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Description
TECHNICAL FIELD
[Reference to Related Application]

[0001] The presentinvention is based upon and claims
the benefit of the priority of Japanese patent application
No. 2020-081718 filed on May 7, 2020, the disclosure of
which is incorporated herein in its entirety by reference
thereto.

[0002] The present apparatus, etc. relate to a technol-
ogy for achieving power saving by controlling an in-ve-
hicle network.

BACKGROUND

[0003] In recent years, vehicles that travel while ac-
quiring information such as the conditions and the envi-
ronment inside the car with sensors have become com-
mon. The acquired information is collected by an infor-
mation processing apparatus such as an ECU (Electronic
Control Unit) via an in-vehicle network. Meanwhile,
whether a vehicle runs on electricity or gasoline, it is nec-
essary to save energy as much as possible so as to in-
crease the mileage. Therefore, it is desirable that an in-
vehicle network operate with low power consumption.
[0004] Patent Literature 1 discloses a vehicle commu-
nication unit capable of reducing power consumption
when not needed. More concretely, this unit collects ve-
hicle information at a predetermined frequency while the
vehicle is running and displays the information on a mo-
bile device. When the vehicle is stopped, since it is less
necessary to display the vehicle information compared
with when it is running, an operation called a power sav-
ing mode is used to decrease the frequency of collecting
the vehicle information and reduce the power consump-
tion of the vehicle communication unit and the mobile
device as compared with normal mode.

[0005] Patent Literature 2 discloses a node control ap-
paratus in a network system based on Software-Defined
Networking (SDN) technology. More concretely, this ap-
paratus controls a communication interface provided to
aport of each node in the network according to a physical
layer mode indicated by the control apparatus. Patent
Literature 2 states that the power consumption of the port
can be adjusted by switching the mode.

CITATION LIST
PATENT LITERATURE
[0006]
[Patent Literature 1]
Japanese Patent

JP2018-074204A
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International Publication Number
WO02016/157847A
[Patent Literature 3]
International
WO02016/157844A
[Patent Literature 4]
International
W02016/157845A
[Patent Literature 5]
International
W02016/157846A
[Patent Literature 6]
Japanese Patent

JP2014-236492A

Publication Number

Publication Number

Publication Number

Kokai Publication No.

SUMMARY
TECHNICAL PROBLEM

[0007] The disclosure of each Patent Literature cited
above is incorporated herein in its entirety by reference
thereto. The following analysis was made by the present
inventors.

[0008] As described above, in order to reduce power
used foracommunication network, by turning offthe pow-
er of a connection port of a network device (router or
network switch) that controls a communication path or
setting itto a power saving mode at specified time periods
or according to network conditions such as traffic volume,
itis possible to decrease the power required for the entire
network.

[0009] However, since it is difficult to determine the
timing of changing a normal state to a power saving state
or restoring the normal mode from the power saving
mode, there is a problem that power saving is insufficient
as a result. Further, if devices connected to an in-vehicle
network perform power saving asynchronously, each de-
vice transitions from a power saving state to a normal
state asynchronously as well. As a result, when a device
in a power saving state receives normal-state network
traffic from a communication partner device in a normal
state, it cannot process the data, causing a packet loss.
Due to the fact that a vehicle is constantly moving, an in-
vehicle network must be controlled instantly, and if a
packet loss forces the data to be retransmitted, this leads
to a delay in operation, causing a big problem.

[0010] Therefore, it is a main object of the present in-
vention in one aspect to provide a network control appa-
ratus that contributes to saving power of equipment con-
nected to an in-vehicle network as an entire vehicle.

SOLUTION TO PROBLEM

[0011] According to a first aspect of the present inven-
tion, there is provided a network control apparatus com-
prising a vehicle state acquisition part that acquires the
state of a vehicle; a control profile acquisition part that
acquires a control profile, according to the acquired ve-
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hicle state, from one or more control profiles including
settings for controlling equipment connected to an in-ve-
hicle network; and a control part that controls equipment
within the in-vehicle network on the basis of the acquired
control profile.

[0012] According to a second aspect of the present
invention, there is provided a network control method
comprising a vehicle state acquisition step of acquiring
the state of a vehicle; a control profile acquisition step of
acquiring a control profile, according to the acquired ve-
hicle state, from one or more control profiles including
settings for controlling equipment connected to the in-
vehicle network; and a control step of controlling equip-
ment within the in-vehicle network on the basis of the
acquired control profile.

