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DESCRIPTION

TITLE OF THE INVENTION:
CHARGING SYSTEM

Field

[0001] The present invention relates to a charging
system.

Background

[0002] Conventionally, electric vehicle charging systems

are known. Patent Literature 1 discloses an electric
vehicle gquick charging facility that includes a single
electric vehicle quick charging device; a branching device
provided with a plurality of branch power supply cables
branched to supply power to respective parking spaces; a
power supply cable connecting the electric vehicle quick
charging device to the branching device; a plurality of
charging operation devices each disposed in a respective
one of the parking spaces and each connected to a
corresponding one of the branch power supply cables, each
of the charging operation devices being provided with a
power supply connector connectable to an electric vehicle;
a switch provided in the branching device and configured to
select one of the branch power supply cables that supplies
power to a terminal operation device in a parking space
where an electric vehicle to be quick-charged is parked;
and a control device configured to control opening and
closing of the selected switch in response to an operation
signal from the charging operation device.

Citation List

Patent Literature

[0003] Patent Literature 1: Japanese Utility Model
Registration No. 3151047
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Summary

Technical Problem

[0004] It is desirable to improve user convenience
during the charging procedure. For example, in performing
a charging request or other operations using a charging
operation device in a parking space, the entire procedure
is to be completed in the parking space, which is likely to
restrict the user's actions.

[0005] An object of the present invention is to provide
a charging system capable of improving user convenience.
Solution to Problem

[0006] A charging system according to the present
invention includes a plurality of charging connectors
disposed at a charging station that charges a vehicle; a
switching unit disposed between one charging cable of the
charging station and the plurality of charging connectors;
a creation unit configured to create a charging schedule
for the charging cable based on a charging request from a
user via wireless communication; and a control unit
configured to, based on the created charging schedule,
control the switching unit and connect the charging cable
to one of the charging connectors connected to a vehicle to
be charged.

Advantageous Effects of Invention

[0007] The charging system according to the present
invention includes a switching unit disposed between one
charging cable and the plurality of charging connectors at
a charging station, a creation unit that creates the
charging schedule based on the charging request from an
user via wireless communication, and a control unit that
controls the switching unit based on the created charging
schedule. The charging system according to the embodiment

of the present invention is capable of improving user
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convenience during charging procedures.

Brief Description of Drawings

[0008] FIG. 1 is a diagram illustrating a configuration
of a charging system according to an embodiment.

FIG. 2 is a diagram illustrating the charging system
applied to a parking lot.

FIG. 3 is a diagram illustrating a configuration of a
switching unit according to the embodiment.

FIG. 4 is a diagram illustrated to describe
communication according to the embodiment.

FIG. 5 is a flowchart illustrating an operation of the
charging system according to the embodiment.

FIG. 6 is a diagram illustrating an example of a
message displayed on a mobile terminal.

FIG. 7 is a diagram illustrating an example of a
message displayed on the mobile terminal.

FIG. 8 is a sequence diagram relating to charging
according to the embodiment.

FIG. 9 is a sequence diagram relating to fee payment
according to the embodiment.

FIG. 10 is a diagram illustrated to describe
processing related to concurrent charging.

FIG. 11 is a diagram illustrating another
configuration of the switching unit according to the
embodiment.

Description of Embodiments

[0009] A charging system according to an embodiment of
the present invention is described in detail below with
reference to the drawings. Note that the present invention
is not limited to embodiments herein. Furthermore, the
components in the following embodiments include those that
are readily conceivable by those skilled in the art and

those are substantially identical.
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[0010] [Embodiment]

An embodiment is described with reference to FIGS. 1
to 11. The present embodiment relates to a charging
system. FIG. 1 illustrates a configuration of a charging
system according to an embodiment, FIG. 2 illustrates the
charging system applied to a parking lot, FIG. 3
illustrates a configuration of a switching unit according
to the embodiment, FIG. 4 is a diagram illustrated to
describe communication according to the embodiment, FIG. 5
is a flowchart illustrating an operation of the charging
system according to the embodiment, FIGS. 6 and 7
illustrate examples of messages displayed on a mobile
terminal, FIG. 8 illustrates a sequence diagram for
charging according to the embodiment, FIG. 9 illustrates a
sequence diagram for fee payment according to the
embodiment, FIG. 10 illustrates processing relating to
concurrent charging, and FIG. 11 illustrates another
configuration of the switching unit according to the
embodiment.

