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"Method and system for rebalancing a facility for the shared use of vehicles,

facility implementing such a method and/or system"

The present invention relates to a method for rebalancing a facility for
the shared use of vehicles comprising a plurality of stations that are
geographically remote from each other. It also relates to a system
implementing such a method and a facility implementing such a method

and/or such a system.

The field of the invention is the field of the shared use of a fleet of
vehicles, in particular a fleet of electric vehicles, over a plurality of stations
making it possible for users to collect or return such vehicles, for example in

the context of automated vehicle rental.

Background of the invention
Automated vehicle rental is a fast-growing field. Conurbations wishing

to reduce the number of vehicles present in their area are setting up
automated vehicle rental facilities.

Automated rental facilities, and more generally facilities for the shared
use of a fleet of vehicles, comprise several stations, each enabling users to
start to use a vehicle, that is, to take possession of a vehicle, and to return
a vehicle after use.

These facilities require station rebalancing operations. It is very rare
for a user taking possession of a vehicle at a given station to return that
vehicle to the same station after use of the vehicle. In addition, flows of
users occur naturally, for example from a residential area to a business area
in the morning and vice versa in the evening. As a result, it is common to
have "empty" stations where no vehicles are available, while other stations
are overloaded with vehicles, with the distribution of the vehicles at the
stations not meeting users' requirements as a result.

Such a situation brings several drawbacks, including a very long
waiting time for users visiting "empty" stations or those wishing to return a
vehicle to an overloaded station, and impaired access to the shared vehicle

use service.
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In an attempt to remedy these drawbacks, operators have been
deployed to rebalance the stations. These operators move vehicles from the
overloaded stations to the empty stations.
However, such rebalancing is not effective in reducing the waiting
time and increasing access to the vehicle use service. In addition, although
such rebalancing is relatively inefficient, it is very costly in terms of labour

and very time-consuming.

An object of the present invention is to remedy the aforementioned
drawbacks.

Another object of the invention is to propose a method and a system
for rebalancing vehicles in a facility for the shared use of vehicles that are
more efficient than the existing methods and systems in terms of reducing
the waiting time and improving access to the service.

Another object of the invention is to propose a method and a system
for rebalancing vehicles in a facility for the shared use of vehicles that are
less costly than the existing methods and systems.

Finally, another object of the invention is to propose a method and a
system for rebalancing vehicles in a facility for the shared use of vehicles
that are more flexible and more responsive to changes occurring in the

facility.

Disclosure of the invention
The invention proposes to achieve at least one of the aforementioned

objects by means of a method for rebalancing collection/return stations for
vehicles made available for shared use, said method comprising the
following steps:

- for each station, detecting each vehicle departure from and

arrival at said station and storing the data relating to said station

in association with an item of time data,

- for each station, determining:

* a number of vehicles available at said station,

» a waiting time of each vehicle at said station,



10

15

20

25

30

-3-

- determining and storing an average waiting time for each
station as a function of the data stored in association with a given
time slot, and
- filtering the stations as a function of the number of vehicles
available and the average waiting time, said filtering providing:

= a first list, said departure station list, and

= a second list, said arrival station list;
- designing at least one vehicle movement operation between a
station on the first list and a station on the second list, and
- carrying out at least one vehicle movement operation.

The invention therefore makes it possible to carry out rebalancing
taking into account not only the number of vehicles at a station, but also
other criteria representative of both the actual activity at each station in the
facility and the desired activity at each station in the facility. Thus, the
rebalancing carried out according to the invention is more flexible in order to
adapt to the actual activity in the facility at each station. In addition, as the
actual activity can change over time, the rebalancing according to the
invention takes these changes into account individually at the level of each
station, and is therefore more responsive.

Furthermore, by taking into account the criteria representative of the
actual activity at each station and the desired activity at each station, the
method according to the invention makes it possible for example to not
supply a station at which there is not much activity, even if the number of
vehicles at that station is low. Similarly, the method according to the
invention makes it possible for example not to relieve a station at which
there is a lot of demand, even if there are many vehicles at that station
compared with a standard situation. The method according to the invention
therefore makes it possible to avoid unnecessary vehicle movements, which
on the one hand reduces the rebalancing costs and on the other hand makes
it possible to have more operators available for other stations at which
rebalancing can be carried out more quickly and responsively, thus reducing

the average waiting time.
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The waiting time can in particular correspond to a period between a

return of a vehicle to said station and a collection of a vehicle from said

station subsequent to said return.

Thus, for a station, when the average waiting time is long this means
that, for that station, the average demand, which corresponds to the inverse
of the waiting time, is low. Conversely, when the average waiting time is
short, this means that the average demand is high. It is possible to take into
account the variation in waiting time, and therefore in demand, as a function
of the different time slots in a day or week. For example, for a station,
demand can be high at work arrival and departure times and very low during
the day. The method according to the invention advantageously makes it
possible to take these variations into account.

The periods between a vehicle collection operation and a vehicle
return operation can be determined by detecting, for each vehicle:

- the vehicle return time, and optionally day and month;

- the vehicle collection time, and optionally day and month.
These data can be detected for example by a presence sensor arranged in a
parking space and/or, for electric vehicles, by a sensor arranged in the
charging cable of the electric vehicle. The data detected can be sent to a
remote server connected to each station and comprising calculation means
for determining the average waiting period.

Each waiting time stored can thus be associated with at least one
criterion such as the type of day, with only the waiting times associated with

this criterion being used to calculate the average waiting time.

