring or receiving data or information
(notably each determined or measured or counted passenger
number) from the main evaluation unit 10. The main evaluation
unit 10 is in charge of the determination or measurement or
counting of said number of passengers for one or several of
said lines. For each line, said number of passengers might be
determined for one or several components or elements of the
line. For each of said component or element, said number of
passengers is determined at different times so that a tem-
poral evolution of the number of passengers, as shown in Fig.
3, can be acquired by the system 1 according to the invention
for each of said components or elements. It can for instance
determine said number of passengers for at least one of the
lines L1-L3 or for all lines. For each component or element
of a line for which said number is determined, the system ac-
cording to the invention is configured for predicting a tem-
poral evolution of said number as illustrated by the dash-
dotted line of Fig. 3, and determining a measure for adapting
the transport capacity of the transport line to said pre-

dicted temporal evolution.

Said elements or components are notably or comprise at least
the vehicles V1-V12, the stations S1-515, any platform of
said stations S1-S15.
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In particular, the main evaluation unit 10 comprises a VTCE
unit 11 and a PPNE unit 12. The VTCE unit 11 and the PPNE
unit 12 are for instance connected with the processing unit
13 for enabling said exchange of information or data. Addi-
tionally, the system 1 according ot the invention comprises
communication means for communicating with other devices, for
instance with a remote-control center 20 in charge of manag-
ing vehicle traffic on lines L1, L2, L3 of the passenger
transport network, e.g. a railway network, and/or with vehi-
cles V1-V12, directly or indirectly, and/or with stations S1-
S15, and/or with vehicle depot D1, D2, etc. The processing
unit 13 comprises mainly one or several processors and a
memory. It can comprise an interface for enabling its commu-

nication with other devices of the transport network.

A preferred embodiment of the method for adapting a passenger
transport capacity of a transport line to a number of passen-
gers of said transport line will now be described based on
Figure 2. The method comprises preferentially the following

steps with respect to the system 1 illustrated in Fig. 1:

At step 201, the main evaluation unit (10) determines or
measures or counts a passenger number for each transport line
for which the transport capacity has to be adapted according
to the invention. For instance, it determines said passenger
number for the line L2. For each line for which a dynamic ad-
aptation of the transport capacity according to the invention
has to be performed, it preferentially determines the number
of passengers of one or several of the line elements or com-
ponents, said elements or components of the transport line.
For instance, the passenger numbers determined for the line

L2 might be: the passenger number of each platform of station
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56, the passenger number of each platform of station S7, the
passenger number on-board vehicle V4, the passenger number of
each platform of station S8, the passenger number within ve-
hicle V6, the passenger number of each platform of station
5S4, the passenger number of each platform of station S11, the
passenger number on-board vehicle V8, the passenger number
on-board vehicle V9, and the passenger number of each plat-
form of station S12. Each of said passenger numbers is deter-
mined or counted or measured successively at different times

in order to acquire their temporal evolution.

For instance, the PPNE unit 12 determines for station 8 and
in function of the time, the number of passengers waiting at
a platform of said station 8 (let’s call it platform A) for
one of the vehicles running on the transport line L2, and/or
going to said platform A. The PPNE unit 12 can perform such
determination or measurement or counting of the number of
passengers waiting for a vehicle of the transport line at a
platform, and/or going to a platform, for all or a set of
stations of the line and for all or a set of platforms of
each of said stations. Preferentially, the PPNE unit 12 does
said determination for all platforms of the transport network
that are configured for receiving passengers in order to have
a global view of the flows of passengers within said
transport network. The PPNE unit 12 can thus be configured
for acquiring and providing the current distribution of pas-
sengers on all platforms of the network that are configured
for receiving passengers. This counting or measurement of the
number of passengers waiting on a platform for an incoming
vehicle, and/or going to said platform that is going to be
served by said incoming vehicle, is preferably done in real
time. Preferentially, the PPNE unit 12 can measure/count each

passenger number continuously, or according to a given
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measurement/counting period, e.g. each 2 minutes, or each 5
or 10 minutes, and it preferentially sends the obtained
value, i.e. said number of passengers determined for the
platform, and the time at which it was determined, to the
processing unit 13 or to a database in order to store, for
instance for each platform of each station of the line that
is configured for receiving passengers, said measured or de-
termined value. For instance, the PPNE unit 12 can send to
the processing unit 13, after each determination of a passen-
ger number, the determined passenger number, the time at
which it was determined, and an identifier of the platform
for which it was determined, and the processing unit 13
stores in said database each received passenger number and
its associated time and platform identifier, notably by popu-

lating a set of data created for said platform.