[0011] As illustrated in FIGS. 1 to 3, a charging system
1 according to the present embodiment includes a plurality
of charging connectors 5 branched from a single charging
cable 120 at a charging station 100. A user connects an
available charging connector 5 to a vehicle and registers a
charging request. The charging system 1 creates a charging
schedule for a plurality of vehicles connected to the
plurality of charging connectors 5. Based on the charging
schedule, the charging system 1 sequentially performs
charging of each wvehicle.

[0012] The charging system 1 according to the present
embodiment enables a user, after connecting the charging
connector 5 to a vehicle of the user, to remain away from

the vehicle until charging is completed. For example,
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there is no need to stand by in line until charging of the
preceding vehicle is completed. Accordingly, it is
possible for the charging system 1 according to the present
embodiment to improve convenience for users utilizing the
charging station 100.

[0013] As illustrated in FIG. 1, the charging system 1
according to the present embodiment includes the plurality
of charging connectors 5, a switching unit 10, and a server
300. The switching unit 10 of the present embodiment is an
add-on unit that is attachable to an existing charging
station 100. The switching unit 10 includes a housing 2,
an input unit 3, a relay 4, a cable 6, a signal line 7, and
a control unit 20.

[0014] The housing 2 is installed, for example, in the
vicinity of the charging station 100. The housing 2 can
also be installed on a pedestal. The housing 2 is
preferably watertight. The relay 4 and the control unit 20
are accommodated inside the housing 2.

[0015] The input unit 3 is connected to the charging
cable 120. The charging station 100 includes a main body
110, the charging cable 120, and a connector 130. The main
body 110 includes a control circuit 150, which controls
charging of the vehicle and communication with the wvehicle.
The charging cable 120 is a cable connected to the main
body 110 for charging. The connector 130 is an existing
connector included in the charging station 100 and is a
connector for charging that is connectable to a vehicle.
The connector 130 is connected to the main body 110 via the
charging cable 120.

[0016] In the present embodiment, the input unit 3 is an
inlet connected to the connector 130. The input unit 3
complies with the charging standards of the charging

station 100. The input unit 3 can, for example, have a
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configuration similar to that of an inlet installed in a
vehicle.

[0017] The switching unit 10 includes a plurality of the
relays 4, a plurality of the cables 6, and a plurality of
the signal lines 7. In the illustrated example, the
switching unit 10 is connectable with up to five charging
connectors 5. For example, a charging parking lot PK
illustrated in FIG. 2 is provided with five parking spaces,
from a first space Pl to a fifth space P5. 1In this case,
five charging connectors 5 are connected to the switching
unit 10. In other words, five vehicles are allowable to be
connected to a single charging cable 120 and remain in a
standby state.

[0018] As illustrated in FIG. 3, the switching unit 10
of the present embodiment includes a plurality of output
units CN. More specifically, the switching unit includes
five output units CN, from a first output unit CN1 to a
fifth output unit CN5. The charging connectors 5 are
connected to the respective output units CN. The charging
system 1 illustrated in FIG. 3 includes, as the charging
connector 5, a first connector 51, a second connector 52, a
third connector 53, a fourth connector 54, and a fifth
connector 55. The first connector 51 is connected to a
first output unit CN1. Similarly, the connectors 52, 53,
54, and 55 are connected to output units CN2, CN3, CN4, and
CN5, respectively. It is preferable that the count of
charging connectors 5 connected to the switching unit 10
corresponds to the number assigned to the parking spaces.
[0019] The relay 4 is disposed between the input unit 3
and the plurality of output units CN1, CN2, CN3, CN4, and
CN5. The switching unit 10 of the present embodiment
includes, as the relay 4, a first relay 41, a second relay

42, a third relay 43, a fourth relay 44, and a fifth relay
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45. The first relay 41 is disposed between the input unit
3 and the first output unit CN1l. Similarly, the relays 42,
43, 44, and 45 are disposed between input unit 3 and the
output units CN2, CN3, CN4, and CN5, respectively. The
relay 4 connects the output unit CN to the charging cable
120 or disconnects the output unit CN from the charging
cable 120.

[0020] The cable 6 is a charging cable that connects the
relay 4 and the charging connector 5. In the present
embodiment, the charging system 1 includes, as the cable 6,
a first cable 61, a second cable 62, a third cable 63, a
fourth cable 64, and a fifth cable 65. The first cable 61
is connected to the first output unit CN1 and connects the
first connector 51 to the first relay 41. Similarly, the
cables 62, 63, 64, and 65 are connected to the output units
CN2, CN3, CN4, and CN5, respectively, and connect the
connectors 52, 53, 54, and 55 to the relays 42, 43, 44, and
45, respectively.