According to an advantageous embodiment, the time slot can be a
rolling time slot with a predetermined range, and calculated as a function of
the current time. More specifically, the time slot can be defined by adding a
predetermined number of one or more hour(s) to the time. It is thus
possible to take into account future variations in terms of waiting time or

demand and to anticipate the rebalancing necessary to meet future demand.
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At least one of the filtering or design steps is carried out by taking

into account, for each station, at least one item of data relating to at least

one neighbouring station of said station, the data or one of the items of data

being a number of vehicles in a set, known as a zone, comprising said
station and the stations closest to it.

The process thus takes the stations into account not in an isolated

manner but also in terms of the impact of the status of each station on the

neighbouring stations, for more accurate balancing.

According to the invention, a zone associated with a station can be
defined as comprising:

- all of the stations located at a distance and/or a predetermined
journey time as a function of the station in relation to which it is
determined: in this case, the number of stations in the zones is
variable and two defined zones associated with two stations can
comprise a different number of stations; or
- a predetermined number of the stations closest to the station in
relation to which it is determined: in this case, two defined zones
associated with two stations comprise the same number of

stations.

The filtering can in particular comprise the following steps carried out
for at least one, preferably each, station:
- comparing the total number of vehicles at the station or in the
zone associated with said station to a first threshold;
- when said total number is above said first threshold, adding
said station to a list, said list of stations to be relieved;
- comparing said total number to a second threshold, lower than
said first threshold;
- when said total number is below said second threshold, adding
said station to a list, said list of stations to be supplied.
Such filtering makes it possible to determine the stations for which a
rebalancing operation can be envisaged, by eliminating the stations that

have a sufficient supply of vehicles as a function of the number of vehicles
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at the station or in the zone. In addition, this operation makes it possible to

carry out an efficient first selection simply, using simple calculations that are

not too difficult to implement.

The method according to the invention can advantageously comprise
the determination, for at least one station, in particular each station on the
list of stations to be relieved, of a parameter, said occupancy rate, as a
function of:

- the number of vehicles available at the station, and

- the average waiting time for a given time slot at said station;
the filtering step being carried out taking into account the value of said
occupancy rate.

Thus, the method according to the invention makes it possible to
apply an order to the stations to be relieved as a function of the number of
vehicles at the station and the average waiting time. Thus, it is possible to
prioritize the relief of the stations that have the most vehicles available
relative to the average waiting time, i.e. the stations with the highest
occupancy relative to the demand at those stations.

According to a particular embodiment that is in no way limitative, the
occupancy rate, referred to as OR;, for station /i, can be determined
according to the following equation: |

OR, = AWT, x NVS,
where:
- AWT,; is the average waiting time at station /, and

- NVS; is the number of vehicles available at station J.

Furthermore, the filtering step can comprise a step of selecting
departure stations, in particular from the list of stations to be relieved as a
function of the occupancy rate, said selection step comprising the following
steps: '

- determining a number of available operators for moving a
vehicle;

- for each available operator, by successive iterations:
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= determining the station, in particular on the list of
stations to be relieved, with the highest associated
occupancy rate;

» adding said station to the list of departure stations;

= updating the occupancy rate associated with said
selected station by subtracting one vehicle from the
number of vehicles available at said station.

Thus, when there are fewer available operators than stations to be
relieved, the method according to the invention makes it possible to
prioritize the relief of the stations with the highest occupancy. The station or
stations selected in this way are placed on the list, or cluster, called
"departure stations".

Furthermore, when a station is selected as a departure station and
added to the list of departure stations, the occupancy rate associated with
this station is updated (as if an operator had relieved this station of a
vehicle) before another iteration of the selection steps is carried out. Thus,
when a station has a very high occupancy rate, it is possible for it to be

selected as a departure station again for another rebalancing operation.

The method according to the invention can also comprise the
determination of a parameter, known as a flow, as a function of said
average waiting time and an average time said return time, the filtering step
comprising the selection of at least one departure station as a function of
said flow, said selection comprising at least one iteration of the following
steps:

- comparing the flow associated with a station to a first
threshold;
- when said flow is below said first threshold, adding said station

to the list of departure stations.

The average return time is in particular the average time between the
collection of a vehicle and the subsequent return of a vehicle to the station.
The flow corresponds in particular to the inverse of the waiting time

minus the inverse of the average return time, the first threshold generally
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being very negative, which means that returns to the station are very high

relative to vehicle collections.

If applicable, the selection step using the flow is carried out before the
step of determining the number of available operators in order to determine
the number of items on the departure list, the number of operators taking
into account the number of stations at which the flow is below said
threshold. It corresponds to the actual number of available operators minus
the number of stations that met the previous flow criterion.

The flow can also and/or alternatively be compared to a value range,
in particular a range of values around 0 for the flow as defined above, and
when the flow is within the value range, the station can be excluded from
the list of stations to be relieved, as it is then considered to be self-

regulating.

Such filtering using the flow parameter makes it possible to determine
the stations for which a rebalancing operation can be envisaged, taking into
account the situations that are not necessarily covered by the
aforementioned operations as a function of the average waiting time and an
average vehicle return time at the station.

Each of the thresholds used during the filtering step can be
determined by statistical analysis of the elapsed time slots, and can be
updated as a function of observations on the ground.

