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COMPUTER-IMPLEMENTED METHOD FOR CONTROLLING A DISTRIBUTION
OF CHARGED BATTERIES IN A SYSTEM COMPRISING LOCALLY
DISTRIBUTED STATIONS FOR PROVIDING EXCHANGE BATTERIES

The present invention relates to a computer-implemented method for controlling a distribution
of charged batteries in a system comprising locally distributed stations for providing exchange

batteries and entities each comprising one or more battery slots; and to such a system.

The European patent application EP 21 215 372.0 describes an electric vehicle dial-a-ride
system. The European patent application EP 22 217 291.8 describes a prediction-based battery

swapping charging control with pre-charge battery levels.

Nowadays there is a clear trend towards electrified mobility. For this there is a strong need for
convenient and fast refilling of electrical vehicles as people are used to with vehicles using fossil
fuel for driving. An electrical vehicle may be understood as a vehicle comprising one or more
batteries for providing electrical power for propulsion of the vehicle. The change towards
electrified mobility requires a change in infrastructure. While fossil fuel power vehicles and
machines may be filled up quickly at gas stations, electric vehicles and machines need to be
either recharged comparatively slowly at a charging station or swap/replace their discharged
(empty) one or more batteries with one or more charged batteries (e.g. recharged batteries) at a

station that may be referred to as “battery swapping station” or “battery exchange station”.

Battery exchange stations allow a faster refilling with electrical energy of an electrical vehicle
(i.e. providing the vehicle with one or more charged batteries) compared to stations for recharg-
ing the electrical vehicle’s one or more batteries. That is, battery swapping has the great ad-
vantage of speed compared to charging. Battery exchange stations may be used for lightweight
electrified mobility, i.e. lightweight electrical vehicles, like electrical scooters, electrical bicycles,

electrical motorbikes etc.

The location of battery exchange stations is to be planned with great care in order to provide
convenient and fast refilling of electrical vehicles at locations where there is a high demand. The
stations are to be large enough (i.e. number of charged batteries provided at a station at a time
should be large enough) to meet respective demands, but also should not be larger than neces-
sary to avoid unnecessary cost and to be price competitive to other solutions. Thus, planning the
location of these stations may be optimized under the light of mobility data. For example, in
case mobility data indicate in an area a high mobility rate, the probability of a larger amount of
vehicles needing to swap one or more of its batteries is higher in this area. As a result there will

be a higher demand for charged batteries in the aforementioned area, which may be taken into
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consideration when planning locations of battery exchange stations. However, even a careful
planning of the locations of battery exchange stations may not prevent a certain risk that the
positions of the stations is not optimal, or the stations are not able to meet the demand for
charged batteries at all times, e.g. because the behavior of people and/or the extend of electri-

fied mobility changes. On the other hand, there may be stations that are underutilized.

Therefore, it is an object of the present invention to provide a computer-implemented method
that may mitigate the above described disadvantages. It is in particular an object of the present
invention to provide a computer-implemented method that may optimize usage of charged

batteries in a system comprising locally distributed stations for providing exchange batteries.

These and other objects, which become apparent upon reading the following description, are
solved by the subject-matter of the independent claims. The dependent claims refer to preferred

embodiments of the invention.

According to a first aspect of the invention, a computer-implemented method for controlling a
distribution of charged batteries in a system is provided. The system comprises locally distrib-
uted stations for providing exchange batteries, and entities each comprising one or more battery
slots. The method comprises monitoring an amount of charged batteries of each of the stations;
and monitoring a demanded amount of charged batteries of each of the stations. The method
comprises computing a re-distribution of the charged batteries in the system using the moni-
tored amount of charged batteries of each of the stations and the monitored demanded amount
of charged batteries of each of the stations. The method comprises providing a command to a
communication entity associated with an entity of the entities to perform at least a part of the

computed re-distribution of the charged batteries in the system.

In other words, the first aspect of this invention proposes a computer-implemented method
allowing to mitigate the above described disadvantages by monitoring a demand (i.e. monitor-
ing the demanded amount of charged batteries) and capabilities (i.e. monitoring the amount of
charged batteries) of each of the stations with regard to charged batteries and computing based
on the aforementioned monitoring a re-distribution of the charged batteries. This allows re-
distribution of the charged batteries in the system. For example, this allows a physical re-
location of charged batteries, according to the computed re-distribution of the charged batter-
ies, from underutilized stations to stations with high demand for charged batteries. Such re-
location allows the stations of the system to be better utilized and peak loads in demand for
charged batteries may be compensated or distributed. Therefore, the method of the first aspect

allows optimizing usage of charged batteries in the system.
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The terms “arrangement” and “re-arrangement” may be used as synonyms for the terms
“distribution” and “re-distribution”, respectively. The re-distribution of the charged batteries
may be a re-location of the charged batteries. Computing the re-distribution of the charged
batteries may comprise or may be planning a re-distribution of the charged batteries, i.e.

generating a plan according to which the charged batteries are to be re-distributed.

Each of the one or more battery slots of an entity may be configured to accommodate a battery.
The terms “hold”, “carry” and “transport” may be used instead of the term “accommodate”. The
entities of the system may comprise at least one of one or more autonomous vehicles, one or
more autonomous robots, one or more vehicles each operated by a human, and one or more
robots each operated by a human. The vehicles may comprise at least one of one or more
scooters, one or more motorcycles, one or more bicycles, one or more boats, one or more cars,
one or more buses, one or more trucks, one or more planes, and one or more flying drones. In
other words, the vehicle may be configured to move on land, on water and/or in the air. The one
or more vehicles may be one or more electrical vehicles, i.e. electrical powered vehicles. The one
or more robots may be one or more electrical robots, i.e. electrical powered robots. The entities
may be configured to move (e.g. between at least two stations of the stations, near one or more
stations and/or passing by one or more stations). The entities may be referred to as “mobile

entities” or “movable entities”.

The stations may be referred to as “battery exchange stations” or “battery swapping stations”.
The passage “locally distributed stations” means that the stations of the system are arranged at
different locations (within an area for which the system is configured to provide a battery
swapping function). The passage “amount of charged batteries of a station” may be understood
as the amount of charged batteries that are available at the station. The passage “demanded
amount of charged batteries of a station” may be understood as the amount of charged batteries
that are demanded/requested at the station. Each station may comprise battery slots for storing
batteries. The greater the number of battery slots of a station the greater the number of batteries
that may be stored by the station. One or more stations, optionally each station, of the stations
may be configured to charge the batteries stored at the station or a part of the batteries stored at

the station.

Monitoring an amount of charged batteries of each of the stations may comprise determining at
fixed time intervals (e.g. every minute, every five minute, every ten minute etc.) the amount of
charged batteries of each station of the stations and optionally storing the determination
results. Monitoring a demanded amount of charged batteries of each of the stations may

comprise determining at fixed time intervals (e.g. every minute, every five minutes, every ten
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minutes etc.) the demanded amount of charged batteries of each station of the stations and

optionally storing the determination results.

Computing a re-distribution of the charged batteries in the system using the monitored amount
of charged batteries of each of the stations and the monitored demanded amount of charged
batteries of each of the stations may comprise computing at fixed time intervals (e.g. every
minute, every five minute, every ten minute etc.) the re-distribution of the charged batteries in
the system and optionally storing the computation results. Providing a command to a commu-
nication entity associated with an entity of the entities to perform at least a part of the comput-
ed re-distribution of the charged batteries in the system may comprise providing the command
in response to a computation (e.g. re-computation) of the re-distribution of the charged

batteries in the system.

Data of each station of the stations, such as one or more of location data (e.g. GPS data) of the
station, opening hours of the station, maximum number of batteries that may be stored at the
station and a maximum combined charging power of the batteries stored at the station, may be
used for computing the re-distribution of the charged batteries in the system. Further, the
method may comprise monitoring at least one of the following information of each of the
stations: amount of batteries of the station without failure (i.e. amount of functional batteries),
a charging level of each battery of the station and planned or predicted charging level of the
batteries of the station for one or more time periods in the future, such as for the next hour,
next two hours, next four hours and/or next day. The aforementioned monitoring may be
understood as determining at fixed time intervals (e.g. every minute, every five minute, every
ten minute etc.) the aforementioned information of each station of the stations and optionally
storing the determination results. The method may use the aforementioned information for
computing the re-distribution of the charged batteries in the system. The term “state of charge
(SOC)” may be used as a synonym for the term “charging level”. Thus, a battery with a high
charging level has a high SOC and a battery with a low charging level has alow SOC. The SOC of
a battery may be a percentage of a full charge capacity of the battery.