[0021] The signal line 7 connects a communication
terminal of the charging connector 5 to a signal branching
board 40 of the control unit 20. More specifically, the
signal line 7 is connected to the signal branching board 40
via a connector 9 disposed in the output unit CN. The
communication terminal of the charging connector 5 is
connected to a signal line of the vehicle. The signal line
7 is constituted by, for example, eight electric wires.
[0022] The control unit 20 includes a communication
control board 30 and the signal branching board 40. The
communication control board 30 includes a communication
circuit for wide-area mobile communication using
communication standards such as 4G or 5G, and a
communication circuit for short-range wireless

communications such as Bluetooth (registered trademark) or
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Wi-Fi. The communication control board 30 includes a
control circuit for controlling the relay 4 and the like.
The control circuit of the communication control board 30
controls the relay 4 in accordance with a charging
schedule. In addition, the communication control board 30
is also capable of communicating with the signal branching
board 40. The communication control board 30 is configured
to be communicable with the control circuit 150 of the
charging station 100. The communication control board 30
includes a detection unit that detects a battery voltage of
a vehicle connected to the charging connector 5. The
detection unit acquires the battery voltage, for example,
from the signal branching board 40.

[0023] The signal branching board 40 connects a signal
line 140 of the charging station 100 to any of the
plurality of signal lines 7. As illustrated in FIG. 3, the
charging system 1 according to the present embodiment
includes, as the signal line 7, a first signal line 71, a
second signal line 72, a third signal line 73, a fourth
signal line 74, and a fifth signal line 75. The first
signal line 71 is connected to the communication terminal
of the first connector 51. Similarly, the signal lines 72,
73, 74, and 75 are connected to the communication terminals
of the connectors 52, 53, 54, and 55, respectively.

[0024] The signal branching board 40 includes a
plurality of the switches 8. The respective switches 8 are
interposed between the signal line 140 of the charging
station 100 and the plurality of signal lines 7. The
switch 8 connects the signal line 140 to the signal line 7
or disconnects the signal line 140 from the signal line 7.
The signal branching board 40 includes a first switch 81, a
second switch 82, a third switch 83, a fourth switch 84,
and a fifth switch 85. The first switch 81 is disposed
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between the signal line 140 and the first signal line 71.
Similarly, the switches 82, 83, 84, and 85 are disposed
between the signal line 140 and the signal lines 72, 73,
74, and 75, respectively.

[0025] The charging connector 5 is attachable to and
detachable from the switching unit 10. The charging
connector 5 and the cable 6 are fixed to the housing 2, for
example, with a bolt BT. To facilitate connection, it is
preferable that each of the output units CN and each of the
cables 6 be provided with a connector. The connector of
the cable 6 is connected to the connector of the output
unit CN. In the present embodiment, the connector of the
cable 6 is attached to the housing 2 with the bolt BT. The
signal line 7 is connected to the switch 8 via the
connector 9. In this manner, the charging connector 5 of
the present embodiment is attachable to and detachable from
the switching unit 10.

[0026] The communication control board 30 controls the
relay 4 in accordance with the created charging schedule.
The communication control board 30 also controls the signal
branching board 40 in accordance with the charging
schedule. For example, in the case of charging a vehicle
connected to the first connector 51 from the charging
station 100, the communication control board 30 turns the
first relay 41 ON and turns the other relays 42, 43, 44,
and 45 OFF. The communication control board 30 also
instructs the signal branching board 40 to turn the first
switch 81 ON and the other switches 82, 83, 84, and 85 OFF.
As a result, the vehicle connected to the first connector
51 is connected to the charging cable 120 and the signal
line 140 of the charging station 100.

[0027] In the case where charging is complete and the

first connector 51 is disconnected from the charging
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station 100, the communication control board 30 turns the
first relay 41 OFF. Furthermore, the communication control
board 30 instructs the signal branching board 40 to turn
the first switch 81 OFF.

[0028] As illustrated in FIG. 4, the server 300
communicates with the control unit 20, a mobile terminal
200 of the user, and a management server 500 via an
Internet network 400. The server 300 is, for example, a
cloud server, but is not limited thereto. The management
server 500 is a server that executes payment processing for
the charging station 100.

[0029] The server 300 includes a creation unit 310 and a
payment agency unit 320. The creation unit 310 creates a
charging schedule for the charging cable 120. The payment
agency unit 320 performs payment for the charging fee to
the management server 500 on behalf of the user. The
payment agency unit 320 collects, from the user, the
charging fee paid on behalf of the user. Moreover, the
payment agency unit 320 can execute payment to the
management server 500 after collecting the charging fee
from the user.