According to a particular embodiment that is in no way limitative, the
flow, referred to as F;,, for station /, can be determined according to the
following equation:

pao 1l 1
AWI, ATTA,

where:
- AWT;is the average waiting time at station /, and
- ATTA; is the average time between two consecutive vehicle arrivals at

station /.
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Furthermore, the method according to the invention can

advantageously ccmprise the determination, for at least one station, in
particular each station on the list of stations to be supplied, of a parameter,
said relief rate, as a function of:

- the number of vehicles available at the station, and

- the average waiting time for a given time slot at said station;
the filtering step being carried out taking into account the value of said relief
rate.

Thus, the method according to the invention makes it possible to
apply an order to the stations to be supplied as a function of the number of
vehicles at the station and the average waiting time. Thus, it is possible to
prioritize the supplying of the stations that have the fewest vehicles
available relative to the average waiting time, i.e. the stations with the

lowest occupancy relative to the demand at those stations.

According to a particular embodiment that is in no way limitative, the
relief rate, referred to as RR,, for station /, can be determined according to
the following equation:

RR. = AWT, x (NVS, +1)
where:
- AWT,;is the average waiting time at station /, and

- NVS; is the number of vehicles available at station i.

Furthermore, the filtering step can advantageously comprise a step of
selecting arrival stations, in particular from the list of stations to be supplied
as a function of the relief rate, said selection comprising the following steps:

- determining a number of available operators for moving a
vehicle;
- for each available operator, by successive iterations:
» determining the station, in particular on said list of
stations to be supplied, with the lowest associated relief
rate;

» adding said station to the list of arrival stations;
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» updating the relief rate associated with said selected
station by adding one vehicle to the number of vehicles

available at said station.

Thus, when there are fewer available operators than stations to be
supplied, the method according to the invention makes it possible to
prioritize the supplying of the stations with the lowest occupancy. The
station or stations selected in this way are placed on a list, or cluster, called
"arrival stations".

Furthermore, when a station is selected as an arrival station and
added to the list of arrival stations, the relief rate associated with this
station is updated (as if an operator had supplied this station with a vehicle)
before another iteration of the selection steps is carried out. Thus, when a
station has a very low occupancy rate, it is possible for it to be selected as

an arrival station again for another rebalancing operation.

The method according to the invention, and in particular the design
step, can also advantageously comprise a step of determining a balancing
time, carried out before the movement step, comprising the following
operations, carried out by successive iterations:

- for each station on the list of departure stations, determining a
parameter, said departure parameter, as a function at least of the
occupancy rate;

- for each station on the list of arrival stations, determining a
parameter, said arrival parameter, as a function at least of the
relief rate;

- calculating the balancing time between each of the stations on
the departure station list and each of the stations on the arrival
station list, as a function of said departure and arrival parameters
and a journey time between said departure and arrival stations;
and

- selecting the movements as a function of the balancing times
respectively calculated.

It is thus possible to take into account, for each vehicle movement

operation, both the possibility of a user going to a neighbouring station to
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the station in question and the time that the movement of the vehicle from
the departure station to the arrival station would take.

The departure parameter can also be calculated as a function of a
probability of transfer to at least one closer station, in particular to all of the
stations in the zone associated with said station.

The arrival parameter can also be calculated as a function of a
probability of transfer to at least one closer station, in particular to all of the

stations in the zone associated with said station.

According to a particular embodiment that is in no way limitative, the
departure parameter for station /, referred to as DP, can be determined
according to the following equation:

DP, = !
(AWT, x NVS)+ px (D V, x AWT,xNVZ,)

where:
- pis the probability of return to at least one closest station,
-k is the number of stations in the zone associated with station /,

- NVZ, is the number of vehicles in the zone associated with station k,

and

- V=1 if station k is empty and V=0 if not.

According to a particular embodiment that is in no way limitative, the
arrival parameter for station /i, referred to as AP, can be determined
according to the following equation:

AP, = !
(AW, x(NVS, + 1))+ px (Q_V, x AWT, x(NVZ, +1))

where:
- pis the probability of transfer to at least one closest station,
- ks the number of stations in the zone associated with station /,

- NVZ, is the number of vehicles in the zone associated with station k,

and

- V=1 if station k is empty and V=0 if not.
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According to a particular embodiment that is in no way limitative, the
balancing time between a departure station / and an arrival station j,
referred to as BT;_; can be determined according to the following equation:

BT, ,=DF,-(JT_,;x AP,)
where:
- DP;is the departure parameter of departure station /,
- AP;is the arrival parameter of station j, and

- JTi; is the journey time from station / to station j.

Thus, when the balancing time is very low, this means that the
journey time and/or the arrival parameter is high compared to the departure
parameter. This therefore means that the vehicle will in theory be collected
from the arrival station before it is collected from the departure station.

In the opposite situation, this means that the journey time and/or the
arrival parameter is very low compared to the departure parameter. This
means that it is highly probable that the vehicle will be collected from the

departure station before it is collected from the arrival station.

The design step can also take into account the balancing time by at
least one iteration of the following steps:

- determining the maximum balancing time from the balancing
times calculated,
- determining the departure and arrival stations with which said
maximum balancing time is associated and selecting these
associated stations,
- excluding said stations from the departure and arrival lists,
- updating the number of vehicles at the departure and arrival

stations as if the movement had already taken place.

Thus, the method according to the invention makes it possible to

prioritize the balancing operations with the shortest balancing time.
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Advantageously, the design step can comprise a step of selecting an
operator to carry out a vehicle movement, said selection comprising the
following steps:
- determining the geographical position of each available
operator;
- as a function of said geographical position, determining the
operator closest to the departure station involved in said
movement;
- sending a message to said closest operator to inform him of the
task to be carried out;
- updating the status of the operator to unavailable.