[0013] Accordingto a third aspect of the presentinven-
tion, there is provided a network control program for caus-
ing a computer to execute a process of acquiring the
state of a vehicle; a process of acquiring a control profile,
according to the acquired vehicle state, from one or more
control profiles including settings for controlling equip-
ment connected to the in-vehicle network; and a process
of controlling equipment within the in-vehicle network on
the basis of the acquired control profile.

[0014] Further, this program can be stored in a com-
puter-readable storage medium. The storage medium
may be a non-transient one such as a semiconductor
memory, a hard disk, a magnetic recording medium, an
optical recording medium, and the like. The present in-
vention can also berealized as a computer program prod-
uct.

ADVANTAGEOUS EFFECTS OF INVENTION

[0015] According to each aspect of the present inven-
tion, there is provided a network control apparatus that
contributes to saving power by acquiring the state inside
a vehicle and controlling each piece of equipment con-
nected to an in-vehicle network by applying the optimum
settings (profile) thereto according to the acquired state.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

Fig. 1 is a block diagram showing an example of a
network control apparatus according to an example
embodiment.

Fig. 2 is a block diagram showing an example of a
network control apparatus according to a first exam-
ple embodiment.

Fig. 3 is a block diagram illustrating a configuration
example of the network control apparatus according
to the first example embodiment.

Fig. 4 is a drawing for explaining the content of an
example of a control profile of the network control
apparatus according to the first example embodi-
ment.
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Fig. 5 is a flowchart showing a flow of processing
performed by the network control apparatus accord-
ing to the first example embodiment.

Fig. 6 is a block diagram showing an example of the
hardware configuration of the network control appa-
ratus according to the first example embodiment.
Fig. 7 is a block diagram for explaining the functions
of anetwork control apparatus according to a second
example embodiment.

Fig. 8 is a block diagram for explaining the functions
of a network control apparatus according to a third
example embodiment.

Fig. 9 shows an example of a vehicle state transition
information table in the network control apparatus
according to the third example embodiment.

Fig. 10 is a flowchart showing a flow of processing
performed by the network control apparatus accord-
ing to the third example embodiment.

Fig. 11 is a block diagram showing an example of
the hardware configuration of the network control ap-
paratus according to the third example embodiment.
Fig. 12 shows another example of the vehicle state
transition information table in the network control ap-
paratus according to the third example embodiment.

EXAMPLE EMBODIMENT

[0017] First, an outline of an example embodiment will
be given. It should be noted that the drawing reference
signs in the outline are given to each element for con-
venience as an example to facilitate understanding, and
the description in this outline is not intended to be any
limitation.

[0018] A network control apparatus 01 according to an
example embodiment has a vehicle state acquisition part
02 that acquires the state of a vehicle; a control profile
acquisition part 03 that acquires a control profile, accord-
ing to the acquired vehicle state, from one or more control
profiles including settings for controlling equipment con-
nected to the in-vehicle network; and a control part 04
that controls equipment within the in-vehicle network on
the basis of the acquired control profile.

[0019] The network control apparatus 01 according to
an example embodiment contributes to saving power in
the entire network by distributing to each network device
a control profile, which is network control content speci-
fied in advance to achieve power saving using not only
information related to the in-vehicle network, but also in-
formation related to the state of the vehicle, and applying
the control profile to each network device.

[0020] Specific example embodiments will be de-
scribed below in more detail with reference to the draw-
ings. Note that the same reference signs are given to the
same elements in each example embodiment, and the
description thereof will be omitted.
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[First Example Embodiment]

[0021] Fig. 2 is a drawing showing an outline of the
configuration of the network control apparatus 01 accord-
ing to the present example embodiment. As shown in the
drawing, the network control apparatus has the vehicle
state acquisition part 02, the control profile acquisition
part 03, the control part 04, a communication port #1 05,
and a communication port #2 06.

[0022] Further, as shown in Fig. 3, a plurality of the
network control apparatuses 01, operating in coopera-
tion, may be provided in a vehicle. One may adopt a
configuration in which the apparatuses are configured
more or less identically and there is a master/slave rela-
tionship between the apparatuses with a master network
control management apparatus managing slave appara-
tuses provided.