[0030] The operation of the charging system 1 according
to the present embodiment is described with reference to
FIG. 5. 1In step S10, the user connects the charging
connector 5 to the vehicle. For example, in the case of
the parking lot PK illustrated in FIG. 2, the user parks
the vehicle in any one of the parking spaces from the first
space P1 to the fifth space P5. The user connects the
charging connector 5 corresponding to the parking space to
be used to an inlet of the vehicle. After execution in
step S10, the process proceeds to step S5S20.

[0031] In step S20, the user enters information to

identify the circuit to be used for the charging. The



10

15

20

25

30

11

processing in step S20 is executed, for example, by an
application program installed on the mobile terminal 200 of
the user. As illustrated in FIG. 6, the application
program displays a message on the mobile terminal 200
prompting the user to enter the parking space number and to
read (scan) the two-dimensional (2D) code on the charging
connector 5.

[0032] In this example, the user's vehicle is a wvehicle
Cl illustrated in FIG. 2. In this case, the number
assigned to the first space Pl in which the vehicle C1l is
parked is "1". The user enters "1" as the parking space
number. As illustrated in FIG. 1, each of the charging
connectors 5 is provided with a two-dimensional code 50,
such as a QR code (registered trademark). The two-
dimensional code 50 includes information used to identify
the respective charging connectors 5. For example, the
two-dimensional code 50 of the first connector 51 includes
information indicating that the charging connector 5 having
the two-dimensional code 50 is the first connector 51. The
two-dimensional code 50 can also include information used
to identify the charging station 100. The user reads the
two-dimensional code 50 with a camera of the mobile
terminal 200.

[0033] The entered parking space number and the
information contained in the read two-dimensional code 50
are transmitted from the mobile terminal 200 to the server
300. Upon receipt of the parking space number and the
information contained in the two-dimensional code 50 by the
server 300, the process proceeds to step S30.

[0034] In step S30, a determination is made as to
whether another user is using the relevant parking space
number. The server 300, upon receiving a charging request

from a user for each parking space number, sets the status
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of the relevant parking space number to "in use". In the
case where the charging connector 5 corresponding to the
relevant parking space number is removed from the wvehicle,
the server 300 releases the relevant number. In other
words, the status of the parking space corresponding to the
relevant number is set to available for use. In the case
where the parking space number obtained in step S20 1is
available, the server 300 makes a positive determination in
step S30 and instructs the application program to proceed
to the subsequent entry. If the positive determination is
made in step S30, the process proceeds to step S50, whereas
if a negative determination is made, i.e., the number is in
use, the process proceeds to step S5S40.

[0035] In step S40, a termination announcement is made.
The server 300 issues a command via communication to the
application program to make a termination announcement.

The application program performs a display or audio output
of the termination announcement. The termination
announcement notifies the user that the desired parking
space number is already in use and prompts the user to use
another parking space number. After execution in step S40,
the process proceeds to step S10.

[0036] In step S50, the user's desired charging duration
is entered. As illustrated in FIG. 7, the application
program displays on the mobile terminal 200 a prompt to
enter the desired charging start time point and charging
duration. The start time point and the charging duration
desired by the user and entered via the mobile terminal 200
are transmitted to the server 300. Once the server 300
receives the desired start time point and charging
duration, the process proceeds to step S60.

[0037] In step S60, a charging schedule is created. The

charging schedule is created by the creation unit 310 of
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the server 300. The creation unit 310 creates the charging
schedule for the charging cable 120 based on the user's
preferences acquired in step S50 and the preferences of
other users acquired from other users. The charging
schedule is an allocation of charging duration to each
parking space. In other words, the creation unit 310
performs allocation of charging duration to each of the
charging connectors 5 in the charging schedule.

[0038] In the charging system 1 according to the present
embodiment, the count of vehicles that are chargeable from
one charging cable 120 is one. Thus, if desired charging
durations overlap among multiple users, the adjustment of
charging durations is performed. In the case the desired
charging durations overlap among multiple users, the server
300 creates a charging schedule in which, for example, a
user who enters desired charging duration earlier is given
priority. Once the charging schedule is created, the
process proceeds to step S70.

[0039] In step S70, the charging duration notification
is made. The server 300 transmits the scheduled charging
duration to the mobile terminal 200. The mobile terminal
200 of the user displays the scheduled charging start time
point and charging duration. Moreover, the charging end
time point can be notified instead of the charging
duration. After execution in step S70, the process
proceeds to step S80.

[0040] In step S80, standby is performed until the
charging begins. The charging connector 5 of the parking
space corresponding to the number entered in step S20
remains in a standby state until the scheduled time point.
After execution in step S80, the process proceeds to step
S90.