Thus, the method according to the invention makes it possible to
select the operator closest to the departure station involved in the vehicle
movement operation. The method according to the invention therefore
makes it possible to minimize the travel time of an available operator to the

departure station.

According to another aspect of the invention, a rebalancing system for
collection/return stations of vehicles made available for shared use is
proposed, said system comprising:

- means for detecting each vehicle departure from and arrival at
the station, for example presence sensors in each of the parking
spaces at the station, such as cameras or sensors inserted in the
charging cable of the vehicle in the case of electric vehicles;

- means for determining, for each station, the following
parameters:

* a number of vehicles available,

* a waiting time of the vehicle at the station, such as
sensors detecting the arrival time or date of each vehicle
and the departure time or date of a vehicle;

- means for storing data relating to the waiting times in
association with an item of time data;
- means for determining an average waiting time for each station

as a function of the data stored in association with a given time
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slot, comprising for example calculation means receiving the data
from each station and configured to calculate the average waiting
time;

- means for storing the average waiting time determined;
- means for filtering the stations to be balanced as a function of
said parameters, said filtering providing:
= a first list, said departure station list, and
= a second list, said arrival station list; and
- means for designing at least one vehicle movement operation

between a station on the first list and a station on the second list.

The filtering means and/or the designing means can comprise:
- one or more calculation means configured/programmed to
calculate desired data, such as those described above, using
previously entered equations, such as those set out above;
- means, such as geolocation means, carried by the operators on
the ground to determine and provide information relating to the

position of each operator.

Advantageously, some or all of the -calculation means can be

centralized at a central site connected to each station and each operator.

According to another aspect of the invention, a facility for the shared
use of vehicles is proposed, in particular an automated vehicle rental facility,
said facility comprising:

- a plurality of vehicle collection/return stations; and

- means for implementing the steps of the rebalancing method
according to the invention, or a rebalancing system according to
the invention.

Other advantages and characteristics of the invention will become
apparent on examination of the detailed description of embodiments which

are in no way limitative, and the attached diagrams, in which:
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- Figure 1 is a diagrammatic representation of a vehicle rental facility
implementing the method according to the invention; and

- Figures 2-7 are diagrammatic representations in the form of
diagrams of an embodiment of the method according to the

invention.

Of course, the embodiments described below are in no way limitative.
In particular, variants of the invention can be considered comprising only a
selection of the characteristics described hereinafter, in isolation from the
other characteristics described, if this selection of characteristics is sufficient
to confer a technical advantage or to differentiate the invention with respect
to the state of the art. This selection comprises at least one, preferably
functional, characteristic without structural details, or with only a part of the
structural details if this part alone is sufficient to confer a technical
advantage or to differentiate the invention with respect to the state of the
prior art.

In particular, all the variants and embodiments described can be
combined together if there is no objection to this combination from a

technical point of view.

In the figures and in the following description, elements common to

several figures have the same reference.

The examples described below relate to the automated rental of

electric cars at several rental sites.

FIGURE 1 is a diagrammatic representation of a facility for the shared
use of vehicles, such as for example in the context of automated electric
vehicle rental, implementing the method according to the invention.

The facility 100 shown in Figure 1 comprises a central site 102 and
several stations 104,-104, enabling users to collect or return vehicles. The
central site 102 is connected to each of the stations by means of a wireless
communications network 106, for example GPRS, or a wired network, for

example of the DSL or LAN type. Preferably, each station 104 is connected
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to the central site by mean of the two separate networks, which enables
continuous connection even if one of the networks fails.

Each station 104 comprises a management terminal 110 for managing
the station, such as for example a vehicle rental terminal, and several
charging terminals 112-116, each charging terminal being provided for
charging a vehicle equipped with an electric battery in a parking space,
namely the parking spaces 118-122.

Some stations 104 also comprise a subscription terminal 108 for
registering new subscribers.

Each parking space 118-122 at a station 104 comprises a presence
detector module 124-128, namely weighing means, a camera and/or a
vehicle electrical connection detector, connected to the management
terminal 110 of the station 104, to detect the presence or absence of a
vehicle in a parking space 118-122, and therefore the departure of a vehicle
from the station 104 and the arrival of a vehicle at the station 104. The
management terminal 110 is programmed to record the times and dates of
vehicle arrivals at and departures from the station 104.

The central site 102 can be connected directly to each of the
management terminals 110 at a rental site 104 by means of the network
106 and/or to the charging terminals 112-116.

The central site 102 comprises a central management server 132, a
calculation and analysis module 134, known as central, a communications
module 136, known as central, and a database 138 in which the number of
vehicles available at that station and the arrival and departure times (dates)
of the vehicles at that station are stored in association with each station 104
identifier.

The facility 100 also comprises geolocation and communications
modules 140,-140,,, for example smartphones or GPS beacons, carried by
operators 142:-142, located in the zone covered by the facility 100 by

means of a wireless communications network 144.

The calculation and analysis module 134 is configured to calculate, for
each station and as a function of the data sent by the station and predefined

equations, the following data:
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» the number of vehicles available at the station,
= the average waiting time of the vehicle at the station,
which corresponds to the period between a return of the
vehicle and a subsequent collection, and the average
return time, which corresponds to the period between a
vehicle collection and a subsequent return, for a given
time slot,
*» the number of vehicles in a set, known as a zone,
comprising the stations closest to said station, and
= the flow, as a function of the average waiting time and
the average return time;
and to store these data in the database 138 in association with the station
identifier.