In order to determine said number of passengers, the PPNE
unit 12 can use any known in the art techniques, like
- a camera system configured for acquiring images of

a platform of a station of the transport line, and
an image analysis system configured for counting
the number of passengers waiting at and/or going to
said platform from the acquired images, using for
instance a human face counting algorithm. Such cam-
era system might be installed at each platform of
the transport line for which said number has to be
determined, each camera system providing the image
analysis system with images from the platform,
wherein each camera system is configured for imag-
ing the platform and the passengers of said plat-
form to enable their counting by the image analysis

system; and/or
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a turnstile system configured for counting the num-
ber of passengers accessing a platform and leaving
said platform. In particular, the number of passen-
gers waiting for the vehicle on said platform can
be obtained from the difference between the number
of passengers accessing and leaving the platform.
Again, different platforms of the transport line
might be equipped with such a turnstile system;
and/or

a ticketing system configured for evaluating a num-—
ber of passengers waiting for a vehicle at a plat-
form, and/or that will go to said platform, from an
origin and destination station indicated on passen-
ger tickets and a travelling time indicating a de-
parture time from said origin station and an arri-
val time at said destination station; and/or

any other system , preferentially equipping said
platform, and configured for determining the number
of passengers waiting for an incoming vehicle at
said platform and/or a number of passengers that go
to said platform; and/or

person localization techniques using GPS and/or
RFID and/or BLE and/or Wi-Fi connections to a Wi-Fi
access point of the platform or of the station, and
which enable to determine or count a number of per-
sons within the area of the platform; and/or
passenger detection system comprising sensors for
detecting motion (e.g. by counting the number of
times an invisible light is crossed) or pressure
variations or weight variations, or a combination
of the latter; and/or

a system comprising heat sensors installed at the

platform, configured for identifying body heat
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signatures and for counting from said identifica-
tion the number of passengers at said platform;

- etc.

The VTCE unit 11 according to the invention is configured for
determining the number of passengers on-board a vehicle of
the transport line. Preferentially, it determines said number
of “on-board” passengers for several or all vehicles cur-
rently in service for a considered transport line, for in-
stance for line L2, and can do it for one or several lines of
the transport network. For a same vehicle, it determines or
measures or counts said number of passengers at different
times, for instance each time the vehicle leaves a station
(e.g. as soon as it closes its doors), or a predefined time
before stopping at a station. It enables the system according
to the invention to acquire a temporal evolution of the num-

ber of passengers occupying a vehicle of the transport line.

By determining the number of passengers in function of the
time for one or several components of the line, a trend in
the temporal evolution of the number of passengers can be de-
termined, like peak hours, weekends, working days, holidays,
etc. The time means preferentially the date
(day/month/year/hour/minutes/seconds) of the measurement/de-
termination/counting of said number of passengers. This ena-
bles the processing unit 13 to know the demand in function of
the time and to predict a future temporal evolution of the
latter. Indeed, this demand in function of the time will be
used to predict future demands in function of the time, for
instance future temporal evolutions of each of the numbers of
passengers waiting at the platform and/or going to said plat-

form for which a measurement/determination/counting was made.
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As it will be explained below, from said temporal evolution,
the processing unit 13 is then able to predict a future evo-
lution of said number of passengers for the concerned vehi-
cle, enabling thus the system according to the invention to
predict also the future transport capacity of said wvehicle
when it will stop at a platform of a next station of the
transport line, said prediction being realized before stop-
ping at a station that is, according to the current timeta-
ble, temporally located directly before said next station.
For instance, with respect to Fig. 1, the passenger transport
capacity that vehicle V7 will provide when it will stop at
the platform A of said station 8 wherein passengers are wait-
ing can be predicted by the system according to the invention
while it did not yet reach station 9. Said transport capacity
corresponds to the number of available seats and optionally
standing places available in the vehicle after it left a pre-
vious station and before it opens the door for receiving new
passengers at a platform of a directly next station. The sys-
tem according to the invention is thus capable of predicting
a temporal evolution of the transport capacity of a vehicle
of the transport line. The wvariation, in function of the
time, of the number of passengers on-board a vehicle of the
line is determined and used by the processing unit 13 for
predicting a future evolution of said number for said vehi-
cle, and then determining the best measure for adapting the
transport capacity of the line to said future evolution.
Preferentially, the determination or measurement of the num-
ber of passengers by the VTCE unit is realized for all vehi-
cles of a line that are currently in service, and preferen-

tially for all lines of the transport network.
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Thus, according to the present invention, the flows of pas-
sengers moving from stations to stations can be acquired or
tracked by the main evaluation unit 10 through its VTCE unit
11, and/or the flows of passengers that are increasing the
number of waiting passengers at the platforms can be acquired
or tracked by the main evaluation unit 10 through its PPNE
unit 12. In particular, the system 1 according to the inven-
tion determining or selecting a measure that is configured
for balancing said flows so that the offer in terms of avail-
able places in vehicles stopping at a platform of a line is
at least equivalent to the demand for said places. “At least
equivalent” means notably that the number of available places
is at least not less than the demand, i.e. not less that the
number of passengers waiting for the incoming vehicle. Pref-
erentially, it shall also not exceed the demand of a prede-
fined ratio, e.g. 4% more places are offered compared to
places demanded. This enables to not oversize the offer with
respect to the demand, and therefore to save energy by with-
drawing a vehicle from the line if the offer exceeds said
predefined ratio. For each vehicle of the line for which the
number of passengers is tracked (i.e. determined or measured
or counted by the VTCE unit 11), then each temporally succes-
sive determined or measured or counted number of passengers
is sent to the processing unit 13 and/or stored in a data-
base, e.g. in said cloud. Preferentially, the processing unit
13 stores the received or numbers of passengers and the time
at which it of said numbers (e.g. one number for a first ve-
hicle of the line, and another number for another vehicle of
the line or of another line) was determined or measured in
the database or cloud. This is preferentially performed for
all passenger numbers received, e.g. for all vehicles of a

line, or for all vehicles of the transport network.
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The determination or measurement of the number of passengers
on-board the vehicle is preferentially performed only once
within the period of time separating two successive stops of
the vehicle, namely a first stop at a first station directly
followed by a second stop at a second station. The VTCE unit
11 is for instance configured for determining, after the
closing of the doors at said first stop, the number of pas-
sengers on-board the vehicle, and optionally a remaining pas-
senger transport capacity that will be effectively offered to
the newly boarding passengers at said second stop, said re-
maining passenger transport capacity taking into account the
number of on-board passengers that are going to leave the ve-
hicle (hereafter the “leaving” passengers) at said second
stop and being thus an estimation of the real transport ca-
pacity of the vehicle that will be offered to the newly
boarding passengers after said leaving passengers effectively

left the vehicle.