[0041] In step S90, a determination is made as to
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whether the arrival of the charging start time point
occurs. If the positive determination is made in step S90
that the charging start time point arrives, the process
proceeds to step S100, whereas if the negative
determination is made, the process proceeds to step S80.
[0042] In step S100, a charging start announcement is
made. The server 300 issues, via communication, a command
to the application program to provide the charging start
announcement. The application program performs a display
or audio output indicating the arrival of the charging
start time point. After execution in step S100, the
process proceeds to step S110.

[0043] In step S110, a determination is made as to
whether charging is permitted. In the charging start
announcement, the application program asks the user as to
whether charging may be started. If the user's response to
the question indicates that charging is permitted, a
positive determination is made in step S110. The
application program transmits the user's response to the
server 300. If the positive determination is made in step
S110, the process proceeds to step 5130, whereas if the
negative determination is made, the process proceeds to
step S120.

[0044] In step S120, the charging reservation is
canceled and processing for reviewing the charging duration
is performed. The server 300 creates a charging schedule
excluding the canceled charging reservation. After
execution in step S120, the process proceeds to step S150.
[0045] In step S130, charging of the vehicle begins.
The processing sequence for charging the vehicle is
described with reference to FIG. 8. In process Prl, a
charging request is made from the application program to

the charging system 1. This charging request corresponds,



10

15

20

25

30

15

for example, to the permission for charging in step S110.
[0046] In process Pr2, a pre-start check is performed by
the charging system 1. The communication control board 30
turns ON the relay 4 and the switch 8 corresponding to the
vehicle to be charged and turns OFF the other relays 4 and
the other switches 8. The communication control board 30
acquires, via the signal line 7, the battery voltage of the
target vehicle. If the battery voltage is detected, the
pre-start check is completed.

[0047] In process Pr3, a charging instruction is
transmitted from the charging system 1 to the charging
station 100. The charging system 1 transmits, for example,
the desired charging duration to the charging station 100.
[0048] In process Pr4, a message is transmitted from the
charging station 100 to the charging system 1 indicating
start of charging of the vehicle.

[0049] In process Prb5, a message indicating the start of
charging is transmitted from the charging system 1 to the
mobile terminal 200 of the user. The application program
displays a message indicating the start of charging.

[0050] In process Pr6, a charging termination
notification is performed. Upon completing charging of the
vehicle, the charging station 100 transmits a message
indicating completion of charging to the charging system 1.
[0051] In process Pr7, a charging termination
announcement to the user is performed. The charging system
1 transmits a message indicating termination of charging to
the mobile terminal 200 of the user. The application
program displays the message indicating termination of
charging.

[0052] In process Pr8, an instruction is transmitted
from the charging system 1 to the mobile terminal 200 of

the user to disconnect the connector. The application
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program displays a message prompting the user to remove the
charging connector 5 from the vehicle.

[0053] In process Pr9, a pre-termination check is
performed. The charging system 1 performs a final check.
The pre-termination check includes checking the removal of
the charging connector 5 from the wvehicle.

[0054] In step S130 of FIG. 5, for example, the
processes Pr2 to Pr5 of FIG. 8 are executed. After
execution in step S130, the process proceeds to step S140.
[0055] In step S140, a determination is made as to
whether charging is complete. In the case where the
charging completion message of the process Pr6 illustrated
in FIG. 8 is received, a positive determination is made in
step S140. If a positive determination is made in step
5140, the process proceeds to step 5150, whereas if a
negative determination is made, the determination in step
S140 is repeated.

[0056] In step S150, processing for disconnecting the
charging connector 5 is performed. The charging system 1
executes the processes Pr7 and Pr8 illustrated in FIG. 8 to
prompt the user to remove the charging connector 5 from the
vehicle. After execution in step S150, the process
proceeds to step S160.

[0057] In step S160, a determination is made as to
whether the voltage of the voltage monitor is 0 [V]. The
detection unit of the communication control board 30
acquires the battery voltage of the target vehicle wvia the
signal line 7. If the acquired battery voltage is 0 [V], a
positive determination is made in step S160 indicating the
removal of the charging connector 5. If a positive
determination is made in step S160, the process proceeds to
step S180, whereas if a negative determination is made, the

process proceeds to step S170.
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[0058] In step S170, a re-instruction for connector
disconnection is issued. The charging system 1 again
executes the process Pr8 illustrated in FIG. 8. After
execution in step S170, the process proceeds to step S160.
[0059] In step S180, termination processing is
performed. In the present embodiment, the termination
processing includes charging-fee payment processing. The
charging-fee payment processing is performed, for example,
in accordance with the processing sequence illustrated in
FIG. 9.