Providing the command to the communication entity associated with the entity may comprise a
wired and/or wireless communication. In other words, this may be understood as controlling a
wired and/or wireless communication of the command to the communication entity associated
with the entity. The passage “communication entity associated with the entity” may refer to a
communication entity that is part of the entity, or a communication entity that is not part of the

entity and configured to trigger a control of the entity according to the command.
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For example, in case the entity is a vehicle or a robot, the communication entity may be a
communication unit of the vehicle or robot configured to (e.g. wirelessly) receive the command.
In case the vehicle or the robot is an autonomous vehicle or autonomous robot, respectively, the
communication unit may provide the received command to a control unit of the vehicle or the
robot for controlling the vehicle or the robot according to the received command. In case the
vehicle or the robot is operated by a human, the communication entity may provide the received
command in the vehicle or the robot, such that the information of the command is output, e.g.
visually output, auditory output, by a respective output unit, e.g. a screen, a loud speaker etc., of
the vehicle or robot to the human operating the vehicle or the robot. This allows the human to

operate the vehicle or robot according to the command.

Alternatively, in case the entity is a vehicle or a robot, the communication entity may be a
communication unit that is not part of the vehicle or robot. For example, assuming that the
vehicle or robot is operated by a human, a communication unit of the human (e.g. carried by the
human), such as a mobile phone (e.g. smart phone), a pager, a headset etc., may be the commu-
nication unit associated with the vehicle or robot. Namely, the communication unit of the
human may (e.g. wirelessly) receive the command and output, e.g. visually output, auditory
output etc., the information of the command to the human triggering the human to operate the
vehicle or robot according to the command. Thus, this allows triggering a control of the vehicle

or robot according to the command.

Optionally, the method comprises monitoring a state of each of the entities; and computing the
re-distribution of the charged batteries in the system using the monitored amount of charged
batteries of each of the stations, the monitored demanded amount of charged batteries of each

of the stations and the monitored state of each of the entities.

Monitoring a state of each of the entities may comprise determining at fixed time intervals (e.g.
every minute, every five minute, every ten minute etc.) the state of each entity of the entities and
optionally storing the determination results. Computing a re-distribution of the charged
batteries in the system using the monitored amount of charged batteries of each of the stations,
the monitored demanded amount of charged batteries of each of the stations and the monitored
state of each of the entities may comprise computing at fixed time intervals (e.g. every minute,
every five minute, every ten minute etc.) the re-distribution of the charged batteries in the

system using the aforementioned information and optionally storing the computation results.

Monitoring the state of each of the entities may comprise monitoring a location of each of the
entities, and/or an amount of charged batteries accommodated by the one or more battery slots

of each of the entities.
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This allows considering the charged batteries accommodated by the entities in the computation

of the re-distribution of charged batteries in the system.

Optionally, computing the re-distribution of the charged batteries in the system using the
monitored amount of charged batteries of each of the stations and the monitored demanded
amount of charged batteries of each of the stations comprises balancing the distribution of the
charged batteries such that the greater a demanded amount of charged batteries of a station the

greater the amount of charged batteries of the station and vice versa.

That is, the method may allow monitoring the stations of the system and detecting among the
stations imbalances in available charged batteries with regard to demanded charged batteries at
the stations. Computing the re-distribution of the charged batteries in the system using the
monitoring results (i.e. the monitored amount of charged batteries and monitored demanded

amount of charged batteries of each of the stations) allows mitigating the unbalance.

Computing the re-distribution of the charged batteries in the system using the monitored
amount of charged batteries of each of the stations and the monitored demanded amount of
charged batteries of each of the stations may comprise determining (e.g. detecting), using the
monitored amount of charged batteries and monitored demanded amount of charged batteries
of each of the stations, among the stations imbalances in available charged batteries (i.e. in the
amount of charged batteries) with regard to the demanded amount of charged batteries of the
respective station, and planning a re-distribution of the charged batteries in the system using

the determined imbalances.

For example, the method may comprise determining an imbalance in available charged batter-
ies of a station with regard to the demanded amount of charged batteries of the station in case
the amount of charged batteries of the station is smaller than the demanded amount of charged
batteries of the station or the amount of charged batteries of the station is greater than the
demanded amount of charged batteries of the station by an amount that is smaller than a
threshold for the amount. For example, the aforementioned threshold for the amount may be
set such that the station is configured to serve the demanded amount of charged batteries even
in case this demanded amount may increase by a certain extent and optionally such that an
amount of unused charged batteries of the station is smaller than a threshold for unused

charged batteries, e.g. the amount of unused batteries of the station is a minimum.

Monitoring a demanded amount of charged batteries of each of the stations may comprise
monitoring an actual amount of charged batteries demanded from the station and/or a predi-

cated amount of charged batteries demanded from the station.
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In other words, demands for charged batteries at the stations may be determined by different
means. The demand for charged batteries at each of the stations may be predicted, i.e. a pre-
dicted amount of charged batteries demanded from each of the stations may be monitored. In
addition or alternatively, an actual demand for charged batteries at each of the stations may be
determined, i.e. the actual demanded amount of charged batteries of each of the stations may be
monitored. The demanded amount of charged batteries of a station (i.e. the amount of charged
batteries that are demanded from the station) may be predicted using machine learning and/or
data mining technique(s) that use past data on the demanded amount of charged batteries of
the station (i.e. past demand data) and relate the data to time data, such as time of the day,
weekday and/or season. In addition or alternatively, the demanded amount of charged batteries
of the station may be predicted by having a booking system where units requiring one or more
charged batteries may inform (e.g. announce) about requirements for battery exchange (e.g. by
booking one or more charged batteries for a certain point in time or time slot). The aforemen-
tioned units may comprise the entities and users of the entities. Monitoring the actual amount
of charged batteries demanded from a station may comprise measuring the actual demand (e.g.
measuring/determining an actual rate at which charged batteries leave the station). In other
words, monitoring the actual amount of charged batteries demanded from the station may
comprise measuring/determining the current state of the station with regard to charged

batteries.

Optionally, computing the re-distribution of the charged batteries in the system using the
monitored amount of charged batteries of each of the stations and the monitored demanded
amount of charged batteries of each of the stations comprises classifying the stations into two
classes, wherein a station of a first class of the two classes requires obtaining one or more
charged batteries for fulfilling its demanded amount of charged batteries or has a demanded
amount of charged batteries above a respective threshold and a station of a second class of the
two classes has resources for providing one or more excess charged batteries. The aforemen-
tioned computing the re-distribution of the charged batteries in the system may optionally
comprise generating a directed representation with each battery slot of each station being a
node and an edge going from each excess charged battery of each station of the second class to
each battery of each station of the first class having a charging level lower than a threshold for
qualifying as a non-empty battery; assigning a cost to each edge of the directed representation,
wherein the greater a distance the greater the cost and vice versa; and determining a distribu-
tion of the charged batteries using the directed representation with the assigned costs. The term
“smaller” may be used as a synonym for the term “lower”. The term “greater” may be used as a

synonym for the term “higher”.
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The station(s) of the first class (i.e. first class station(s)) may be referred to as “destination
station(s)” because they require one or more charged batteries and, thus, will be destination(s)
for charged batteries during the re-distribution of the charged batteries. That is, a first class
station may be a station that will have some shortage on charged batteries in future (e.g. a near
future) or that has already a shortage on charged batteries. The station(s) of the second class
(i.e. second class station(s)) may be referred to as “source station(s)” because they have re-
sources for providing one or more excess charged batteries and, thus, will be source(s) for
charged batteries during the re-distribution of the charged batteries. The terms “over-utilized
station(s)” and “under-utilized station(s)” may be used for referring to the “station(s) of the first
class” and “station(s) of the second class”, respectively. The term “sink station” may be used as a

synonym for the term “destination station”.

Each station of the stations that has a monitored amount of charged batteries that is smaller
than a threshold for the monitored amount of charged batteries may be classified as a first class

station.

In addition or alternatively, each station of the stations that has a monitored demanded amount
of charged batteries that is greater than a threshold for the monitored demanded amount of

charged batteries may be classified as a first class station.

In addition or alternatively, each station of the stations, for which the monitored amount of
charged batteries is smaller than the monitored demanded amount of charged batteries or is
greater than the monitored demanded amount of charged batteries by an amount that is smaller

than a threshold for the amount may be classified as a first class station.

In addition or alternatively, a station of the stations that has, among the stations, the smallest

monitored amount of charged batteries may be classified as a first class station.

In addition or alternatively, a station of the stations that has, among the stations, the greatest

monitored demanded amount of charged batteries may be classified as a first class station.

In addition or alternatively, a station of the stations, for which the monitored amount of
charged batteries is smaller than the monitored demanded amount of charged batteries by an
amount that is greatest among the stations or is greater than the monitored demanded amount
of charged batteries by an amount that is smallest among the stations, may be classified as a

first class station.

Optionally, two or more of the aforementioned criteria for classifying as a first class station need

to be true for a station to be classified as a first class station.
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Each station of the stations that has a monitored amount of charged batteries that is greater
than a second threshold for the monitored amount of charged batteries may be classified as a
second class station. The aforementioned threshold for the monitored amount of charged
batteries and the second threshold for the monitored amount of charged batteries may be the

same.