In order to determine the number of passengers on-board the
vehicle, or alternatively its current transport capacity ,
the VTCE unit 11 can use different known in the art tech-
niques, like:

- a weighing system configured for evaluating a number
of passengers occupying the vehicle from a difference
between a nominal load of the vehicle and a current
load of the vehicle; and/or

- a camera system configured for counting the number of
passengers boarding and leaving the vehicle; and/or

- a ticketing system configured for evaluating a number
of passengers occupying said vehicle from an origin
station and a destination station indicated on passen-

ger tickets for said line; and/or
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- an on-board system comprising heat sensors installed
on-board, configured for identifying body heat signa-
tures and for counting from said identification the
number of passengers within the vehicle;

- any other system capable of determining a current oc-
cupancy by passengers of the vehicle; and/or

- etc.

For determining the remaining transport capacity, the VTCE
unit 11 preferentially uses passenger ticket information,
and/or statistics configured for providing, in function of
the time and/or station and/or vehicle itinerary, a percent-
age of passengers leaving the transport vehicle at a given
station on a given line at a given time. Optionally, the main
evaluation unit may further comprise a passenger flow meas-
urement system comprising an on-board and/or platform camera
system, wherein, for each door of the vehicle, said camera
system comprises a camera configured for acquiring images of
an area comprising said door, and configured for determining
the number of passengers boarding the vehicle at each vehicle
door and the number of passengers leaving said vehicle at
each vehicle door from an analysis of passenger motion in
said area in images acquired by the on-board and/or platform
camera system. The VTCE unit can thus in particular determine
the number of passengers boarding and/or leaving the vehicle
at each stop of the vehicle at a platform of the line, said
number of boarding passenger and the number of leaving pas-
senger being then sent to the processing unit 13 together
with the time at which they were acquired or measured and,
preferentially, with an identifier of the vehicle and/or of
the platform. The processing unit 13 is then notably config-
ured for storing, in the database or cloud, said numbers of

passengers entering and leaving the vehicle , the time at
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which said numbers were measured or determined, and option-
ally their associated component (vehicle or platform) identi-
fier. In particular, each measured value of the number of
passengers entering and leaving the vehicle at a given plat-
form for a given itinerary, i.e. a given line, is then stored
in said database in association with the time at which it was
measured in order to compute statistics providing for in-
stance a percentage of passengers leaving the vehicle at said
given platform in function of the time and optionally for a
given itinerary. Said percentage can be obtained via differ-
ent techniques, e.g. combining the weight measurements ob-
tained from the weighing system to the counted number of pas-
sengers leaving the vehicle obtained from the on-board and/or

platform camera system.

At step 202, the processing unit 13 acquires or receives the

following input data:

- for each line for which the transport capacity has to be
adapted according to the invention, said determined or
measured or counted passenger number, and for each of said
determined or measured or counted passenger number, the
time at which it was measured or determined, and option-
ally, an identifier of the component or element of the
line for which it was determined or measured. In particu-
lar, for each line for which the transport capacity has to
be adapted, the processing unit 13 may receive as input
several passenger numbers, each of said several passenger
numbers being the number of passengers of a different com-
ponent or element of the line. Preferentially, for each
line for which a dynamic adaptation of the transport ca-
pacity has to be implemented, the processing unit 13 re-

ceives as input:
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- for one or several or each vehicle of the line that is
in service: the number of passengers on-board the vehicle,
the time at which this number was determined, and an iden-
tifier of the vehicle; and/or

- for one or several or each platform served by one of
said vehicles: the number of passengers waiting for an in-
coming vehicle and/or the number of passengers going to
the platform, and for each number, the time at which said
number was determined, and for each platform, an identi-
fier of the platform; and/or

- for one, several, or each station of the line: the num-
ber of passengers going to said station, which might have
been acquired by a camera system or turnstile system or
any other system capable of measuring the temporal flow of

passengers entering a station ;

- a nominal timetable defining the arrival and departure

times of the transport vehicles at the platforms of all
transport lines whose transport capacity has to be adapted
according to the invention. More generally speaking, the
nominal timetable provides information about the position
each transport vehicle of the line with respect to the

time ;

- a nominal passenger transport capacity of each vehicle V1-

V12 of each of said lines whose transport capacity has to
be adapted according to the invention. This is in particu-
lar useful for determining for instance which vehicle of a
depot D1, D2 has a suitable nominal passenger transport
capacity for implementing a current adaptation of the
transport capacity of a line by adding an additional vehi-
cle to the line, or which running vehicle should be with-

drawn from the line.
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Apart from the above-mentioned input data, the processing
unit 13 can be configured for acquiring or receiving at least
one of the following additional input data:

- a threshold defining a maximum number of passengers for a
component of the line. Different thresholds might be used
for the different components of the line. For instance, a
threshold might be defined fora platform, or for each plat-
form, or for a set of platforms, or for a station or a set
of stations, or for a vehicle or a set of vehicles. Each of
said thresholds enables to fix a limit from which the sys-
tem will consider that there is a passenger congestion for
the considered component; and/or

- a threshold configured for defining an oversized transport
capacity for the line with respect to a demand. Said
threshold enables to fix a limit from which the system will
consider that the offer is oversized compared to the de-
mand. For instance, if a predicted number of passengers at
a platform or in a vehicle is below said threshold for a
predetermined period of time, then the ATC algorithm auto-
matically may implement a measure that comprises withdraw-
ing a vehicle from the line. Such a threshold can be de-
fined for a vehicle, or platform, or station. It can be de-
termined from an average of the transport capacity of all
vehicles of the line in function of the time versus an av-
erage of the number of passengers waiting for a vehicle for
all served platforms of the line, or by considering only a
predefined set of said platforms; and/or

- a maximum difference defined between a flow of passengers
arriving or joining the platform and a flow of passengers
leaving the platform via vehicles stopping at said plat-
form. This maximum difference can be defined for each plat-
form. It enables to reach a balance between the demand (re-

sulting from the flow of passengers reaching the platform



10

15

20

25

30

33

for boarding a vehicle) and the offer (linked to the flow
of passengers that will be able to board the incoming vehi-
cle when it arrives, which depends on the transport capac-
ity of the incoming vehicle, and thus on the number of pas-
sengers already on-board the vehicle when the passengers of
the platform are boarding); and/or,

a line layout with stops information, i.e. stopping station
and platform, stopping time; and/or,

a number of vehicles available in a depot D1, D2 and their
nominal transport capacity, and optionally the depot D1, D2
location with respect to the line whose transport capacity
has to be adapted. The depot location enables the system to
determine which vehicle from which depot should be added to
or withdrawn from the line if such a measure is determined
by the processing unit 13. The latter will for instance au-
tomatically take into account the distance between the de-
pot and a platform for which a congestion is predicted in
order to determine what is the best solution for implement-
ing the measure, for instance by automatically choosing a
vehicle of a depot that is the closest to the platform
where the congestion has been predicted; and/or,

a minimum and maximum headway defined for the vehicles run-
ning on the line, notably for each line of the network for
which the transport capacity has to be adapted; and/or,

a timetable deviation; and/or,

a location of each vehicle running on the line; and/or,

an availability status of each vehicle of said line; and/or
a vehicle depot information, indicating the location of the
vehicle depot, a number of available vehicles in
standby/sleeping mode in said depot, and for each vehicle
in said depot, its nominal transport capacity; and/or,
holidays information for the country where the station is

located. This information can be used as input to the
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trained function by the processing unit for predicting the
future evolution of the number of passengers, for instance
for predicting an increase or decrease of the number of
passengers waiting for a vehicle at a platform of the line
or on-board a vehicle; and/or

forecasted event information defined for an area surround-
ing the station (sport events, music events, their rele-
vance, estimated attendance..). The area can be predefined,
e.g. by determining for instance a radius of a circle orig-
inating at the position of the station and whose radius
length, e.g. 1-2 km from the position of the station, will
determine the area enclosed by the circle. Said forecasted
event information is preferentially used as input to the
trained function for the prediction of the future evolution
of the passenger number ; and/or,

a forecasted weather information for the area where the
station is located (rain, visibility, temperature, humid-
ity, snowfall, wind speed and pollution conditions). The
area can also be predefined by determining for instance an-
other radius of a circle centered on the station. Said
forecasted weather information is preferentially used as
input to the trained function for the prediction of the fu-
ture evolution of the passenger number; and/or,

a traffic information regarding other transport means in an
area surrounding said station. Said traffic information is
preferentially used as input to the trained function for
the prediction of the future evolution of the passenger
number; and/or,

a vehicle energy consumption for each vehicle configured

for running on said line.

At step 203, the processing unit 13 applies a trained func-

tion to the temporal evolution of the number(s) of passengers
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received as input, wherein said trained function optionally
takes into account (i.e. uses also as input) said traffic in-
formation and/or forecasted weather information and/or fore-
casted event information and/or holidays information for pre-
dicting a future temporal evolution of the numbers of passen-
gers received as input. Preferentially, for each component or
element of a line for which said passenger number has been
determined, the processing unit 13 creates, from all or part
of the received numbers for said component or element, a set
of temporally successive passenger numbers describing thus
the temporal evolution of said passenger numbers, notably for
first period of time that is notably a predefined past period
of time ending at a present time, e.g. for the last 30
minutes. In other words, for each component or element for
which the passenger number is determined at different times,
the processing unit 13 is configured for creating said set
and populating the latter with the passenger numbers received
from said element or component, so that the set comprises a
succession of passenger numbers ordered according to the time
at which each passenger number was determined, from the ear-
liest determination to the latest determination in order to
cover said first period of time. It does the same for the
numbers of passengers of each component or element for which
it receives said numbers as input. By this way, it is able to
create, for each component or element of a transport line for
which said numbers are determined, a set of said numbers de-
scribing the temporal evolution of said numbers during said
first period of time, said predefined time period being pref-
erentially the same for all of said components or elements
for which said numbers were determined, i.e. having the same
temporal starting time and end time, the end time being pref-
erentially the present time or as close as possible to the