[0060] The payment of the charging fee by the user is
executed, for example, with the switching unit 10. The
payment can be made by using credit card, electronic money,
two-dimensional code payment, or any other methods. The
switching unit 10 acquires information regarding a charging
fee of each user from the charging station 100. The
information regarding the charging fee can also be acquired
via the server 300 or the management server 500.

[0061] The switching unit 10 collects fees from each

user. For example, the switching unit 10 bills a user A

for a charging fee "a" and a handling fee "a" for the
vehicle of the user A. The billing amount is transmitted
to the mobile terminal 200 of the user A. The user A pays
the billed fee using any payment method. The switching
unit 10 similarly bills users B and C and collects fees.
[0062] The charging fee of each user is paid from the
charging system 1 to the charging station 100. The
charging fee is paid, for example, from the switching unit
10 via the server 300 and the management server 500. 1In
this case, the charging fees of multiple users can be paid
in aggregate. For example, a fee T can be paid from the
switching unit 10 to the charging station 100. The fee T

is equal to the sum of user A's charging fee "a", user B's
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charging fee "b", and user C's charging fee "c".

[0063] The payment of the charging fees in the charging
system 1 is performed by the payment agency unit 320 of the
server 300. The user-side payment procedure for payment of
the charging fee to the charging system 1 can be performed
between the mobile terminal 200 of the user and the
switching unit 10, or between the mobile terminal 200 and
the payment agency unit 320. In the case where collection
of the fees is performed between the mobile terminal 200
and the payment agency unit 320, the payment agency unit
320 acquires information regarding the charging fee and the
parking space number, for example, from the communication
control board 30 of the charging station 100 or the
management server 500.

[0064] The fee payment processing of the present
embodiment allows the user to pay the charging fee at the
plurality of charging stations 100 using any payment
method. For example, it is possible to perform payment
using electronic money even at a charging station 100 that
does not offer electronic money as a payment method option.
[0065] After execution of the termination processing
including payment processing in step S180, the process
proceeds to step S190. In step S190, the number assigned
to the disconnected charging connector 5 is released to be
made available. Once step S190 is executed, the flowchart
ends.

[0066] Moreover, in the case where the plurality of
charging stations 100 are operated under a common power
service contract, it is desirable to create the charging
schedule so that the power consumption does not exceed the
contracted power. In FIG. 10, as the charging station 100,
two charging stations of a first station 100A and a second

station 100B are illustrated. The two stations 100A and
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100B are supplied with electric power under the common
power service contract. The contracted power in the power
service contract is Z [kW].

[0067] The first station 100A is connected to a first
unit 10A, which is the switching unit 10. The second
station 100B is connected to a second unit 10B, which is
the switching unit 10. The first station 100A includes a
plurality of charging connectors 5i (i =1, 2,...). The
charging power of a vehicle connected to the charging
connector 5i is xi [kW]. The second station 100B includes
a plurality of charging connectors 53 (3 =1, 2,...). The
charging power of a vehicle connected to the charging
connector 53 is y3j [kW].

[0068] The server 300 receives a charging request from
the mobile terminal 200 of the user and creates a charging
schedule for the first station 100A and the second station
100B. The charging power for each vehicle can be entered
by the user or acquired from the vehicle via the switching
unit 10.

[0069] The server 300 determines whether concurrent
charging is possible at the two charging stations 100 based
on the charging request for the first station 100A and the
charging request for the second station 100B. If a
charging request would result in concurrent charging, a
determination is made as to whether such concurrent
charging is permissible.

[0070] For example, in FIG. 10, the charging duration
slot desired by the user of a vehicle X connected to the
first station 100A overlaps with the charging duration slot
desired by the user of a vehicle Y connected to the second
station 100B. In this case, the server 300 determines
whether concurrent charging is possible without exceeding

the contracted power. The charging power of the vehicle X
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is x1 [kW], and the charging power of the vehicle Y is yl
[kW] . The concurrent charging is permitted if the
following Formula (1) is satisfied.

z > x1 + yl (1)
[0071] On the other hand, 1f Formula (1) mentioned above
is not satisfied, i.e., if the sum of the charging powers
of the two vehicles is equal to or greater than the
contracted power, the concurrent charging is prohibited.

In such a case, the creation unit 310 of the server 300 can
give priority to the user who transmitted the charging
request earlier. For example, if the user of the vehicle X
that transmitted a charging request earlier, the charging
schedules for the stations 100A and 100B are created so
that charging for the vehicle Y is performed after charging
for the vehicle X.