In addition or alternatively, each station of the stations that has a monitored demanded amount
of charged batteries that is smaller than a second threshold for the monitored demanded
amount of charged batteries may be classified as a second class station. The aforementioned
threshold for the monitored demanded amount of charged batteries and the second threshold

for the monitored demanded amount of charged batteries may be the same.

In addition or alternatively, each station of the stations, for which the monitored amount of
charged batteries is greater than the monitored demanded amount of charged batteries by an
amount that is greater than a threshold for the amount may be classified as a second class

station.

In addition or alternatively, a station of the stations that has, among the stations, the greatest

monitored amount of charged batteries may be classified as a second class station.

In addition or alternatively, a station of the stations that has, among the stations, the smallest

monitored demanded amount of charged batteries may be classified as a second class station.

In addition or alternatively, a station of the stations, for which the monitored amount of
charged batteries is greater than the monitored demanded amount of charged batteries by an

amount that is greatest among the stations, may be classified as a second class station.

Optionally, two or more of the aforementioned criteria for classifying as a second class station

need to be true for a station to be classified as a second class station.

The directed representation may comprise data representing a directed graph when the data are
visualized. In other words, the directed representation does not necessarily refer to a graphic
representation, but generally refers to data that mathematically express a relationship between

the stations of the two classes, as described above.

A battery having a charging level lower than the threshold for qualifying as a non-empty battery
may be referred to as “discharged battery” or “empty battery”.

Determining the distribution (re-distribution) of the charged batteries using the directed

representation with the assigned costs may comprise using linear programming on the directed
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representation to decide how to best distribute the charged batteries to the destination stations
(i.e. first class stations) with regard to the charged battery demands of the destination stations
and the costs (i.e. distances that need to be travelled) for the distribution. For this, the following
criteria may be used: destination stations that are more urgent (e.g. a time until the destination
station cannot serve charged battery demands is shortest or shorter than a time threshold) for
being provided with charged batteries may have a higher priority and vice versa, and optionally
distances to be travelled for re-distribution are to be minimized (the shorter the distances the

better, as it save energy and may reduce time for re-distribution).

Distances may be computed on different aspects like, Euclidian distance, travel distance, travel

time, fuel usage, accident risk probability or similarity to planned entity routes.

Optionally, the method comprises selecting the entity among the entities depending on at least
one of a location, a planned route of movement and a movement behavior of each entity of the

entities.

The movement behavior of an entity may comprise at least one of known stops of the entity,
predicted stops of the entity, known speed of movement of the entity, predicted speed of
movement of the entity. Taking into an account the location, a planned route of movement
and/or the movement behavior for selecting the entity may improve speed and energy con-
sumption of re-distribution of the charged batteries and for some cases, in which the entity may
choose to obey to the command, it may improve probability that the selected entity accepts the
command. For example, in case the command instructs the entity to transport one or more
charged batteries from a first station (source station) to a second station (destination station),
selecting one of the entities as the entity that is already near the first station and/or has a
planned route of movement near or along the path from the first station to the second station
may improve the speed and energy consumption for the re-distribution of the one or more
batteries from the first station to the second station. In case there are two entities that qualify
for the aforementioned re-distribution due to their respective location and/or their respective
planned rout of movement, selecting the entity among the two entities dependent on the
movement behavior of the two entities may improve speed of re-distribution. For example, in
case a first entity of the two entities is known to stop multiple times on the route between the
first station and a second station is less advantageous with regard to speed compared to a
second entity of the two entities that is known to move without any stops. Therefore, selecting,
due to the movement behavior, the second entity as the entity for performing the re-distribution
of the one or more batteries from the first station to the second station may improve speed of

the re-distribution (assuming that the two entities move at the same or similar speed).
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Assuming that an entity is operated by a human, selecting the entity for the aforementioned re-
distribution in case the location of the entity is near the first station and the planned route of
movement of the entity lets the entity anyway pass by the second station without any detour
increases the probability that the human accepts the commands, i.e. operates the entity in order
to perform the re-distribution of the one or more batteries from the first station to the second

station.

For example, selecting the entity among the entities depending on a planned route of movement
may comprise computing a cost of re-planning the planned route of movement of each of the
entities and considering only entities for the selection, for which the computed cost is lower
than a threshold for the cost. Optionally, selecting the entity among the entities may comprise
selecting the entity with the lowest computed cost. The cost may be with regard to an energy
consumption and/or a time taken for the re-distribution. For example, the higher the energy
consumption due to the re-planned route of movement the higher the cost and vice versa. The
higher the time taken for the re-distribution due to the re-planned route of movement the

higher the cost and vice versa.

Optionally, the command instructs the entity to perform at least one of the following: provide
one or more charged batteries from a source station of the stations to a destination station of
the stations; provide one or more charged batteries of its one or more battery slots to a destina-
tion station of the stations; and provide one or more charged batteries of its one or more battery

slots to a destination entity of the entities.

Providing a charged battery to a station or an entity may be understood as swapping the
charged battery with a battery of the station or the entity. The aforementioned battery of the
station or the entity may be either a discharged battery (i.e. a battery with a charging level equal
to or lower than a charging level threshold indicating a discharged state of the battery) or a
battery with a charging level lower than a charging level of the charged battery. The terms

“exchange” and “interchange” may be used as synonyms for the term “swap”.

Optionally, the command instructs the entity to provide one or more charged batteries from a
source station of the stations to a destination station of the stations, and the method comprises
selecting the entity among the entities such that at least one of its location, its planned route of
movement and its movement behavior is suited to at least one of a location of the source station

and a location of the destination station.

The terms “to be suited” and “to suit” may be used as synonyms. For example, the location of

the entity may be suited to the location of the source station in case the distance to be travelled
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or the travel time from the location of the entity to the location of the source station is shorter
than a respective threshold. The planned route of movement of the entity may be suited to the
location of the source station and the location of the destination station in case no re-planning
of the planned route is necessary (i.e. the planned route passes by the source station and the
destination station) and optionally the planned route is the shortest route with regard to
distance and/or travel time between the source station and the destination station or is shorter
than a threshold for distance and/or travel time. The planned route of movement of the entity
may be suited to the location of the source station and the location of the destination station in
case a re-planning of the planned route of movement necessary to perform the re-distribution of
the one or more charged batteries from the source station to the destination station results in a
total travel time from the current location of the entity via the location of the source station to
the destination station that is shorter than a respective threshold and/or in an energy consump-
tion that is lower than a respective threshold. The movement behavior of the entity may be
suited to the location of the source station and the destination station in case there are no
stopping of the entity when moving via the source station to the destination station or a number
of stopping of the entity is smaller than a respective threshold. In addition or alternatively, the
movement behavior of the entity may be suited to the location of the source station and the
destination station in case the entity moves with a speed from the source station to the destina-

tion station that is higher than a respective threshold.

Optionally, two or more of the above described criteria need to be true so that at least one of the
location, planned route of movement and movement behavior of the entity is suited to at least

one of a location of the source station and a location of the destination station.

The method may comprise selecting the entity among the entities such that at least one of its
location, its planned route of movement and its movement behavior is suited best to at least one

of a location of the source station and a location of the destination station.

For example, the location of the entity may be suited best to the location of the source station in
case the distance to be travelled or the travel time from the location of the entity to the location
of the source station is shortest among the entities. The planned route of movement of the entity
may be suited best to the location of the source station and the location of the destination
station in case no re-planning of the planned route is necessary and the planned route is the
shortest route with regard to distance and/or travel time between the source station and the
destination station. The movement behavior of the entity may be suited best to the location of
the source station and the destination station in case there are no stopping of the entity when
moving via the source station to the destination station. In addition or alternatively, the

movement behavior of the entity may be suited best to the location of the source station and the
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destination station in case the entity moves with a highest speed from the source station to the

destination station among the entities.

Optionally, two or more of the above described criteria need to be true so that at least one of the
location, planned route of movement and movement behavior of the entity is suited best to at

least one of a location of the source station and a location of the destination station.

In addition or alternatively, the command may instruct the entity to provide one or more
charged batteries of its one or more battery slots to a destination station of the stations, and the
method may comprise selecting the entity among the entities such that at least one of its
location, its planned route of movement and its movement behavior is suited to a location of the

destination station.

For example, the location of the entity may be suited to the location of the destination station in
case the distance to be travelled or the travel time from the location of the entity to the location
of the destination station is shorter than a respective threshold. The planned route of movement
of the entity may be suited to the location of the destination station in case no re-planning of the
planned route is necessary (i.e. the planned route passes by the destination station) and option-
ally the planned route is the shortest route with regard to distance and/or travel time to the
destination station or is shorter than a threshold for distance and/or travel time. The planned
route of movement of the entity may be suited to the location of the destination station in case a
re-planning of the planned route of movement necessary to provide the one or more charged
batteries to the destination station results in a total travel time from the current location of the
entity to the destination station that is shorter than a respective threshold and/or in an energy
consumption that is lower than a respective threshold. The movement behavior of the entity
may be suited to the location of the destination station in case there are no stopping of the
entity when moving to the destination station or a number of stopping of the entity is smaller
than a respective threshold. In addition or alternatively, the movement behavior of the entity
may be suited to the location of the destination station in case the entity moves with a speed to

the destination station that is higher than a respective threshold.