The calculation and analysis module 134 is also configured to place
one or more stations 104 on the list of stations to be supplied or the list of
stations to be relieved, again as a function of the data sent by the stations.

The calculation and analysis module 134 is also configured to calculate
an occupancy rate for each station 104 placed on the list of stations to be
supplied, and a relief rate for each station on the list of stations to be
relieved, again as a function of the data sent by the stations.

The calculation and analysis module 134 is also configured to:

- select stations placed on the list of stations to be relieved as
departure stations,

- select stations placed on the list of stations to be supplied as
arrival stations,

- calculate the balancing times between each departure station
and each arrival station,

- determine the closest operators for each departure station, and
- select the vehicle movement operations by allocating a vehicle
movement to each available operator as a function of the
operator's position and the balancing time.

The facility 100 makes it possible to manage a plurality of electric
vehicles made available for shared use, for example in the context of rental.

Users are capable of interacting with the various terminals and with the



10

15

20

25

30

- 18 -
various elements of the vehicles and the operators are intended to intervene
on the vehicles with a view to carrying out rebalancing tasks.

Alternatively, the calculation and analysis module 134 can be replaced
by a plurality of calculation and analysis modules each dedicated to
calculating a parameter or carrying out a calculation or analysis operation

from those described above.

FIGURES 2-7 are a diagrammatic representation in the form of a
diagram of the various steps of a method for rebalancing the vehicle
collection/return stations of a facility for the shared use of vehicles according
to the invention.

FIGURE 2 is a general view of an example of the method according to
the invention and FIGURES 3-6 are detailed views of various steps of the
method shown in FIGURE 2.

The method 200 shown in FIGURE 2 comprises a step 202 of
gathering data from each of the stations in the facility. This data gathering
step takes place in real time and the data are gathered continuously.

Step 202 is followed by a step 204 of determining various parameters
for each of the stations. During this step 204, the parameters determined
for each station comprise:

- the average waiting time,

- optionally, the average return time,

- the number of vehicles at the station in question,

- the zone associated with the station and the total number of
vehicles in the zone, and

- the flow associated with the station.

The value of each of these parameters is stored in association with
the station identifier.

This step 204 is followed by a filtering step 206, which supplies
several lists: on the one hand, a list of stations to be relieved and a list of
departure stations prepared from the list of stations to be relieved, and on
the other hand, a list of stations to be supplied and a list of arrival stations
prepared from the list of stations to be supplied.

This filtering step comprises:
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- a first step 208 of selecting the stations to determine the
stations that form part of the lists of stations to be relieved and
stations to be supplied,

- a second step 210 of selecting the departure stations, in
particular from the stations to be relieved, and the arrival
stations, in particular from the stations to be supplied.

The filtering step 206 is followed by a step 212 of designing the
vehicle movement operations, which comprises the selection of the vehicle
movement operations to be carried out as a function of the balancing time
and the operators to carry out these movements in relation to their
geographical location.

In the present example, the method 200 ends with a step 214 of
moving vehicles.

Steps 204 to 214 are carried out at a predetermined frequency or at

the request of a supervisor.

FIGURE 3 is a diagrammatic representation in the form of a diagram
of the data gathering step 202.

Step 202 starts with a step 302 of a vehicle arriving at or departing
from the station.

The arrival or departure of a vehicle is detected during a step 304.

Step 306 determines the time and date of arrival or departure of a
vehicle by consulting a clock.

The data relating to the time or date are sent to a remote site during
a step 308, optionally in association with an item of data identifying the
station and the vehicle in question.

The remote site stores these data in a database, in association with a
station identifier, during a step 310.

This step 202 is carried out each time a vehicle arrives at or departs

from each station in the facility.

FIGURE 4 is a diagrammatic representation in the form of a diagram

of the step 204 of calculating parameters associated with each station.



10

15

20

25

30

- 20 -
Step 204 is carried out either at a predetermined frequency or at the
request of an operator, in particular intended to supervise the fleet as a
whole.
Step 204 comprises a step 402 of reading the current time on a clock.
As a function of the current time, a step 404 determines a
comparative time slot as a function of a predefined rule, such as for
example:

Time slot = Current time + 5 hours.

During a step 406, all of the data relating to the departures and
arrivals at each station from a given date, for example the 30 days
preceding the day on which the procedure is implemented, previously stored
for this time slot, are loaded from a database. These data form a statistical
sample on the basis of which it is possible to model the behaviour of the
station.

Furthermore, in an embodiment of the method, it is possible for each
waiting time to also be associated with one or more criteria such as the type
of day (for example, weekday, weekend or school term or school holidays),
the data chosen for the average waiting time being those associated with
the same criteria as at the time when the method is implemented.

As a function of the data loaded, a step 408 determines the number of
vehicles at station i at the current time, referred to as NVS,, also as a
function of the vehicle departure and arrival times stored for the station.

A step 410 determines the average waiting time, referred to as AWT;,,
for station i, calculated by finding the average of the periods between
consecutive collection and return of vehicles in the time slot. This waiting
time can be determined in a different manner from the one described, in
particular only when there is one vehicle left at the station, or as the time
between two rentals.

Steps 408 and 410 can be carried out one after the other or at the
same time.