[0072] The server 300 can also create the charging
schedules for three or more charging stations 100. In the
case where two or more charging stations 100 are charging
in concurrent, the server 300 permits concurrent charging
provided that the total charging power during the
concurrent period is less than the contracted power. On
the other hand, if the total charging power during the
concurrent charging is equal to or greater than the
contracted power, the concurrent charging is restricted.
The creation unit 310 of the server 300 prohibits the
concurrent charging or limits the count of the charging
stations 100 allowed to charge concurrently, so that the
total charging power remains below the contracted power.
[0073] Moreover, upon acceptance of a charging request,
the communication control board 30 can check whether the
number assigned to the parking space matches the number
assigned to the charging connector 5. If the number

assigned to the parking space entered in step S20 does not
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match the number assigned to the charging connector 5
indicated by the two-dimensional code 50, the system
determines that this is a user input error and issues an
announcement equivalent to the termination announcement in
step S40. This suppresses, in advance, situations in which
the user inadvertently submits a charging request for
another wvehicle.

[0074] The switching unit 10 is not limited to an add-on
unit attached to the charging station 100. The switching
unit 10 can be configured as part of the charging station
100. For example, the switching unit 10 can be located in
the main body 110 of the charging station 100. In this
case, the switching unit 10 can be accommodated inside the
main body 110.

[0075] FIG. 11 illustrates the switching unit 10
disposed inside the main body 110. The switching unit 10
includes the input unit 3 to which the charging cable 120
is connected. The input unit 3 is, for example, a terminal
to which the charging cable 120 is connected. From the
input unit 3, a cable branches to each of the relays 41,
42, 43, 44, and 45. The signal line 140 is connected to
the signal branching board 40 of the switching unit 10
inside the main body 110. The switching unit 10 is
arranged, for example, so that the output unit CN is
exposed from the housing of the main body 110. Each of the
cables 6 is connected to the output unit CN.

[0076] As described above, the charging system 1
according to the present embodiment includes the plurality
of charging connectors 5, the switching unit 10, the
creation unit 310, and the control unit 20. The plurality
of charging connectors 5 are arranged at the charging
station 100 that charges a vehicle. The switching unit 10

is disposed between one of the charging cables 120 at the
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charging station 100 and the plurality of charging
connectors 5. The creation unit 310 creates a charging
schedule for the charging cable 120 based on a charging
request from a user via wireless communication. The
control unit 20 controls the switching unit 10 based on the
created charging schedule and connects the charging cable
120 to one of the charging connectors 5 that is connected
to the vehicle to be charged.

[0077] In the charging system 1 according to the present
embodiment, the plurality of charging connectors 5 are
provided for one charging cable 120. The control unit 20
controls the switching unit 10 based on the charging
schedule and connects the charging cable 120 to the wvehicle
to be charged. The charging system 1 according to the
present embodiment is capable of improving user convenience
by enabling a charging request to be performed via wireless
communication.

[0078] In the present embodiment, each of the plurality
of charging connectors 5 is provided with the two-
dimensional code 50 that identifies the charging connector
5. The charging request includes information regarding the
two-dimensional code 50, which is read by a user operation,
and information regarding the charging period. The
creation unit 310 performs assignment of charging durations
to the respective charging connectors 5 in the charging
schedule. The use of the two-dimensional code 50 in the
charging request reduces the likelihood of incorrectly
entering the number assigned to the charging connector 5.
[0079] In the present embodiment, the switching unit 10
includes the input unit 3, the plurality of output units
CN, and the plurality of relays 4. The input unit 3 1is
connected to the charging cable 120 of the charging station
100. The output unit CN is attachably and detachably
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connected to the charging connector 5. The relay 4 is
configured to connect the input unit 3 to each of the
output units CN or disconnect the input unit 3 from each of
the output units CN. The charging connector 5 attachable
to and detachable from the output units CN enables the
count of charging connectors 5 used to be flexibly changed.
[0080] One example of the input unit 3 is an inlet
connected to the connector 130 for charging included in the
charging station 100. In this case, the switching unit 10
can be configured as an add-on unit installed on an
existing charging station 100.

[0081] The charging system 1 according to the present
embodiment includes the detection unit that detects the
battery voltage of the vehicle connected to the charging
connector 5. The control unit 20 checks the detachment of
the charging connector 5 from the vehicle based on the
battery voltage. This makes it possible to check the
attachment and detachment status of the charging connector
5 to and from the wvehicle.

[0082] The charging system 1 according to the present
embodiment includes the payment agency unit 320. The
payment agency unit 320 executes payment processing of the
charging fee to the charging station 100 and, via
communication with the mobile terminal 200 of the user,
handles collection of the charging fee. It is possible for
the payment agency unit 320 to improve user convenience in
payment of the charging fee.