Optionally, two or more of the above described criteria need to be true so that at least one of the
location, planned route of movement and movement behavior of the entity is suited to a location

of the destination station.

The method may comprise selecting the entity among the entities such that at least one of its
location, its planned route of movement and its movement behavior is suited best to a location

of the destination station.
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For example, the location of the entity may be suited best to the location of the destination
station in case the distance to be travelled or the travel time from the location of the entity to
the location of the destination station is shortest among the entities. The planned route of
movement of the entity may be suited best to the location of the destination station in case no
re-planning of the planned route is necessary and the planned route is the shortest route with
regard to distance and/or travel time to the destination station. The movement behavior of the
entity may be suited best to the location of the destination station in case there are no stopping
of the entity when moving to the destination station. In addition or alternatively, the movement
behavior of the entity may be suited best to the location of the destination station in case the

entity moves with a highest speed to the destination station among the entities.

Optionally, two or more of the above described criteria need to be true so that at least one of the
location, planned route of movement and movement behavior of the entity is suited best to a

location of the destination station.

In addition or alternatively, the command may instruct the entity to provide one or more
charged batteries of its one or more battery slots to a destination entity of the entities, and the
method may comprise selecting the entity among the entities such that at least one of its
location, its planned route of movement and its movement behavior is suited to a location of the

destination entity.

For example, the location of the entity may be suited to the location of the destination entity in
case the distance to be travelled or the travel time from the location of the entity to the location
of the destination entity is shorter than a respective threshold. The planned route of movement
of the entity may be suited to the location of the destination entity in case no re-planning of the
planned route is necessary (i.e. the planned route passes by the destination entity or allows the
two entities to meet at common location) and optionally the planned route is the shortest route
with regard to distance and/or travel time to the destination entity or is shorter than a threshold
for distance and/or travel time. The planned route of movement of the entity may be suited to
the location of the destination entity in case a re-planning of the planned route of movement
necessary to provide the one or more charged batteries to the destination entity results in a total
travel time from the current location of the entity to the destination entity that is shorter than a
respective threshold and/or in an energy consumption that is lower than a respective threshold.
The movement behavior of the entity may be suited to the location of the destination entity in
case there are no stopping of the entity when moving to the destination entity or a number of
stopping of the entity is smaller than a respective threshold. In addition or alternatively, the
movement behavior of the entity may be suited to the location of the destination entity in case

the entity moves with a speed to the destination entity that is higher than a respective threshold.
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Optionally, two or more of the above described criteria need to be true so that at least one of the
location, planned route of movement and movement behavior of the entity is suited to a location

of the destination entity.

The method may comprise selecting the entity among the entities such that at least one of its
location, its planned route of movement and its movement behavior is suited best to a location

of the destination entity.

For example, the location of the entity may be suited best to the location of the destination
entity in case the distance to be travelled or the travel time from the location of the entity to the
location of the destination entity is shortest among the entities. The planned route of movement
of the entity may be suited best to the location of the destination entity in case no re-planning of
the planned route is necessary and the planned route is the shortest route with regard to
distance and/or travel time to the destination entity. The movement behavior of the entity may
be suited best to the location of the destination entity in case there are no stopping of the entity
when moving to the destination entity. In addition or alternatively, the movement behavior of
the entity may be suited best to the location of the destination entity in case the entity moves

with a highest speed to the destination entity among the entities.

Optionally, two or more of the above described criteria need to be true so that at least one of the
location, planned route of movement and movement behavior of the entity is suited best to a

location of the destination entity.

In the aforementioned examples of selecting an entity for providing one or more charged
batteries of its one or more battery slots to a destination station or a destination entity, it is
assumed that the entity is selected among entities that are capable of providing the one or more
charged batteries because the one or more battery slots of the respective entity accommodates

the one or more charged batteries.

The method may consider that the destination entity may not be stationary but move. For
finding a distance between the location of an entity or station and the location of another station
or entity the Euclidean distance may be computed. For example, a distance between the planned
route of movement and the location of a source station, the location of a destination station
and/or the location of a destination entity may be computed by computing the Euclidean

distance.

Optionally, providing the one or more charged batteries from the source station to the destina-
tion station comprises swapping the one or more charged batteries of the source station with a

corresponding amount of batteries of its one or more battery slots that each have a charging
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level lower than a charging level of each of the one or more charged batteries of the source
station, and swapping the one or more charged batteries of the source station with the corre-
sponding amount of batteries of the destination station that each have a charging level lower

than a charging level of each of the one or more charged batteries of the source station.

Swapping or exchanging one or more batteries of an entity with the same amount of batteries of
a station (e.g. a source station or destination station) allows keeping the number of batteries at
the station constant and preventing shortage or agglomeration of batteries at one or more

locations of the system.

In other words, in response to the command, the entity may move to the source station to pick
up one or more charged batteries. This pickup may be realized by a swapping of the one or more
charged batteries of the source station with a corresponding amount of batteries of the entity’s
one or more battery slots that each have a lower charging level compared to the one or more
charged batteries. Next, the entity may move with the one or more charged batteries of the
source station that are accommodated by the entity’s one or more battery slots to the destina-
tion station to deliver the one or more charged batteries of the source station to the destination
station. This deliver may be realized by a swapping of the one or more charged batteries
accommodated by the entity’s one or more battery slots with the corresponding amount of
batteries of the destination station that each have a charging level lower than a charging level of

each of the one or more charged batteries.

Optionally, in case the entity is electrically powered by the one or more batteries of its one or
more battery slots and, after the aforementioned delivery at the destination station, the charg-
ing level of the one or more batteries accommodated by its one or more battery slots is not
sufficient for electrically powering the entity, the entity may increase a charging level of the one
or more batteries of its one or more battery slots as described below. For this, the entity may

optionally be instructed accordingly.

Optionally, providing the one or more charged batteries of its one or more battery slots to the
destination station comprises swapping the one or more charged batteries of its one or more
battery slots with a corresponding amount of batteries of the destination station that each have

a charging level lower than a charging level of each of the one or more charged batteries.

For example, in case the entity comprises one or more charged batteries (e.g. an amount of
charged batteries greater than a respective threshold) that are accommodated by its one or
more battery slots, the entity may be instructed to directly replace its one or more charged

batteries with one or more batteries of a destination station (i.e. a station that requires obtain-
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ing one or more charged batteries for fulfilling its demanded amount of charged batteries or has
a demanded amount of charged batteries above a respective threshold) that have a lower

charging level compared to the one or more charged batteries.

Optionally, providing the one or more charged batteries of its one or more battery slots to the
destination entity comprises swapping, at a location instructed by the command, the one or
more charged batteries of its one or more battery slots with a corresponding amount of batteries
that each have a charging level lower than a charging level of each of the one or more charged

batteries.

In other words, a demand for charged batteries at stations may be reduced by instructing

entities to swap batteries directly between each other.

Optionally, the method comprises selecting the location instructed by the command such that
the location is nearest to at least one of the following: one or more stations of the stations that
each require obtaining one or more charged batteries for fulfilling its demanded amount of

charged batteries, and a station of the stations that requires obtaining the greatest amount of

charged batteries for fulfilling its demanded amount of charged batteries among the stations.

The station(s) that each require obtaining one or more charged batteries for fulfilling its
demanded amount of charged batteries correspond to “destination station(s)” or “first class
station” described herein. Thus, the description with regard to destination station(s) and first

class station(s) is correspondingly valid.

The method may comprise selecting the location instructed by the command such that the
location is nearest to one or more stations of the stations for which a monitored amount of
charged batteries is smaller than a threshold for the monitored amount of charged batteries. In
addition or alternatively, the method may comprise selecting the location instructed by the
command such that the location is nearest to one or more stations of the stations for which a
monitored demanded amount of charged batteries is greater than a threshold for the monitored
demanded amount of charged batteries. In addition or alternatively, the method may comprise
selecting the location instructed by the command such that the location is nearest to one or
more stations of the stations for which the monitored amount of charged batteries is smaller
than the monitored demanded amount of charged batteries or is greater than the monitored
demanded amount of charged batteries by an amount that is smaller than a threshold for the

amount.

In addition or alternatively, the method may comprise selecting the location instructed by the

command such that the location is nearest to at least one of the following: a station of the
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stations having, among the stations, the smallest monitored amount of charged batteries; a
station of the stations having, among the stations, the greatest monitored demanded amount of
charged batteries; and a station of the stations for which the monitored amount of charged
batteries is smaller than the monitored demanded amount of charged batteries by an amount
that is greatest among the stations or is greater than the monitored demanded amount of

charged batteries by an amount that is smallest among the stations.