present time. The trained function is a function trained by a



10

15

20

25

30

36

machine learning algorithm for automatically predicting a fu-
ture temporal evolution of each number of passengers that has
been received as input. It is thus able to predict the tem-
poral evolution of the number of passengers of each line com-
ponent or line element for which the number of passengers was
determined at different times and sent or acquired by the
processing unit. Preferentially, the trained function uses as
input at least one of said set of temporally successive num-
bers (i.e. a set of numbers describing the temporal evolution
of the number of passengers of a component or element of the
line), and provides for each of the sets used as input, a re-
sulting set that comprises also a succession of future num-
bers of passengers, wherein said future numbers of the set
are temporally ordered according to an increasing time dif-
ference with a present time (i.e. ordered from the temporally
closest future number of passengers to the temporally most
distant future number), wherein the number of said future
passenger numbers in the resulting set is configured for cov-
ering a predefined future period of time, preferentially
starting from the present time and extending for a predefined
length of time, for instance 1 or 2 hours, and describes thus
a future temporal evolution of the received numbers for the
concerned element or component of the line within said future
predefined period of time. Preferentially, said trained func-

tion is a random forest.

The processing unit 13 is then configured for using

- the future temporal evolution of the received number(s), in
particular all future temporal evolutions that have been de-
termined by the trained function,

- said nominal timetable, and

- said nominal passenger transport capacity of the wvehicles

as input to a TCA algorithm configured for determining and
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outputting a measure for adapting the transport capacity of
each line for which a future temporal evolution of the number
of passengers of one of its components or elements has been
determined by the trained function. In particular, the meas-
ure 1is determined by the TCA algorithm in function of at

least one of the additional input data.

Preferentially, in order to determine said measure, the TCA
algorithm is configured for automatically determining whether
the future temporal evolution of at least one or each of said
passenger numbers satisfies at least one or all requirements
of a set of requirements. Said set of requirements comprises
notably requirements regarding the number of passengers that
might occupy a vehicle and/or a station and/or a platform at
a same time, and/or regarding a temporal evolution of said
number of passengers that might occupy a vehicle and/or a
station and/or a platform. Said set of requirements might de-
pends on or might be a function of said threshold of the ad-
ditional input data, and/or of said maximum difference. For
instance, as soon as the threshold defining a maximum number
of passengers for a platform is exceeding for a given period
of time by the predicted future passengers numbers for said
platform, then the TCA algorithm is configured for automati-
cally modifying the timetable so that this threshold be not
exceeded, for instance by automatically adding a vehicle to
the line, wherein the added vehicle will serve at least the
platform for which the predicted numbers exceeded the thresh-
old. The TCA algorithm is thus configured for automatically
determining a measure for adapting the transport capacity of
the line and preferentially for automatically modifying the
nominal timetable according to the determined measure in or-
der to generate an updated timetable. In particular, if the

processing unit 13 receives as input said number of
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passengers that is going to a platform and its trained func-
tion outputs a future temporal evolution of said number of
passengers that is going to said platform, then the TCA algo-
rithm uses as input said nominal timetable and said nominal
transport capacity of the vehicles of the line for determin-
ing a future number of passengers waiting at said platform in
function of the nominal timetable, and whether the temporal
evolution of said future numbers satisfies at least one or
all requirements of said set of requirements. As already ex-
plained, the TCA algorithm may then automatically determine a
measure and modify the nominal timetable accordingly if one,

several, or all requirements are not satisfied.

Optionally, the TCA algorithm is configured for testing a
predefined set of measures by applying each of said measures
of said set to the predicted temporal evolution of the number
of passengers of all components or elements of the line for
which such temporal evolution has been predicted and for au-
tomatically determining which measure(s) satisfy(ies) at
least one or a part or all requirements of the set of re-
quirements, classifying for instance said measures according
to a degree of satisfaction of said requirements of the set
of requirements and selecting the measure with the higher de-
gree of satisfaction for modifying the nominal timetable and
applying to the line the modified nominal timetable (updated
timetable). Optionally, each requirement of the set of re-
quirements might be associated to a weight, said weight being
used for calculating said degree of satisfaction. For in-
stance, one requirement could be to save energy associated to
a weight value of 5, another requirement with a weight wvalue
of 7 can be to keep the waiting time at a platform below a

predefined threshold value, and another requirement
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associated to a weight value of 4, to reach a predefined oc-

cupancy value for each transport vehicle of the line.