[0083] Moreover, the creation unit 310, which creates
the charging schedule, can be provided in the control unit
20 instead of the server 300. In this case, the control
unit 20 can perform acceptance of a charging request,
creation of the charging schedule, and notification to the

user of the determined charging duration. In the case
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where the plurality of charging stations 100 are operated
under a common electricity service contract, it is
preferable that the control unit 20 connected to any one of
the charging stations 100 perform integrated control. The
control unit 20 that performs integrated control creates
the charging schedules for all the charging stations 100.
In this case, it is preferable that the plurality of
control units 20 communicate with one another so that the
charging requests are aggregated to a single control unit
20.
[0084] The count of the charging connectors 5
connectable to the switching unit 10 is not limited to five
as illustrated.
[0085] The matters disclosed in each of the above
embodiments can be implemented in any appropriate
combination.
Reference Signs List
[0086] 1 CHARGING SYSTEM

2 HOUSING

3 INPUT UNIT

4 RELAY

41 FIRST RELAY

42 SECOND RELAY

43 THIRD RELAY

44 FOURTH RELAY

45 FIFTH RELAY

5 CHARGING CONNECTOR

51 FIRST CONNECTOR

52 SECOND CONNECTOR

53 THIRD CONNECTOR

54 FOURTH CONNECTOR

55 FIFTH CONNECTOR

6 CABLE
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63
64
65

25

FIRST CABLE
SECOND CABLE
THIRD CABLE
FOURTH CABLE
FIFTH CABLE

7 SIGNAL LINE

71 FIRST SIGNAL LINE
72 SECOND SIGNAL LINE
73 THIRD SIGNAL LINE
74 FOURTH SIGNAL LINE
75 FIFTH SIGNAL LINE
8 SWITCH

81 FIRST SWITCH

82 SECOND SWITCH

83 THIRD SWITCH

84 FOURTH SWITCH

85 FIFTH SWITCH

9 CONNECTOR

10
20
30
40
50
100
110
120
130
140
150
200
300
310
320

SWITCHING UNIT
CONTROL UNIT

COMMUNICATION CONTROL BOARD

SIGNAL BRANCHING BOARD
TWO-DIMENSIONAL CODE
CHARGING STATION
MATIN BODY

CHARGING CABLE
CONNECTOR

SIGNAL LINE

CONTROL CIRCUIT
MOBILE TERMINAL
SERVER

CREATION UNIT
PAYMENT AGENCY UNIT
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500
BT
C1,
CN
CN1
CN2
CN3
CN4
CN5
P1
P2
P3
P4
P5
PK
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INTERNET NETWORK
MANAGEMENT SERVER
BOLT
c2, C3, C4, C5 VEHICLE
OUTPUT UNIT
FIRST OUTPUT UNIT
SECOND OUTPUT UNIT
THIRD OUTPUT UNIT
FOURTH OUTPUT UNIT
FIFTH OUTPUT UNIT
FIRST SPACE
SECOND SPACE
THIRD SPACE
FOURTH SPACE
FIFTH SPACE
PARKING LOT
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CLATIMS
1. A charging system comprising:

a plurality of charging connectors disposed at a
charging station that charges a vehicle;

a switching unit disposed between one charging cable
of the charging station and the plurality of charging
connectors;

a creation unit configured to create a charging
schedule for the charging cable based on a charging request
from a user via wireless communication; and

a control unit configured to, based on the created
charging schedule, control the switching unit and connect
the charging cable to one of the charging connectors

connected to a vehicle to be charged.

2. The charging system according to claim 1, wherein

each of the plurality of charging connectors is
provided with a two-dimensional code used to identify the
charging connector,

the charging request includes information regarding
the two-dimensional code read by a user operation and
information regarding a desired charging duration, and

the creation unit performs assignment of the charging
duration to each of the charging connectors in the charging

schedule.

3. The charging system according to claim 1, wherein

the switching unit includes an input unit connected to
the charging cable, a plurality of output units to which
each of the charging connectors is attachably and
detachably connected, and a plurality of relays configured
to connect the input unit to each of the output units or

disconnect the input unit from each of the output units.
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4. The charging system according to claim 3, wherein
the input unit is an inlet connected to a connector

for charging included in the charging station.

5. The charging system according to claim 1, further
comprising:
a detection unit configured to detect a battery
voltage of a vehicle connected to the charging connector,
wherein the control unit is configured to check, based
on the battery voltage, removal of the charging connector

from the vehicle.

6. The charging system according to claim 1, further
comprising:

a payment agency unit configured to perform payment
processing of a charging fee to the charging station and to
perform collection of the charging fee via communication

with a mobile terminal of the user.