[Vehicle State Acquisition Part]

[0023] The vehicle state acquisition part 02 acquires
the state of a vehicle. The term "vehicle" generally refers
to an automobile, however, the present apparatus can
be applied to an object that moves autonomously such
as a ship and railway vehicle without being limited there-
to. A "vehicle state" denotes a state that can be grasped
from information that can be acquired from driving-relat-
ed equipment (engines, tires, steering, brakes, transmis-
sions, etc.) and additional equipment (doors, tailgates,
windscreen wipers, seats, air conditioners, power win-
dows, audio equipment, meter panels, information termi-
nals, etc.) in the vehicle, information that can be acquired
from a control system for controlling these pieces of
equipment, information that can be acquired from sen-
sors attached thereto, and information (routers, switches,
etc.) related to an in-vehicle network to which these piec-
es ofequipment are connected. State parametersinclude
engine revolutions per minute, speed, steering angle,
whether or not the brakes are used, gear stage, whether
a door/tailgate is open or closed, whether or not the wip-
ers are operating, the angle of a seat back, air condition-
ing air volume, whether a window is open or closed, the
source of audio, the type of information displayed on the
meter panel or an information terminal, and the power
consumption or operating mode (low power consumption
mode, standby mode, etc.) of equipment. These param-
eters are collected via the in-vehicle network and output-
ted to the control profile acquisition part 03.

[Control Profile Acquisition Part]

[0024] The control profile acquisition part 03 acquires
a control profile, according to the acquired vehicle state,
from one or more control profiles including settings for
controlling equipment connected to the in-vehicle net-
work. The "control profile" is a comprehensive list that
includes settings for each piece of equipment as de-
scribed above and it may be selected from one or more
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profiles generated in advance and stored in a storage
area or may be newly generated on the spot according
to the vehicle state. Alternatively, a control profile may
be generated by partially modifying an existing profile as
a base according to the vehicle state. The profile may
include the settings for an entire piece of equipment or
may be a partial profile describing the settings for a part
of equipment.

[0025] Fig. 4 is a drawing for explaining the content of
an example of the control profile. As shown in the draw-
ing, each piece of controlled equipment is listed in asso-
ciation with its setting. Fig. 4 shows an example of the
control profile applied to a state in which the vehicle is
stopped and the driver is outside the car. For instance,
awireless module #1 is active for a keyless entry function
to stand by and a central door lock control unit is in a low-
power consumption standby state. Out of a plurality of
ECUs, an ECU #1 that controls the central door lock con-
trol unit is in a standby state, and an ECU #2 is active.
This is because the ECU #2 controls the wireless mod-
ule#1 and needs to be active waiting for radio waves from
the key. When radio waves from the key arrive at the
wireless module #1 via an antenna, the ECU #2 sends
a trigger to the ECU #1, which then becomes active. The
ECU #1 activates the central door lock control unit from
the standby state by transmitting a trigger thereto. The
central door lock control unit sends a signal to an actuator
to open or close the door lock. Further, with respect to
communication ports, the communication port # 1 on the
path between the ECU # 2 and the ECU # 1 is set to be
active. Other unnecessary ECUs, communication ports,
cameras, sensors, video display units, etc., are turned
off in order to reduce power consumption.

[0026] The control profile optimizes the power con-
sumption of each piece of equipment to achieve power
saving. For instance, the optimization may be achieved
by maintaining the functions required for an assumed
vehicle state and minimizing the total power consumption
of the equipment.

[0027] The control profile described above lists the set-
tings related to power saving for each piece of equipment,
however, the control profile acquisition part 03 may ac-
quire a control profile grouping a plurality of pieces of
equipment and the control part 04 may control equipment
on agroup basis. Forinstance, itis possible to collectively
control equipment required for driving at night such as
headlights, tail lamps, interior lights, and the control units
thereof by grouping them, turning the group off during
daytime driving, and changing the state thereof from the
off state to a standby state and then to an active state
according to a value measured by an illuminance sensor.
Further, the group may be activated in a mountainous
area where lights are often needed in tunnels and deac-
tivated in urban areas. Therefore, it is possible to pre-
cisely control the power consumption of each group ac-
cording to the road environment, reducing the power con-
sumption as a result. In addition, by having grouped
equipment close to each other in terms of the network
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topology and having them use common switches and
communication ports, it becomes possible to deactivate
the network devices such as the switches and the com-
munication ports when a group of connected equipment
is in hibernation, further decreasing the power consump-
tion.

[Control Part]

[0028] The control part 04 controls equipment within
the in-vehicle network on the basis of the acquired control
profile. More concretely, the control part 04 reads a con-
trol profile such as the one described above and controls
equipment, applying the written settings thereto. The
control part 04 may directly transmit a control signal to a
piece of equipment or indirectly control it via a control
unitoran ECU. Further, from the vehicle state acquisition
part 02, the control part 04 is able to obtain feedback on
the result of executing control and further execute control
on the basis of this feedback.

[0029] The control part 04 has the communication port
#1 05 and the communication port#2 06, described later,
and communication transfer between communication
ports, communication interruption, leasing and releasing
of a network address required for communication, etc.,
are possible under the control of the control part 04. The
control profile may also include settings for such control.