The TCA algorithm might be further configured for determin-
ing or outputting at least one of the following additional
data from the future temporal evolution of number (s) output-
ted by the trained function:
- one or several predictive KPIs among
0 a predicted vehicle occupancy, e.g. a percentage of occu-
pancy, in function of the time for said future temporal
evolution if said measure is not applied. This predicted
vehicle occupancy is notably determined by the TCA algo-
rithm from the nominal timetable, the nominal transport
capacity of the vehicles, and, for at least one preferen-
tially all platforms of the line, from the predicted fu-
ture evolution of the number of passengers that are going
to the considered platform in function of the time;
and/or
0 a predicted platform and/or station and/or line passenger
occupancy in function of the time for said future tem-
poral evolution if said measure is not applied; and/or
0 a predicted average waiting time, defined in function of
the time, for passengers who will wait for a next incom-
ing vehicle at said platform according to said future
temporal evolution, said average waiting time being de-
fined for instance as the average during a predefined pe-
riod of time of the time differences between the arrival
time at said platform of a first incoming vehicle and the
arrival time of a directly next incoming vehicle if said
measure is not applied;
0 a predicted total waiting time for passengers of a plat-
form, and/or station, and/or line if said measure is not

applied. The predicted total waiting time is the sum of
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the waiting times for the considered element of the line
over all passengers who will be waiting at the considered
element (i.e. platform, station, line). For instance, if
20 passengers a predicted at a platform, and each passen-
ger waits 4 minutes (average waiting time), then the to-
tal waiting time for said platform is 80 minutes;

and/or

- one or several optimized KPIs among

o said predicted vehicle occupancy, e.g. a percentage of
occupancy, in function of the time for said future tem-
poral evolution if said measure is applied; and/or

o said predicted platform and/or station and/or line pas-
senger occupancy in function of the time for said future
temporal evolution if said measure is applied; and/or

o0 said predicted average waiting time, defined in function
of the time, for passengers who will wait for a next in-
coming vehicle at said platform according to said future
temporal evolution if said measure is applied, said pre-
dicted average waiting time being defined for instance
as the average during a predefined period of time of the
time differences between the predicted arrival time at
said platform of a first incoming vehicle and the pre-
dicted arrival time of a directly next incoming vehicle
if said measure is applied;

o0 said predicted total waiting time for passengers of a
platform, and/or station, and/or line if said measure is
applied.

and/or

- said updated timetable that is an optimized timetable con-
figured for implementing the determined measure. In this
case, the TCA algorithm is configured for automatically gen-
erating the updated timetable from the determined measure and

the nominal timetable or a current timetable which might
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already comprise a previous update compared to the nominal

timetable.

Preferentially, the TCA algorithm is configured for using one
of said additional input data for determining said measure,
and the updated timetable configured for implementing said
measure:

- the line layout;

- the number of vehicles available in a depot and their nomi-
nal transport capacity;

- the depot information;

- the minimum and maximum headway;

- the timetable deviation;

- the location of each vehicle;

- the availability status of each vehicle;

- the vehicle energy consumption.

The processing unit 13 might be further configured for send-
ing a passenger congestion warning, e.g. to a platform,
and/or to the control center 20, and/or to a station, and/or
to a line, and/or to a vehicle. In particular, if the pro-
cessing unit 13 does not receive a temporal evolution of the
number of passengers per platform, but only a temporal evolu-
tion of the number of passengers in the line, then the pro-
cessing unit 13 is configured for calculating the platform

occupancy on a line basis.

The present invention also proposes a method for providing

the trained function. Said method comprises notably:

- receiving, via a first interface, for instance by the pro-
cessing unit 13, input training data, wherein said input

training data comprises
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- passenger numbers in function of the time for one or

several elements or components of the line. For in-
stance, it can receive the number of passengers of a ve-
hicle serving a platform of a station of a line, and/or
the number of passengers waiting for a vehicle at a
platform and/or the number of passengers going to a
platform to take a vehicle for travelling from a station
to another station and/or the number of passengers en-
tering a station. Preferentially, for each element or
component of the line, a set comprising several numbers
of passengers are received, wherein said several numbers
describe a temporal evolution of the number of passen-
gers for said element or component of the line, each
number of passengers being associated to a time data de-
scribing the time at which said number of passengers was
determined or measured for said component or element,
and the set further comprising preferentially an identi-
fier of the element or component for which said numbers
were determined. The processing unit might receive thus
one or several of said sets, each set comprising passen-—
ger numbers associated each to a time data which define
the temporal evolution of the number of passengers of an
element or component of the line, wherein said temporal
evolution takes place during a first period of time.
Said first period of time can be one month, or one year,
or any period of time.

optionally, a set of timetables, wherein each of the
above-mentioned set is preferentially associated to a
single timetable. Using a set of timetables as input for
training the function is for instance necessary if the
temporal evolution of the number of passengers that is
received as input depends on a specific timetable,

which, for instance, might not be the case for the
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number of passengers going to a platform in function of
the time. In particular, said input training data do not
comprise such a set of timetables if said passenger num-
bers in function of the time for one or several elements
or components of the line that are used as input have
been acquired for said nominal timetable, being for in-
stance history data recorded in connection with said
nominal timetable;

- receiving, via a second interface, output training data,

wherein the output training data comprises:

- for each of said one or several elements or components
of the line for which said numbers of passengers in
function of the time has been received as training in-
put, a future temporal evolution of said numbers of
passengers. In other words, for each set received as
training input for an element or component of the line,
an associated set is received as training output,
wherein said associated set comprises passenger numbers
associated each to a time data so as to define another
temporal evolution of the number of passengers of said
element or component of the line, wherein said another
temporal evolution takes place during a second period
of time, which is temporally consecutive to the first
period of time, and thus temporally located after said
first period of time. For each set received as training
input for an element or component of the line, the as-
sociated set describes the future temporal evolution of
the number of passengers of said element or component
of the line.;

- training a function based on the input training data and
output training data with a training computation unit;
- providing, via a third interface, the trained function to

the processing unit 13 of said system 1 for predicting a
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future temporal evolution of a passenger number of the
line, for instance the future temporal evolution of the
number of passengers of one or several of the components or

elements of the line.