Optionally, two or more of the aforementioned criteria for selecting the location instructed by

the command need to be true for a location to be selected.

Optionally, the method comprises, after the entity has performed at least the part of the com-
puted re-distribution of the one or more of the charged batteries in the system, increasing a
charging level of one or more batteries of the one or more battery slots of the entity by instruct-
ing, depending on the monitored amount of charged batteries of each of the stations and the
monitored demanded amount of charged batteries of each of the stations, the entity to swap its
battery or at least one of its batteries with a corresponding amount of batteries having a higher

charging level of a source station of the stations.

Optionally, the method comprises selecting the source station among the stations such that at
least one of a location, a planned route of movement and a movement behavior of the entity

suits a location of the source station.

For example, the location of the entity may suit the location of the source station in case the
distance to be travelled or the travel time from the location of the entity to the location of the
source station is shorter than a respective threshold. The planned route of movement of the
entity may suit the location of the source station in case no re-planning of the planned route is
necessary (i.e. the planned route passes by the source station) and optionally the planned route
is the shortest route with regard to distance and/or travel time to the source station or is shorter
than a threshold for distance and/or travel time. The planned route of movement of the entity
may suit the location of the source station in case a necessary re-planning of the planned route
of movement for reaching the source station results in a total travel time from the current
location of the entity to the source station that is shorter than a respective threshold and/or in
an energy consumption that is lower than a respective threshold. The movement behavior of the
entity may suit the location of the source station in case there are no stopping of the entity when
moving to the source station or a number of stopping of the entity is smaller than a respective
threshold. In addition or alternatively, the movement behavior of the entity may suit the
location of the source station in case the entity moves with a speed to the source station that is

higher than a respective threshold.
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Optionally, two or more of the above described criteria need to be true so that at least one of the
location, planned route of movement and movement behavior of the entity suits to a location of

the source station.

The method may comprise selecting the source station among the stations such that at least one
of a location, a planned route of movement and a movement behavior of the entity suits best a

location of the source station.

For example, the location of the entity may suit best the location of the source station in case the
distance to be travelled or the travel time from the location of the entity to the location of the
source station is shortest among the entities. The planned route of movement of the entity may
suit best the location of the source station in case no re-planning of the planned route is neces-
sary and the planned route is the shortest route with regard to distance and/or travel time to the
source station. The movement behavior of the entity may be suited best to the location of the
source station in case there are no stopping of the entity when moving to the source station. In
addition or alternatively, the movement behavior of the entity may suit best to the location of

the source station in case the entity moves with a highest speed to the source station.

Optionally, two or more of the above described criteria need to be true so that at least one of the
location, planned route of movement and movement behavior of the entity suits best to a

location of the source station.

Optionally, the method comprises selecting the source station among the stations such that at
least one of the following is true: the source station has resources for providing one or more
charged batteries, the source station has resources for providing the greatest amount of charged
batteries among the stations, a distance between the source station and the destination station
is smaller than a threshold for the distance, and a distance between the source station and the

destination station is a minimum distance among distances from the source station.

The method may comprise selecting the source station among the stations such that at least one
of the following is true: the source station has a monitored amount of charged batteries that is
greater than a threshold for the monitored amount of charged batteries; the source station has a
monitored demanded amount of charged batteries that is smaller than a threshold for the
monitored demanded amount of charged batteries; and for the source station the monitored
amount of charged batteries is greater than the monitored demanded amount of charged

batteries by an amount that is greater than a threshold for the amount.

In addition or alternatively, the method may comprise selecting the source station among the

stations such that at least one of the following is true: the source station has, among the sta-
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tions, the greatest monitored amount of charged batteries; the source station has, among the
stations, the smallest monitored demanded amount of charged batteries; and for the source
station the monitored amount of charged batteries is greater than the monitored demanded

amount of charged batteries by an amount that is greatest among the stations.

Optionally, the method comprises selecting the destination station among the stations such that
the destination station requires obtaining one or more charged batteries for fulfilling its
demanded amount of charged batteries, and/or the destination station requires obtaining the
greatest amount of charged batteries for fulfilling its demanded amount of charged batteries

among the stations.

The method may comprise selecting the destination station among the stations such that at least
one of the following is true: the destination station has a monitored amount of charged batteries
that is smaller than a threshold for the monitored amount of charged batteries; the destination
station has a monitored demanded amount of charged batteries that is greater than a threshold
for the monitored demanded amount of charged batteries; and for the destination station the
monitored amount of charged batteries is smaller than the monitored demanded amount of
charged batteries or is greater than the monitored demanded amount of charged batteries by an

amount that that is smaller than a threshold for the amount.

In addition or alternatively, the method may comprise selecting the destination station among
the stations such that at least one of the following is true: the destination station has, among the
stations, the smallest monitored amount of charged batteries; the destination station has,
among the stations, the greatest monitored demanded amount of charged batteries; and for the
destination station the monitored amount of charged batteries is smaller than the monitored
demanded amount of charged batteries by an amount that is greatest among the stations or is
greater than the monitored demanded amount of charged batteries by an amount that is

smallest among the stations.

Optionally, a charged battery is a fully charged battery, or a battery that has a charging level
higher than a charging level threshold.

The charging level threshold may be determined based on the units to be supplied with charged
batteries by the stations, past mobility data and/or a simulation of the mobility. The threshold
for qualifying as a non-empty battery may be lower than or equal to the aforementioned
charging level threshold. The aforementioned charging level threshold and the threshold for
qualifying as a non-empty battery may be referred to as “first charging level threshold” and

“second charging threshold”, respectively.
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Optionally, computing the re-distribution of the charged batteries in the system using the
monitored amount of charged batteries of each of the stations and the monitored demanded
amount of charged batteries of each of the stations comprises performing at least one of linear
programming, mixed-integer programming, bipartite matching, shortest-path algorithms, and
greedy heuristics, for selecting the entity among the entities and determining a most suitable re-
distribution of the charged batteries with regard to the monitored amount of charged batteries
of each of the stations and the monitored demanded amount of charged batteries of each of the

stations.

Optionally, the method comprises providing the command to the communication entity in
response to receiving an acknowledgement from the communication entity after selecting the

entity among the entities.

In the light of the above, the method of the first aspect allows monitoring demand and capabili-
ties of charged batteries at the stations and triggering a re-location of charged batteries from
under-utilized stations (source stations) to stations with high demand for charged batteries

(destination stations).

In order to achieve the computer-implemented method according to the first aspect of the
present invention, some or all of the above described optional features may be combined with

each other.

According to a second aspect of the invention, a system is provided. The system comprises
locally distributed stations for providing exchange batteries, entities each comprising one or
more battery slots, and a management entity. The management entity is configured to perform
the computer-implemented method according to the first aspect of the invention, as described

above.

The above description with regard to the computer-implemented method according to the first
aspect of the present invention is correspondingly valid for the system according to the second
aspect of the present invention. For example, the above description of the system, stations and
entities is correspondingly valid for the entities and stations of the system according to the
second aspect and the system according to the second aspect. The description with regard to the
system according to the second aspect of the present invention is correspondingly valid for the

computer-implemented method according to the first aspect of the present invention.
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The stations may be referred to as “battery exchange stations” or “battery swapping stations”.
Each station may comprise battery slots for storing batteries. The greater the number of battery
slots of a station the greater the number of batteries that may be stored by the station. One or
more stations, optionally each station, of the stations may be configured to charge the batteries

stored at the station or a part of the batteries stored at the station.

The management entity may be a central management instance of the system. The management
entity may be implemented by software and/or hardware. For example, the management entity
is a server. The management entity (e.g. the server) may be central merely in a control sense.
For example, the management entity (e.g. server) may be distributed over several machines or

instances for robustness and availability.

The management entity and the stations may communicate with each other e.g. via wireless
communication and/or wired communication. For example, the communication may be via the
internet. The communication may be secured by any known encryptions means. The manage-
ment entity and the entities may communicate with each other e.g. via wireless communication
and/or wired communication. For example, the communication may be via the internet. The
communication may be secured by any known encryptions means. For a communication
between the management entity and the entities, each of the entities may be associated with a
communication entity. The description of such a communication entity with regard to the
method of the first aspect is correspondingly valid. That is, the communication entity of a
respective entity may be a part of the entity, or may not be part of the entity and configured to
trigger a control of the entity according to a command received from the management entity.
Thus, a communication between the management entity and an entity may be a communication
between the management entity and the entity itself (e.g. in case the entity is a vehicle or robot
and communication is done with a communication entity that is part of the vehicle or robot) or
a communication between the management entity and a user of the entity (e.g. in case the entity
is a vehicle or robot operated by a human and communication is done with a mobile phone of

the user instructing the human on how to operate the vehicle or robot).