Then, a step 412 determines the total number of vehicles, referred to
as NVZ, in a zone previously associated with the station by adding up the

vehicles located at all of the stations in the zone. To this end, step 412
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determines the zone i associated with station i, that is, all of the stations
forming zone i, namely in the example station i and the four stations closest
to station i, loads the data relating to each of these stations, determines the
number of vehicles at each of these stations and adds up the numbers of
vehicles located at each of the stations forming zone i.

Then, a step 414 determines the flow, referred to as F, associated
with station i, according to the following equation:

ol 1
AWT, ATTA,

where ATTA,; is the average return time between a collection and a
subsequent return to station /.

The values obtained for the various parameters, namely the
parameters NVS;, AWT,;,, NVZ; and F;, are stored in a database in association
with a station identifier during a step 416.

Steps 406 to 412 are carried out for each of the n stations in the

facility.

FIGURE 5 is a diagrammatic representation in the form of a diagram
of the step 208 of selecting the stations from the lists to be supplied and
relieved.

Selection step 208 is carried out for each of the n stations in the
facility.

It comprises a step 502 of comparing the total number of vehicles
NVZ; in zone i associated with station i to a first threshold THRESHOLD1.

If NVZ,>THRESHOLD1, a step 504 determines the occupancy rate OR;
associated with this station according to the following equation:

OR. = AWT, x NVS,

Station i is added to a list of stations to be relieved during a step 506,
as this means that there are too many vehicles in the zone.

If during step 502, NVZ,<THRESHOLD1, then a step 508 compares
NVZ to a second threshold THRESHOLD2, where
THRESHOLD2<THRESHOLD1.
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If NVZ,<THRESHOLD2 then a step 510 determines the value of a relief
rate, referred to as RR;, for the station according to the following equation:

RR, = AWT, x(NVS, +1)

Station i is added to a list of stations to be supplied during a step 512,
as this means that there are not enough vehicles in the zone.

If during step 508, NVZ>THRESHOLD2, then station i is excluded
from the rest of the method during a step 514. The zone is considered to

have an average supply of vehicles and therefore not need rebalancing.

FIGURE 6 is a diagrammatic representation in the form of a diagram
of the step 210 of selecting the departure stations and arrival stations.

This step 210 comprises a step 602 of testing, for each of the n
stations in the facility, whether that station has been excluded from the rest
of the procedure, for example during step 514.

If the station is excluded, then the next station is tested.

If the station is not excluded, a step 604 compares the flow F
calculated for this station to one or more predetermined thresholds. For
example, the flow can be compared to two predetermined thresholds to find
out whether the flow F; is around the value of zero.

If the comparison is not verified, a step 606 determines whether the
flow is below a negative threshold value.

If this is the case, then a step 608 adds this station to a list of
departure stations. This means that many more vehicles arrive at the station
than leave again, and vehicles should therefore be removed from the
station. If not, the next station is tested.

If during step 604, the comparison is verified, this means that the
flow is around zero or positive. In this case, the station is excluded from the
rest of the procedure during a step 610. This means that the return time
and the waiting time are equivalent, and the station is therefore self-
regulating and does not need rebalancing. The next station is tested.

When all of the stations i have been tested, a step 612 is carried out
to determine the number "m" of available operators.

A step 614 determines the number of stations already included on the

list of departure stations, for example during step 608. As a function of this
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number and the number m of available operators, a number "m'™ of
operators remaining is determined during a step 616.

During a step 618, the list of stations to be relieved, made during step
506, is tested to determine the station with the highest occupancy rate OR.

During a step 620, the corresponding station is added to the list of
departure stations.

The occupancy rate associated with the added station is updated as if
a vehicle had been removed from it, during a step 622.

Then steps 618-622 are iterated until there are as many departure
stations as free operators, or until there are no more stations on the list of
stations to be relieved before the number "m' of operators remaining is
reached.

Then, during a step 624, the list of stations to be supplied, made
during step 512, is tested to determine the station with the lowest relief rate
RR.

During a step 626, the corresponding station is added to a list of
arrival stations.

The relief rate associated with the station added to the list of arrival
stations is updated as if a vehicle had been added to it, during a step 628.

Then steps 624-628 are iterated until there are as many arrival
stations as free operators, or until there are no more stations on the list of
stations to be supplied if the number of available operators is greater than

the number of balancing operations.

FIGURE 7 is a diagrammatic representation in the form of a diagram
of the step 212 of selecting the vehicle movements and the operators to
carry out these movements.

Step 212 comprises a step 702 of calculating a departure parameter
for each of the stations on the list of departure stations. The departure

parameter is calculated according to the following equation:

1
bF: = 1 Z

( Tk
xNVZ,

— )+ px
AT <nvs ) F (ZAWTk )

where:

- pis the probability of return to at least one closest station,
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-k is the number of stations in the zone associated with station i,
- NVZ, is the number of vehicles in the zone associated with station k,
and

- V=1 if station k is empty and V,=0 if not.

Then a step 704 determines an arrival parameter for each of the
stations on the list of arrival stations. The arrival parameter is calculated
according to the following equation:

AP, = 1

Vk
)+ px(Q.
AWT, x(NVS, +1) AWT, x(NVZ, +1)

( )

where:
- pis the probability of return to at least one closest station,
-k is the number of stations in the zone associated with station /,
- NVZ, is the number of vehicles in the zone associated with station k,
and

- V=1 if station k is empty and V=0 if not.

It will be noted that the stations on the departure list could be
determined using these parameters. However, this would require more
powerful calculation means.