The input training data may comprise one or several of said
additional input data, notably a traffic information associ-
ated to a time data, a forecasted weather information associ-
ated to a time data, a forecasted event information associ-
ated to a time data, holidays information, that can be used
for training the function, so that the trained function is
then configured for processing said one or several additional
input data in order to predict an evolution of the number of
passengers of an element or component of the line in function
of one or several of said additional input data. The trained
function is then able to predict a future temporal evolution
of the number of passengers at a platform in function for in-
stance of traffic information, and/or forecasted weather in-
formation, and/or forecasted event information, and/or holi-

days.

Finally, at step 204, the system according to the invention,
for instance its processing unit 13, is configured for apply-
ing said measure to the transport line. For this purpose, it
can for instance send a message to a control center 20,
wherein said message is configured for commanding an imple-
mentation of said measure by the control center 20. Alterna-
tively, the processing unit 13 can be configured for sending
the updated timetable to a control system in charge of the
management of the line traffic, wherein said control system
is configured for automatically implementing the updated
timetable by adapting the running of the vehicles of the line

accordingly, and if required adding or withdrawing a vehicle.
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To summarize, the present invention provides a method and a
system for dynamically adapting a passenger transport capac-
ity of a transport line to a number of passengers using said
line for travelling. The proposed invention enables to find
the right balance between the demand in terms of number of
travelling passengers and the offer in terms of transport ca-
pacity offered by the running vehicles. The present invention
advantageously enables a dynamic adaptation of the timetable,
preventing thus passenger congestion at a platform as well as
saving energy by avoiding oversized offer with respect to a

current demand.
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Claims

1.

System (1) for dynamically adapting a passenger
transport capacity of a transport line (L1-L3) to a num-
ber of passengers of the transport line (L1-L3), said
transport line comprising at least two stations (S1-
S15), each station (S1-S15) comprising at least one
platform served by transport vehicles (V1-V12) of the
transport line, said system (1) comprising:

- a main evaluation unit (10) configured for automat-
ically determining, in function of the time, said
number of passengers of the transport line (L1-L3);

- a processing unit (13) configured for receiving or
acquiring the following input data:

- said number of passengers in function of the
time;

- a nominal timetable for the transport line;

- a nominal passenger transport capacity of
each transport vehicle (V1-V12) of the
transport line (L1-L3) that can serve said
platforms;

and for applying a trained function to said number
of passengers in function of the time, wherein said
trained function has been trained by a machine
learning algorithm for automatically predicting a
future temporal evolution of said number of passen-
gers, the processing unit (13) being further con-
figured for automatically determining, from said
future temporal evolution, nominal timetable, and
nominal passenger transport capacity, a measure for
adapting the transport capacity of the transport

line to said future temporal evolution;
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the system (1) being further configured for apply-

ing said measure to the transport line (L1-L3).

System (1) according to claim 1, wherein said measure
is:
- adding a transport vehicle to the line if, in said
future temporal evolution, said number of passen-
gers exceeds a first predefined threshold for a
first given period of time; or
- withdrawing a vehicle from the line if, in said fu-
ture temporal evolution, the number of passengers
is smaller than a second given threshold for a sec-
ond given period of time; or
- otherwise maintaining the transport capacity de-

fined by the nominal timetable.

System (1) according to claim 1 or 2, wherein said num-
ber of passengers of the transport line (L1-L3) is the

number of passengers of one of its components - called

hereafter first component -, said components comprising
at least the vehicles (V1-V12), the stations (S1-S15),

and the platforms of the stations (S1-S15).

System (1) according to claim 3, wherein the processing
unit (13) is configured for receiving or acquiring or
generating, for said first component, a first set of
data, wherein said first set of data comprises said num-
ber of passengers in function of the time, i.e. a tem-
poral evolution of the number of passengers for said
first component, said temporal evolution taking place
within a first period of time, the processing unit (13)
being configured for using said first set as input to

the trained function, the latter being configured for
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outputting a first outputted set of data, wherein the
first outputted set of data defines, for said first com-
ponent, the future temporal evolution of its number of

passengers.

System (1) according to claim 3 or 4, wherein the main
evaluation unit (10) is configured for automatically de-
termining, in function of the time, the number of pas-
sengers of another component — called hereafter the sec-

ond component - of the transport line (L1-1L3).

System (1) according to claim 5, wherein the processing
unit (13) is configured for receiving or acquiring or
generating, for said second component, a second set of
data, wherein said second set of data comprises said
number of passengers in function of the time, i.e. a
temporal evolution of the number of passengers for said
second component, said temporal evolution taking place
within said first period of time, the processing unit
(13) being configured for using said second set of data
together with said first set of data as input to the
trained function, the latter being configured for out-
putting, in addition to the first outputted set, a sec-
ond outputted set of data, wherein the second outputted
set of data defines, for said second component, the fu-

ture temporal evolution of its number of passengers.