In case an entity is an autonomous entity, such as an autonomous vehicle or robot, the commu-
nication between the management entity and the entity may be done via a specific communica-
tion protocol, which may work over the internet. For this the autonomous entity may be
configured to use a wireless communication hardware, such as mobile internet or a wireless
local area network (W-LAN), e.g. WiFi. In case the entity is operated by a human, a communica-
tion between the human and the management entity may be performed via a mobile phone (e.g.
dedicated app on a smartphone, e.g. with login), token or a web interface (e.g. with login) of a

user end device, such as a notebook, smartphone or PC. Optionally, specific devices for commu-
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nication, such as pagers, may be used for the communication between the management entity

and the human operating an entity.

Each of the stations may provide (e.g. at fixed time intervals, such as every minute) to the
management unit information used by the management unit to perform the computer-
implemented method of the first aspect. For example, the provided information may comprise
the amount of charged batteries of the respective station and the demanded amount of charged
batteries of the respective station. The provided information may optionally comprises further
data of the respective station, such as one or more of location data (e.g. GPS data) of the station,
opening hours of the station, maximum number of batteries that may be stored at the station
and a maximum combined charging power of the batteries stored at the station. In addition, or
alternatively, the provided information may comprise at least one of the following information:
amount of batteries of the station without failure (i.e. amount of functional batteries), a charg-
ing level of each battery of the station and planned or predicted charging level of the batteries of
the station for one or more time periods in the future, such as for the next hour, next two hours,

next four hours and/or next day.

Each of the entities may provide (e.g. at fixed time intervals, such as every minute) to the
management unit information used by the management unit to perform the computer-
implemented method of the first aspect. For example, each entity of the entities may provide
information on the state of the respective entity to the management entity. The information on
the state of the respective entity may comprise a location of the entity and/or an amount of
charged batteries accommodated by the one or more battery slots of the entity. In addition, or
alternatively, each entity of the entities may provide a planned route of movement of the entity

and/or a movement behavior of the entity.

The management entity may be configured to store data received from outside, e.g. from
stations and/or entities, and/or data that are computed by the management entity (e.g. when
performing the method of the first aspect). The management entity may be configured to use
stored data (e.g. at least one of the aforementioned stored data) and/or received data (e.g.

received from stations and/or entities) for performing the method of the first aspect.

Optionally, the management entity may, according to the computed re-distribution of charged
batteries, instruct an entity to perform the following: The entity moves to a source station to
pick up one or more charged batteries, wherein the pickup may be performed by battery
swapping of the one or more charged batteries of the source station with one or more batteries
of the entity that have a lower charging level compared to the one or more charged batteries.

Next the entity moves with the one or more charged batteries to a destination station to deliver
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the one or more charged batteries to the destination station. This delivery may be performed by
battery swapping of the one or more charged batteries of the entity with one or more charged
batteries of the destination station that have a lower charging level compared to the one or more

charged batteries.

In case the entity is electrically powered by the one or more batteries accommodated by its one
or more battery slots, the entity may drive to a source station (the aforementioned source
station or another source station, e.g. the nearest source station) for getting one or more
charged batteries in case the one or more batteries of its battery slots (including the one or more
batteries received at the destination station) have a charging level that is not sufficient for
electrically powering the entity. The aforementioned increase of charging level of the one or
more batteries of the one or more battery slots of the entity may be instructed and/or supported

by the management entity.

Optionally, the management entity may, according to the computed re-distribution of charged
batteries, instruct an entity with one or more charged batteries to directly swap at least one of
its one or more charged batteries at a destination station (e.g. with a great demanded amount of
charged batteries and a small or no amount of charged batteries). Afterwards, the entity may be
configured to move to another station (e.g. a source station) to receive one or more charged
batteries as a replacement for the one or more charged batteries directly provided to the
aforementioned destination station. Alternatively, the entity may be configured to wait at the
aforementioned destination station until one or more excess charged batteries are available
again, i.e. until the destination station has become a source station. This may be done for
example for entities that are known to take a break near a destination station anyway and, thus,
are not bothered by waiting for recharge. This may also include entities that stop their operation
for that day and resume the next day or later. The aforementioned action of the entity may be

instructed and/or supported by the management entity.

Optionally, the management entity may, according to the computed re-distribution of charged
batteries, instruct an entity with one or more charged batteries to directly swap at least one of
its one or more charged batteries with another entity. This may reduce the burden of delivering
charged batteries at one or more stations, because entities may be provided with charged
batteries directly from other entities. For example, for this the management entity may be
configured to compute a location which both entities may easily reach (e.g. minimize combined
distance or travel time). The aforementioned action of the entity may be instructed and/or

supported by the management entity.
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Optionally, the entities comprise at least one of one or more autonomous vehicles, one or more
autonomous robots, one or more vehicles each operated by a human, and one or more robots

each operated by a human.

The vehicles may comprise at least one of one or more scooters, one or more motorcycles, one
or more bicycles, one or more boats, one or more cars, one or more buses, one or more trucks,
one or more planes, and one or more flying drones. In other words, the vehicle may be config-
ured to move on land, on water and/or in the air. The one or more vehicles may be one or more
electrical vehicles, i.e. electrical powered vehicles. The one or more robots may be for example
one or more delivery robots and/or one or more city guide robots. The one or more robots may
be one or more electrical robots, i.e. electrical powered robots. The entities may be configured to
move (e.g. between at least two stations of the stations, near one or more stations and/or
passing by one or more stations). The entities may be referred to as “mobile entities” or “mova-

ble entities”.

The one or more battery slots of each entity of the entities may each be configured to accommo-
date a battery, and at least one entity of the entities may be configured to use electrical energy
from its one or more batteries accommodated in the slot(s) for propulsion of the entity and/or
electrically powering the entity. Optionally, each entity of the entities is configured to use
electrical energy from its one or more batteries accommodated in the slot(s) for propulsion of

the entity and/or electrically powering the entity.

At least one entity of the entities may be configured to transport, using its one or more battery
slots, one or more batteries without using electrically energy of the transported one or more
batteries. Optionally each entity of the entities is configured to transport, using its one or more
battery slots, one or more batteries without using electrically energy of the transported one or

more batteries.

Optionally, the management entity and the entities are configured to communicate with each
other using at least one of a smartphone app, a web-interface, a dedicated communication

protocol over the internet and one or more communication devices.

Optionally, the entities are each configured to authorize themselves at the stations using at least

one of a smartphone app, web-interface and one or more tokens.

That is, a release of batteries to an entity at each of the stations may be authorized by means of
an app, web interface and/or tokens (e.g. wearable tokens) of the entity or associated with the

entity (e.g. of a human operating the entity). The aforementioned mechanism to grant permis-
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sion for a battery swapping allows preventing misuse and theft of charged batteries in the

system.

An entity (such as autonomous entities as well as humans operating entities) receiving a
command from the management entity to perform at least a part (e.g. a specific task) of the
computed re-distribution of the charged batteries in the system may refuse to obey to the
command. In this case, the management entity may be configured to contact another suitable
entity. In order to improve the likelihood of acceptance of a command received from the
management entity, humans operating entities may be given incentives like reduced swapping
cost rates or virtual points they can use for getting prioritized for battery swapping in the future.
In addition, there may be dedicated entities that are primarily or solely responsible for the
battery re-distribution, i.e. battery re-location. For example, humans operating such dedicated

entities may be paid for performing the re-distribution.

Since the entities of the system may move in some vicinity of the stations of the system anyway,
the system does not require investing in extra infrastructure for re-distributing the charged

batteries.

The system according to the second aspect achieves the same advantages as the computer-

implemented method according to the first aspect.

In order to achieve the system according to the second aspect of the present invention, some or

all of the above described optional features may be combined with each other.

According to a third aspect of the invention, a data processing apparatus is provided. The data
processing apparatus comprises means for carrying out the computer-implemented method

according to the first aspect of the present invention.

According to a fourth aspect of the invention, a computer program is provided. The computer
program comprises instructions which, when the program is executed by a computer, cause the
computer to carry out the computer-implemented method according to the first aspect of the
present invention. The term “computer program product” may be used as a synonym for the

term “computer program”.

According to a fifth aspect of the invention a computer-readable medium is provided. The
computer-readable medium comprises instructions which, when executed by a computer, cause
the computer to carry out the computer-implemented method according to the first aspect of

the present invention. The term “computer-readable storage medium” may be used as a syno-
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nym for the term “computer-readable medium”. The computer-readable medium may be a non-

transitory storage medium.

The data processing apparatus according to the third aspect, the computer program according

to the fourth aspect, and the computer-readable medium according to the fifth aspect each

achieve the same advantages as the computer-implemented method according to the first

aspect.

All steps which are performed by the various entities described in the present application as

well as the functionalities described to be performed by the various entities are intended to

mean that the respective entity is adapted to or configured to perform the respective steps and

functionalities.