[Communication Port]

[0030] The communication port#1 05 and the commu-
nication port #2 06 communicate with other apparatuses
and devices. A port in the present disclosure refers to a
so-called input/output port and denotes a terminal of a
network interface. Although the network control appara-
tus 01 in the first example embodiment has two commu-
nication ports, the number of communication ports is not
particularly limited to two and any number of ports may
be provided.

[0031] As described above, in the network control ap-
paratus 01 in the present disclosure, the control part 04
controls the communication ports. Generally speaking,
the power consumption of communication ports increas-
es as more ports are used. Therefore, it is possible to
save power by creating a control profile optimized for a
communication path that uses as few communication
ports as possible.

[0032] Further, the power consumption of a communi-
cation port generally changes according to a communi-
cation mode that sets the communicable band (for in-
stance, 10 Mbps, 100 Mbps, 1000 Mbps), and the wider
the communication band, the more power is consumed
by the communication port. Therefore, it is possible to
reduce power consumption by setting a communicable
band according to the traffic in the in-vehicle network. In
other words, power can be saved by putting a commu-
nication port on a path where no communication occurs
in a standby state or in an off state in which no current
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flows in the circuit.

[0033] Asdescribedabove, itis possible to save power
further by taking into consideration the fact that the power
consumption of a communication port changes accord-
ing to how the communication band is set. For instance,
the power consumption of the entire vehicle can be min-
imized by using a control profile that corresponds to a
path with traffic distributed across a plurality of slow-
speed ports, rather than a path with traffic concentrated
on a single high-speed communication port.

[Processing Flow]

[0034] Fig.5isaflowchartshowingaflow of processing
performed by the network control apparatus according
to the present example embodiment. As shown in the
drawing, the apparatus first determines whether or not
the state of the vehicle has changed (step S01). When
determining that the vehicle state has changed, the ap-
paratus acquires the state of the vehicle (step S02). Then,
according to the acquired vehicle state, the apparatus
acquires a control profile from one or more control profiles
including settings for controlling equipment connected to
the in-vehicle network (step S03). The apparatus controls
equipment within the in-vehicle network on the basis of
the acquired profile (step S04) and returns again to de-
termining whether or not the state of the vehicle has
changed (the step S01).

[Hardware Configuration]

[0035] Next, the hardware configuration of the network
control apparatus relating to the first example embodi-
ment will be described. Fig. 6 is a block diagram showing
an example of the hardware configuration of the network
control apparatus 01 relating to the first example embod-
iment.

[0036] The network control apparatus 01 can be con-
stituted by an information processing apparatus (compu-
ter) that comprises the configuration illustrated in Fig. 6.
For instance, the network control apparatus 01 compris-
es a CPU (Central Processing Unit) 101, a memory 102,
an input/output interface 103, and a NIC (Network Inter-
face Card) 104, which is communication means. These
elements are interconnected by an internal bus 105. The
NIC has a communication port.

[0037] It should be noted that the configuration shown
in Fig. 6 is notintended to limit the hardware configuration
of the network control apparatus 01. The network control
apparatus 01 may include hardware not shown in the
drawing or dispense with the input/output interface 103,
depending on the necessity. Further, the example of Fig.
6 does not limit the number of CPUs, etc., included in the
network control apparatus 01, and for instance, a plurality
of CPUs may be included in the network control appara-
tus 01.

[0038] The memory 102 is a RAM (Random Access
Memory), ROM (Read-Only Memory), or auxiliary stor-
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age device (such as a hard disk).

[0039] The input/output interface 103 is means for in-
terfacing a display device or an input device not shown
in the drawing. For instance, the display device is a liquid
crystal display. The inputdevice is, for instance, a device
that accepts user operations such as a touch panel dis-
play.

[0040] The functions of the network control apparatus
01 are realized by the hardware described above and
processing modules such as a vehicle state acquisition
program, a control profile acquisition program, and a con-
trol program. These processing modules are realized by
having the CPU 101 execute, for instance, the vehicle
state acquisition program stored in the memory 102. Fur-
ther, this program may be downloaded via a network or
updated using a storage medium storing the program. In
addition, the processing modules may be realized by a
semiconductor chip. In other words, means for executing
the functions performed by the processing modules using
some kind of hardware and software may be provided.
[0041] When the network control apparatus starts to
operate, each of the programs described above is called
from the memory 102 and is executed by the CPU 101.
The priority of each program, thread, and process is op-
timized, and it is possible to reduce power consumption
by lowering the priority of unused programs thereby re-
ducing the CPU usage.