System (1) according to claim 6, wherein the processing
unit (13) 1is configured for automatically determining,
from

- the future temporal evolution of the number of pas-

sengers of the first component,
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- the future temporal evolution of the number of pas-
sengers of the second component,
- the nominal timetable, and
- the nominal passenger transport capacity,
said measure for adapting the transport capacity of the
line to said future temporal evolutions of the first and

second components.

System (1) according to claim 3 to 7, wherein the pro-

cessing unit (13) is configured for acquiring at least

one of the following additional data and using at least

one of the acquired additional data for determining said

measure:

- a threshold defining a maximum number of passengers
for a component of the line; and/or

- a maximum difference defined between a flow of passen-
ger arriving at a platform and a flow of passenger
leaving said platform via vehicles stopping at said
platform; and/or,

- a threshold configured for defining an oversized
transport capacity for the line with respect to a de-

mand.

System (1) according to one of the claims 1 to 8§,
wherein the main evaluation unit (10) comprises a VTCE
unit (11) configured for determining, in function of the
time, the number of passenger on-board a transport vehi-

cle (V1-V12) of the transport line (L1-L3).

System (1) according to one of the claims 1 to 9,
wherein the main evaluation unit (10) comprises a PPNE
unit (12) configured for determining, in function of the

time, the number of passengers waiting for a transport
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vehicle (V1-V12) at a platform and/or the number of pas-

sengers going to said platform.

System (1) according to one of the claims 1 to 10,
wherein the trained function further uses as input at
least one of the following data:

- a forecasted weather information; and/or

a traffic information; and/or

- a forecasted event information; and/or

holidays information.

System (1) according to one of the claims 1 to 11,
wherein the processing unit (13) comprises a TCA algo-
rithm configured for automatically generating an updated

timetable comprising said measure.

System (1) according to one of the claims 1 to 12,
wherein the processing unit (13) is further configured
for determining from said future temporal evolution:
- one or several predictive KPIs among

0 a predicted vehicle occupancy in function of the
time for said future temporal evolution if said measure
is not applied; and/or

0 a predicted platform and/or station and/or line
passenger occupancy in function of the time for said fu-
ture temporal evolution if said measure is not applied;
and/or

0 a predicted average waiting time, defined in
function of the time, for passengers who will wait for a
next incoming vehicle at a platform according to said
future temporal evolution if said measure is not ap-

plied;
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0 a predicted total waiting time if said measure is
not applied;

and/or
- one or several optimized KPIs among

o said predicted vehicle occupancy in function of
the time for said future temporal evolution if said
measure 1s applied; and/or

o said predicted platform and/or station and/or
line passenger occupancy in function of the time for
said future temporal evolution if said measure is ap-
plied; and/or

0 a predicted average waiting time, defined in
function of the time, for passengers who will wait for a
next incoming vehicle at a platform according to said
future temporal evolution if said measure is applied;

0 a predicted total waiting time if said measure is
applied;

and/or
- an optimized timetable comprising the applied measure;

and/or

- for sending a passenger congestion warning.

A method for providing a trained function configured for
predicting a future temporal evolution of a number of
passengers of a transport line (L1-L3), said transport
line comprising at least two stations (S1-S15), each
station (S1-S515) comprising at least one platform served
by transport vehicles (V1-V12), said stations, plat-
forms, and vehicles being components of the transport
line (L1-L3), the method comprising:

- receiving, via a first interface, input training data,

wherein said input training data comprises
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- passenger numbers in function of the time for one
or several of said components of the transport
line, wherein for each of said component, the
number of passengers in function of the time de-
fines a temporal evolution of said number of pas-
sengers during a first period of time;

- optionally, a set of timetables;

- receiving, via a second interface, output training
data, wherein the output training data comprises:

- for each of said one or several components of the
line for which said numbers of passengers in
function of the time has been received as train-
ing input, a future temporal evolution of said
numbers of passengers, wherein said future tem-
poral evolution takes place in a second period
of time, temporally consecutive to the first pe-
riod of time;

- training a function based on the input training data
and output training data with a training computation
unit;

- providing, via a third interface, the trained function
to a processing unit (13) of a system (1) for dynami-
cally adapting a passenger transport capacity of a

transport line.

Method for dynamically adapting a passenger transport
capacity of a transport line (L1-L3) to a number of pas-
sengers, said transport line (L1-L3) comprising at least
two stations (S1-S15), each station (S1-S5S15) comprising
at least one platform served by transport vehicles (V1-
V12) of the transport line, said method comprising the

Steps:
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- determining (201)a temporal evolution of a number
of passengers for the transport line (L1-L3);

- receiving (202), by a processing unit (13), the
following input data:

- said temporal evolution of the number of pas-
sengers;

- a nominal timetable defining the serving of
said platforms of the line (L1-L3) by said
transport vehicles (V1-V12);

- a nominal passenger transport capacity of
each vehicle (V1-V12) of the line that can
serve said platforms;

- applying (203), by the processing unit (13), a
trained function to said temporal evolution of the
number of passengers, wherein said trained function
has been trained by a machine learning algorithm
for automatically predicting a future temporal evo-
lution of said number of passengers, and determin-
ing, by the processing unit (13) from said future
temporal evolution, nominal timetable and nominal
passenger transport capacity, a measure for adapt-
ing the transport capacity of the line (L1-L3) to
said future temporal evolution;

- applying (204) said measure to the transport line.