In the following, the invention is described exemplarily with reference to the enclosed Figures,

in which

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

shows an example of a computer-implemented method according to an embodi-
ment of the present invention for controlling a distribution of charged batteries

in a system;

shows an example of a system according to an embodiment of the present

invention;

shows an example of a directed representation that may be generated by an
example of a computer-implemented method according to an embodiment of the

present invention for controlling a distribution of charged batteries in a system;

shows an example of a result of a computation of re-distribution of charged
batteries that may be generated, using the directed representation of Figure 3, by
an example of a computer-implemented method according to an embodiment of
the present invention for controlling a distribution of charged batteries in a sys-

tem; and

shows an example of a computer-implemented method according to an embodi-
ment of the present invention for controlling a distribution of charged batteries

in a system.

In the Figures, corresponding elements have the same reference signs.
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Figure 1 shows an example of a computer-implemented method according to an embodiment
of the present invention for controlling a distribution of charged batteries in a system. The
method of Figure 1is an example of the computer-implemented method according to the first
aspect of the present invention. Thus, the description of the computer-implemented method

according to the first aspect is correspondingly valid for the method of Figure 1.

The method of Figure 1 is a computer-implemented method for controlling a distribution of
charged batteries in a system. The system comprises locally distributed stations for providing
exchange batteries, and entities each comprising one or more battery slots. The method com-
prises, in a step 100, monitoring an amount of charged batteries of each of the stations; and, in
a step 101, monitoring a demanded amount of charged batteries of each of the stations. The
order of the steps 100 and 101 may be different than shown in Figure 1 or these steps may be
simultaneously performed. The method comprises, in a step 102, computing a re-distribution of
the charged batteries in the system using the monitored amount of charged batteries of each of
the stations and the monitored demanded amount of charged batteries of each of the stations.
The steps 100, 101 and 102 may be performed simultaneously, wherein in the step 102 stored
data monitored in the steps 100 and 101 may be used. The method comprises, in a step 103,
providing a command to a communication entity associated with an entity of the entities to

perform at least a part of the computed re-distribution of the charged batteries in the system.

For further information on the method of Figure 1 reference is made to the description of the
method according to the first aspect of the present invention and to the description of Figures 3,

4 and 5.

Figure 2 shows an example of a system according to an embodiment of the present invention.
The system of Figure 2 is an example of the system according to the second aspect of the present
invention. Thus, the description of the system according to the second aspect is correspondingly

valid for the system of Figure 2.

The system 1 of Figure 2 comprises locally distributed stations 3 for providing exchange
batteries, entities 4 each comprising one or more battery slots, and a management entity 2. The
management entity 2 is configured to perform the computer-implemented method according to
the first aspect of the invention. The number of stations 3 and entities 4 shown in Figure 2 is
only by way of example and may be different. The description of Figure 2 is correspondingly
valid in case of different numbers of stations and/or entities. As shown in Figure 2, the stations
3 and the management entity 2 may communicate with each other, e.g. using a wired communi-
cation and/or a wireless communication. The entities 4 and the management entity 2 may

communicate with each other, using a wired communication (not shown in Figure 2) and/or a
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wireless communication (as indicated in Figure 2). Optionally, the stations 3 and the entities 4
may communicate with each other (not shown in Figure 2), e.g. using a wired communication
and/or a wireless communication. The present invention is not limited to a specific form of

communication, e.g. communication technology.

For example, the entities E1, E2, E3 and E4 may be entities operated by users, wherein the
communication between the management unit 2 and the respective entity 4 may be done via a
communication unit (e.g. a mobile phone) of the user operating the respective entity 4. The
entities E1, E2, E3 and E4 may be e.g. scooters of a food delivery service or scooters of private
users. The users of the entities E1, E2, E3 and E4 may agree to share their planned route of
movement data with the management entity 2 and, thus, may be asked by the management
entity 2 to deliver charged batteries from one station 3 to another station 3 and, thus, perform
at least part of a re-distribution of charged batteries that may be performed (e.g. managed or
controlled) by the management entity 2 by performing the method according to the first aspect
of the invention. In the case of private users of the entities E1, E2, E3 and E4 the users and,
thus, the respective entities do not need to obey or follow instructions from the management
entity 2. However, private users may be encouraged to obey to commands received from the
management entity 2 with a bonus point program, which they can use to get priority battery
swaps at the stations 3. Similarly owners of a fleet of entities 4 may agree to perform a certain
number of battery deliveries per day in exchange for a higher priority with regard to battery

swapping at the stations 3.

For further information on the system 1 of Figure 2 reference is made to the description of the

system according to the second aspect of the present invention.

Figure 3 shows an example of a directed representation that may be generated by an example
of a computer-implemented method according to an embodiment of the present invention for
controlling a distribution of charged batteries in a system. The method may be the method of
Figure 1. Thus, the description of the computer-implemented method of Figure 1 and the
computer-implemented method according to the first aspect is correspondingly valid for the

method of Figure 3.

With regard to Figure 3, it is assumed that the system comprises four stations 3, wherein two
stations 3 are source stations 3a, i.e. they each have resources for providing excess charged
batteries, and two stations 3 are destination stations 3b, i.e. they each require obtaining one or
more charged batteries. In Figure 3, for each source station 3a the excess charged batteries 5a
are shown and for each destination station 3b discharged batteries 5b are shown. The number

of stations, number of source stations, number of destination stations, number and distribution
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of charged batteries as well as number and distribution of discharged batteries shown in Figure
3 is only by way of example and, thus, may be different. The description of Figure 3 is corre-

spondingly valid in the aforementioned case.

As exemplarily shown in Figure 3, for computing the re-distribution of the charged batteries 5a
in the system using the monitored amount of charged batteries of each of the stations 3 and the
monitored demanded amount of charged batteries of each of the stations 3, the stations 3 may
be classified into two classes, wherein a station 3b of a first class of the two classes requires
obtaining one or more charged batteries for fulfilling its demanded amount of charged batteries
or has a demanded amount of charged batteries above a respective threshold (such station may
be referred to as destination station), and a station 3a of a second class of the two classes has
resources for providing one or more excess charged batteries 5a (such station may be referred to
as source station). A directed representation (e.g. directed graph) may be generated, wherein
each battery slot of each station 3 is a node and an edge 6 goes from each excess charged battery
5a of each station 3a of the second class to each battery 5b of each station 3b of the first class
having a charging level lower than a threshold for qualifying as a non-empty battery (i.e. to each
discharged battery of each first class station). A cost may then be assigned to each edge 6 of the
directed representation, wherein the greater a distance the greater the cost and vice versa (not

shown in Figure 3).

A linear programming may be used on the directed representation of Figure 3 to decide how to
best distribute the charged batteries 5a to the first class destinations 3b (i.e. destination
stations). Figure 4 shows an example result of an assignment of the charged batteries 5a to the
first class stations 3b computed by the optimization by using a linear programming on the
directed representation of Figure 3. That is, Figure 4 shows an example of a result of a compu-
tation of re-distribution of charged batteries that may be generated, using the directed repre-
sentation of Figure 3, by an example of a computer-implemented method according to an
embodiment of the present invention for controlling a distribution of charged batteries in a

system. The description of Figure 3 is correspondingly valid for the method of Figure 4.

According to the computer-implemented method for controlling the distribution of the charged
batteries 5a in the system, after the assignment has been computed, the planned routes of
movement of the entities of the system may be compared with the battery assignment result of
Figure 4. The entities may be ranked with respect to closeness of its planned route of movement
to a pair of a first class station 3b and a second class station 3a. Furthermore, it may optionally
be checked that the entity may complete the planned route of movement with the discharged
battery 5b received at the first class station 3b in response to providing a charged battery 5a

from the second class station 3a to the first class station 3b and reach another station 3 after-
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wards. An example of a method for controlling a re-distribution of charged batteries may be

described with regard to Figure 5.

Figure 5 shows an example of a computer-implemented method according to an embodiment
of the present invention for controlling a distribution of charged batteries in a system. The
method of Figure 5 is an example of an implementation of the computer-implemented method
of Figure 1. Thus, the description of the computer-implemented method of Figure 1 and the
computer-implemented method according to the first aspect is correspondingly valid for the

method of Figure 5.

For describing Figure 5, it is assumed that a management unit being a server performs the
method for controlling a distribution of charged batteries in a system. The description of Figure
5 is correspondingly valid in case of a different implementation of the management entity. The

system may be a system according to the second aspect, such as the system of Figure 2.