During a step 706, the balancing times BT,.; between each departure

(N
station i on the list of departure stations (made during steps 608 and 620)
and each arrival station j on the list of arrival stations (made during step
628) are calculated according to the following equation
BT, =DP,—(JT,,,x AP)
where:
- DP; is the departure parameter of departure station /,
AP; is the arrival parameter of station j, and

- JTi, is the journey time from station / to station j.
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During step 708, the maximum balancing time BTi,; max is selected
from all of the balancing times calculated. This corresponds to the best
balance.

During a step 710, the departure station and the arrival station with
which the maximum balancing time BTi; max iS associated are respectively
excluded from the list of departure stations and the list of arrival stations.

During a step 712, the various parameters, in particular the number
of vehicles at the departure and arrival stations, are updated for the
remaining stations on the lists of departure and arrival stations, as if a
balancing operation had been carried out between the stations selected
during step 710.

It will be noted that it is therefore possible for the same station to
appear several times on the list of departure or arrival stations.

Step 714 determines the geographical positions of each of the m
available operators.

During a step 716, the operator closest to the departure station
selected during step 710 is determined.

A step 718 sends a message allocating the operation to move a
vehicle from the departure station in question to the arrival station in
guestion to the closest operator.

Steps 708 to 718 are iterated until all of the operators are allocated to
a vehicle movement operation or there are no more departure stations or
arrival stations on the lists of departure stations and arrival stations, if the
number of available operators is greater than the number of balancing

operations.

Of course, the invention is not limited to the examples that have just
been described.
For example, the following modifications can be made:
- the vehicles used are not necessarily electric vehicles and are
therefore not necessarily connected to a charging terminal,
— the departure and arrival parameters or selection from the list

of stations to be relieved or supplied are not necessarily
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determined as a function of the neighbouring stations of the
station,

some of the criteria described above can be optional: for
example, the flow parameter could easily not be taken into
account,

the time slots can also be chosen differently (with the slots not
necessarily being rolling),

the various thresholds used, in particular for the number of
vehicles, can be fixed or variable depending on the zone and
the maximum capacity envisaged for the stations. They can
also be expressed as absolute or relative values,

the waiting and return times can also be different from those
chosen, provided that these parameters are chosen

consistently.
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CLAIMS

1. A method (200) for rebalancing stations (104) for coIIecting/retLjrning
vehicles made available for shared use, said method (200) comprising
the following steps:

- for each station, detecting (202) each vehicle departure from
and arrival at said station and storing (202) the data relating to
said station in association with an item of time data,
- for each station (104), determining:

= a number of vehicles available at said station (104),

* a waiting time of each vehicle at said station (104), and
- determining (204) and storing an average waiting time for each
station as a function of the data stored in association with a given
time slot,
- filtering (206) the stations (104) as a function of the number of
vehicles available at the station and the average waiting time, said
filtering (206) providing:

» a first list, said departure station list, and

= a second list, said arrival station list,
- designing (208) at least one vehicle movement operation
between a station on the first list and a station on the second list,
and

- carrying out (214) at least one vehicle movement operation.

2. The method (200) according to claim 1, characterized in that the waiting
time corresponds to a period between a return of a vehicle to said station

and a collection of a vehicle from said station subsequent to said return.

3. The method (200) according to claim 2, characterized in that at least one
of the filtering or design steps (212) is carried out by taking into account,
for each station, at least one item of data relating to at least one

neighbouring station of said station, the data or one of the items of data
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being a number of vehicles in a set, a zone, comprising said station and the

stations closest to it.

4. The method (200) according to claim 3, characterized in that a zone is
defined as comprising:

- all of the stations located at a distance and/or predetermined journey
time as a function of the station in relation to which it is determined;
or

- a predetermined number of stations closest to the station in relation

to which it is determined.

5. The method (200) according to claim 3 or claim 4, characterized in that
the filtering (206) comprises the following steps carried out for at least one,
preferably each, station (104):
- comparing (502) the total number of vehicles at the station or
in the zone associated with said station (104) to a first threshold;
- when said total number is above said first threshold, adding
(506) said station (104) to a list, said list of stations to be
relieved;
- comparing (508) said total number to a second threshold, lower
than said first threshold;
- when said total number is below said second threshold, adding

(512) said station to a list, said list of stations to be supplied.

6. The method (200) according to claim 5, characterized in that it comprises
a determination (504), for at least one station (104), in particular each
station on the list of stations to be relieved, of a parameter, said occupancy
rate, as a function of:
- the number of vehicles available at the station (104), and
- the average waiting time for a given time slot at said station
(104);
the filtering step being carried out taking into account the value of said

occupancy rate.



10

15

20

25

30

- 29 -

7. The method (200) according to claim 6, characterized in that the filtering
step (206) comprises a step of selecting (210) departure stations, in
particular from the list of stations to be relieved as a function of the
occupancy rate, said selection step comprising the following steps:

- determining (612-616) a number of operators (142) available

for moving a vehicle;

- for each operator (142) available, by successive iterations:

» determining (618) the station, in particular on the list of
stations to be relieved, with the highest associated
occupancy rate;

» adding (620) said station to the list of departure stations;

» updating (622) the occupancy rate associated with said
selected station by subtracting one vehicle from the

number of vehicles available at said station.