As shown in Figure 5, in a step 500 the server may receive station data from the battery swap-
ping stations of the system and, using the received data, monitor the amount of charged
batteries of each station of the system and the demanded amount of charged batteries of each
station of the system. In a step 501 following the step 500, the server may check whether all
stations of the system may meet the demand (e.g. predicted demand) for charged batteries at
the respective station. In case this is true (i.e. “yes” at step 501), the method returns to step 500.
Otherwise (i.e. “no” at step 501), the method proceeds to step 502. In step 502, the server may
classify the stations of the system into first class stations (i.e. destination stations or over-
utilized stations) and second class stations (i.e. source stations or under-utilized stations). This
may be done as outlined with regard to the method according to the first aspect of the inven-
tion. In a next step 503, the server may find an optimal re-distribution (i.e. re-location) of the
charged batteries in the system. For example, this may be done as exemplarily described with
regard to Figures 3 and 4. In a next step 504, the server may generate a list of most suitable
entities of the entities of the system for the computed optimal re-distribution of the charged
batteries in the system. This may be done as described above. In a following step 505, the server
may contact a first entity on the list, i.e. the server may provide a command to the first entity on
the list to perform at least a part of the computed re-distribution of the charged batteries. For
example, in case the first entity is operated by a user, the server may inform the user about the
command e.g. via an app on the user’s mobile phone. In a next step 506 the server waits for the
first entity to accept the command from the server e.g. by transmitting an acknowledgement to
the server. In case the entity accepts the command (e.g. within a certain time period, such as
two minutes) the method continues at step 508. In case the entity does not accept the command

or there is no response received by the server (e.g. within a certain time period, such as two
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minutes), the method continues at step 507. In the step 507, the server removes the first entity
from the list and the method continues at step 505. In the step 508, the server may monitor the
entity for determining whether the entity performs a charged battery re-distribution according
to the command send to the entity. For example, the command may instruct the entity to re-
locate a charged battery from a source station (second class station) to a destination station
(first class station). Thus, in the step 508, the server may monitor whether the entity delivers
the charged battery from the source station to the destination station. When the entity arrives at
the source station the assigned charged battery is released from its slot in the source station,
and replaced with a battery from the entity. For this, optionally in a step 509, the server or the
source station may permit the battery exchange at the source station. For example, the release
of the battery to the entity at the source station may be authorized by means of an app, web
interface and/or tokens (e.g. wearable tokens) of the entity or a user operating the entity. Next
the entity, carrying the charged battery provided by the source station, moves to the destination
station. When the entity arrives at the destination station the assigned discharged battery is
released from the destination station’s slot and replaced with the charged battery from the
source station, carried by the entity. For this, optionally in a step 510, the server or the destina-
tion station may permit the battery exchange at the destination station. For example, the release
of the battery to the entity at the destination station may be authorized by means of an app, web
interface and/or tokens (e.g. wearable tokens) of the entity or a user operating the entity. The

method may continue at step 500.

The method of Figure 5 allows increasing availability of charged batteries at the stations of the
system. For further details on the method Figure 5 reference is made to the description of the

method according to the first aspect of the invention.

In the claims as well as in the description the word “comprising” does not exclude other ele-
ments or steps and the indefinite article “a” or “an” does not exclude a plurality. A single
element or other unit may fulfill the functions of several entities or items recited in the claims.
The mere fact that certain measures are recited in the mutual different dependent claims does
not indicate that a combination of these measures cannot be used in an advantageous imple-

mentation.
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CLAIMS

A computer-implemented method for controlling a distribution of charged batteries in a
system comprising locally distributed stations for providing exchange batteries and enti-
ties each comprising one or more battery slots, wherein the method comprises
monitoring (100) an amount of charged batteries of each of the stations;

monitoring (101) a demanded amount of charged batteries of each of the stations;
computing (102) a re-distribution of the charged batteries in the system using the
monitored amount of charged batteries of each of the stations and the monitored de-
manded amount of charged batteries of each of the stations; and

providing (103) a command to a communication entity associated with an entity of the
entities to perform at least a part of the computed re-distribution of the charged batter-

ies in the system.

The computer-implemented method according to claim 1, the method comprising
monitoring a state of each of the entities; and

computing the re-distribution of the charged batteries in the system using the monitored
amount of charged batteries of each of the stations, the monitored demanded amount of

charged batteries of each of the stations and the monitored state of each of the entities.

The computer-implemented method according to claim 2, wherein monitoring the state
of each of the entities comprises monitoring

a location of each of the entities, and/or

an amount of charged batteries accommodated by the one or more battery slots of each

of the entities.

The computer-implemented method according to any one of the previous claims,
wherein computing the re-distribution of the charged batteries in the system using the
monitored amount of charged batteries of each of the stations and the monitored de-
manded amount of charged batteries of each of the stations comprises

balancing the distribution of the charged batteries such that the greater a demanded
amount of charged batteries of a station the greater the amount of charged batteries of

the station and vice versa.
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The computer-implemented method according to any one of the previous claims,
wherein monitoring a demanded amount of charged batteries of each of the stations
comprises

monitoring an actual amount of charged batteries demanded from the station and/or a

predicated amount of charged batteries demanded from the station.

The computer-implemented method according to any one of the previous claims,
wherein computing the re-distribution of the charged batteries in the system using the
monitored amount of charged batteries of each of the stations and the monitored de-
manded amount of charged batteries of each of the stations comprises

classifying the stations into two classes, wherein a station of a first class of the two
classes requires obtaining one or more charged batteries for fulfilling its demanded
amount of charged batteries or has a demanded amount of charged batteries above a re-
spective threshold and a station of a second class of the two classes has resources for
providing one or more excess charged batteries;

generating a directed representation with each battery slot of each station being a node
and an edge going from each excess charged battery of each station of the second class to
each battery of each station of the first class having a charging level lower than a thresh-
old for qualifying as a non-empty battery;

assigning a cost to each edge of the directed representation, wherein the greater a
distance the greater the cost and vice versa; and

determining a distribution of the charged batteries using the directed representation

with the assigned costs.

The computer-implemented method according to any one of the previous claims, the
method comprises
selecting the entity among the entities depending on at least one of a location, a planned

route of movement and a movement behavior of each entity of the entities.

The computer-implemented method according to any one of the previous claims,
wherein the command instructs the entity to perform at least one of the following;:
provide one or more charged batteries from a source station of the stations to a destina-
tion station of the stations;

provide one or more charged batteries of its one or more battery slots to a destination

station of the stations; and
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provide one or more charged batteries of its one or more battery slots to a destination

entity of the entities.

The computer-implemented method according to any one of the previous claims,
wherein at least one of the following is true:

the command instructs the entity to provide one or more charged batteries from a source
station of the stations to a destination station of the stations, and the method comprises
selecting the entity among the entities such that at least one of its location, its planned
route of movement and its movement behavior is suited to at least one of a location of
the source station and a location of the destination station;

the command instructs the entity to provide one or more charged batteries of its one or
more battery slots to a destination station of the stations, and the method comprises se-
lecting the entity among the entities such that at least one of its location, its planned
route of movement and its movement behavior is suited to a location of the destination
station; and

the command instructs the entity to provide one or more charged batteries of its one or
more battery slots to a destination entity of the entities, and the method comprises se-
lecting the entity among the entities such that at least one of its location, its planned
route of movement and its movement behavior is suited to a location of the destination

entity.

The computer-implemented method according to any one of the previous claims, the
method comprises, after the entity has performed at least the part of the computed re-
distribution of the one or more of the charged batteries in the system,

increasing a charging level of one or more batteries of the one or more battery slots of
the entity by instructing, depending on the monitored amount of charged batteries of
each of the stations and the monitored demanded amount of charged batteries of each of
the stations, the entity to swap its battery or at least one of its batteries with a corre-
sponding amount of batteries having a higher charging level of a source station of the

stations.

The computer-implemented method according to claim 10, wherein the method com-
prises selecting the source station among the stations such that at least one of a location,
a planned route of movement and a movement behavior of the entity suits a location of

the source station.
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The computer-implemented method according to any one of claims 8 to 11, wherein
method comprises selecting the source station among the stations such that at least one
of the following is true

the source station has resources for providing one or more charged batteries,

the source station has resources for providing the greatest amount of charged batteries
among the stations,

a distance between the source station and the destination station is smaller than a
threshold for the distance, and

a distance between the source station and the destination station is a minimum distance

among distances from the source station.

The computer-implemented method according to any one of claims 8 to 12, wherein the
method comprises selecting the destination station among the stations such that

the destination station requires obtaining one or more charged batteries for fulfilling its
demanded amount of charged batteries, and/or

the destination station requires obtaining the greatest amount of charged batteries for

fulfilling its demanded amount of charged batteries among the stations.

A system (1) comprising

locally distributed stations (3) for providing exchange batteries,

entities (4) each comprising one or more battery slots, and

a management entity (2) configured to perform the computer-implemented method

according to any one of the previous claims.

The system according to claim 14, wherein the entities (4) comprise at least one of
one or more autonomous vehicles,

one or more autonomous robots,

one or more vehicles each operated by a human, and

one or more robots each operated by a human.

A data processing apparatus comprising means for carrying out the computer-

implemented method according to any one of claims 1 to 13.

A computer program comprising instructions which, when the program is executed by a
computer, cause the computer to carry out the computer-implemented method accord-

ing to any one of claims 1to 13.
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18. A computer-readable medium comprising instructions which, when executed by a
computer, cause the computer to carry out the computer-implemented method accord-

ing to any one of claims 1to 13.
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