8. The method (200) according to claim 7, characterized in that it also
comprises the determination (414) of a parameter, said flow, as a function
of the average waiting time and an average time, said return time,
corresponding to the average time between the collection of a vehicle and
the subsequent return of a vehicle to the station, the flow corresponding in
particular to the inverse of the average waiting time minus the inverse of
the average return time, the filtering step (206) comprising the selection
(210) of at least one departure station as a function of said flow, said
selection comprising at least one iteration of the following steps:

- comparing (606) the flow associated with a station (104) to a

first threshold, in particular negative;

- when said flow is below said first threshold, adding (608) said

station to the list of departure stations.

9. The method (200) according to claim 8, characterized in that the selection
step (608) as a function of the flow is carried out before the step (612-616)
of determining the number of available operators, the number of available
operators taking into account the number of stations at which the flow is

below said threshold.
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10. The method (200) according to any one of claims 5-7, characterized in
that it also comprises the determination (414) of a parameter, said flow, as
a function of the average waiting time and an average time, said return
time, corresponding to the average time between the collection of a vehicle
and the subsequent return of a vehicle to the station, the flow corresponding
in particular to the inverse of the average waiting time minus the inverse of
the average return time, the filtering step comprising at least one iteration
of the following steps:

- comparing (604) said flow with a value range;

- when said flow is within the value range, excluding (610) said

station from the list of stations to be relieved or supplied.

11. The method (200) according to claim 6 or 7, characterized in that it
comprises the determination (510), for at least one station (104), in
particular each station on the list of stations to be supplied, of a parameter,
said relief rate, as a function of:
- the number of vehicles available at the station (104), and
- the average waiting time for a given time slot at said station
(104);
the filtering step being carried out taking into account the value of said relief

rate.

12. The method (200) according to the preceding claim, characterized in
that the filtering step (206) comprises a step of selecting (210) arrival
stations, in particular from the list of stations to be supplied, as a function of
the relief rate, said selection step comprising the following steps:
- determining (612) a number of operators (142) available for
moving a vehicle;
- for each available operator (142), by successive iterations:
» determining (624) the station, in particular on the list of
stations to be supplied, with the lowest associated relief
rate;

*» adding (626) said station to the list of arrival stations;
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= updating (628) the relief rate associated with said
selected station by adding one vehicle to the number of

vehicles available at said station.

13. The method (200) according to claims 11 or 12, characterized in that
the design step comprises a step (212) of determining a balancing time,
carried out before the movement step (214), comprising the following
operations, carried out by successive iterations:
- for each station on the list of departure stations, determining
(702) a parameter, said departure parameter, as a function at
least of the occupancy rate;
- for each station on the list of arrival stations, determining (704)
a parameter, said arrival parameter, as a function at least of the
relief rate;
- calculating (706) the balancing time between each of the
stations on the departure station list and each of the stations on
the arrival station list, as a function of said departure and arrival
parameters and a journey time between said departure and arrival
stations; and
- selecting the movements as a function of the balancing times

respectively calculated.

14. The method (200) according to claim 13, characterized in that:
- the departure parameter is also calculated as a function of a
probability of transfer to at least one closer station, in particular to
all of the stations in the zone associated with said station; and/or
- the arrival parameter is also calculated as a function of a
probability of transfer to at least one closer station, in particular to

all of the stations in the zone associated with said station.

15. The method (200) according to claim 13 or claim 14, characterized in
that the design step (208) takes into account the balancing time by at least

one iteration of the following steps:



10

15

20

25

30

-32-
- determining (708) the maximum balancing time from the
balancing times calculated;

- determining (708) the departure and arrival stations with which
said maximum balancing time is associated and selecting these
stations;

- excluding the stations from the departure and arrival lists;

- updating the number of vehicles at the departure and arrival

stations as if the movement had already taken place.

16. The method (200) according to any one of the preceding claims,
characterized in that the design step (208) comprises a step of selecting an
operator to carry out a vehicle movement, said selection comprising the
following steps:
- determining (714) the geographical position of each available
operator;
- as a function of said geographical position, determining (716)
the operator closest to the departure station involved in said
movement;
- sending (718) a message to said closest operator to inform him
of the task to be carried out;

- updating the status of the operator to unavailable.

17. The method (200) according to any one of the preceding claims,
characterized in that the time slot is a rolling time slot, the range of which is

predetermined and calculated as a function of the current time.

18. The method (200) according to any one of the preceding claims,
characterized in that the waiting times stored are associated with at least
one criterion, with only the waiting times associated with this criterion being
used to calculate the average waiting time.

19. The method (200) according to claim 18, wherein the criterion is the

type of day.
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20. A system for rebalancing stations (104) for collecting/returning vehicles

made available for shared use, said system comprising:

10

15

20

25

- means (124-128) for detecting each departure and each arrival
of a vehicle at the station,
- means (132, 134) for determining, for each station, the
following parameters:

» a number of vehicles available,

* a waiting time of each vehicle at the station,
- means (138) for storing data relating to the waiting time in
association with an item of time data,
- means (132, 134) for determining an average waiting time as a
function of the data stored in association with a given time slot,
- means (138) for storing the average waiting time determined,
- means (134, 138) for filtering the stations to be balanced as a
function of said parameters, said filtering providing:

= a first list, said departure station list, and

= a second list, said arrival station list, and
- means (134, 138) for designing at least one vehicle movement
operation between a station on the first list and a station on the

second list.

21. A facility (100) for the shared use of vehicles, said facility (100)

comprising:

- a plurality of vehicle collection/return stations (104); and
- means for implementing the steps of the rebalancing method
(200) according to any one of claims 1 to 19, or a rebalancing

system according to claim 20.