[0042] Here, when a hardware interrupt that changes
the vehicle state (for instance, door opening or closing
detected by a sensor) occurs, the vehicle state acquisi-
tion program in a standby state is executed by the CPU
101. The program acquires the state of equipment in the
vehicle via the in-vehicle network. The acquired state in
the vehicle is temporarily stored in the memory 102. Next,
the control profile acquisition program is called from the
memory 102 and executed. The program reads the state
in the vehicle temporarily stored in the memory 102 and
then acquires a control profile corresponding to the state
in the vehicle by selecting or generating it. If a plurality
of control profiles are acquired as a result, the program
calculates the total power consumption of each profile
and hands the profile with the lowest power consumption
to the control program. The control program reads the
settings for each piece of equipment written in the profile
and transmits control information corresponding to the
settings via the NIC 104.

[Effects]

[0043] As described, according to the network control
apparatus of the first example embodiment, it is possible
to achieve power saving for an entire vehicle by selecting
a control profile optimized for the state of a vehicle and
applying the selected control profile to equipment con-
nected to an in-vehicle network.
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[Second Example Embodiment]

[0044] Fig. 7 is a block diagram for explaining the func-
tions of the network control apparatus 01 according to a
second example embodiment. As shown in the drawing,
the network control apparatus 01 has the vehicle state
acquisition part 02, the control profile acquisition part 03,
the control part 04, the communication port #1 05, and
the communication port #2 06. Since these elements
have already been explained above, the description
thereof will be omitted. The network control apparatus
01 of the present example embodiment is characterized
by having a clocking part 07 that outputs a signal at a
constant cycle.

[Clocking Part]

[0045] The clocking part 07 outputs a clock signal hav-
ing a constant cycle to the control part 04. Further, the
clocking part 07 may output a clock signal to each piece
of equipment connected to the in-vehicle network and
the control device/control unit that controls it. More con-
cretely, the clocking part 07 may transmit a signal by
various means such as NTP (Network Time Protocol),
|IEEE 802.1AS, IEEE 802.1AServ, and broadcast notifi-
cation. By having the clocking part 07 transmit such a
signal, it becomes possible for each piece of equipment
to operate synchronously according to the signal.
[0046] As for the method for transmitting a signal, the
clocking part 07 may constantly transmit a synchroniza-
tion signal with each piece of equipment operating ac-
cording to the received signal. Alternatively, each piece
of equipment may have a timer, and the clock of each
equipment timer may be adjusted at regular intervals.
[0047] When each piece of equipment can operate
synchronously, it is possible to align the timing of restor-
ing a normal active state from a low-power consumption
standby state. If pieces of equipment are out of sync and
operating separately, a situation occurs in which a device
Areturns to an active state and sends a signal to a device
B, which is still in a standby state when receiving the
signal due to the fact that the device B does not return
to an active state from a standby state synchronously
with the device A, and consequently the signal does not
reach the device B. In this case, a packet loss will occur
in an in-vehicle network in which a signal may be trans-
mitted as a packet, and the signal must be retransmitted.

[Effects]

[0048] Due to the fact that a vehicle is a moving object
with the surrounding environment constantly changing,
anin-vehicle network mustbe controlled instantly. There-
fore, a time lag caused by retransmission may have a
significant effect on the control result. According to the
network control apparatus 01 of the present example em-
bodiment, the timing of restoring an active state from a
standby state can be synchronized, making it possible
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to execute control without any trouble.
[Third Example Embodiment]

[0049] Fig.8is ablock diagram for explaining the func-
tions of the network control apparatus 01 according to a
third example embodiment. As shown in the drawing, the
network control apparatus 01 has the vehicle state ac-
quisition part 02, the control profile acquisition part 03,
the control part 04, the communication port #1 05, and
the communication port #2 06. Since these elements
have already been explained above, the description
thereof will be omitted. The network control apparatus of
the present example embodiment is characterized by
having a vehicle state transition information holding part
08 that states a current vehicle state and a state to which
the current vehicle state may transition in the future and
by having the control profile acquisition part 03 control
the in-vehicle network on the basis of vehicle state tran-
sition information held by the vehicle state transition in-
formation holding part 08, in addition to a vehicle state
acquired by the vehicle state acquisition part 02.

[Vehicle State Transition Information Holding Part]

[0050] The vehicle state transition information holding
part 08 states a vehicle state and another vehicle state
to which the vehicle state may transition in the future. A
"vehicle state" refers to the state of a vehicle acquired
by the vehicle state acquisition part 02. Fig. 9 is a table
showing an example of the vehicle state transition infor-
mation. As shown in the drawing, a vehicle state ID, a
transition destination state ID, and a control profile ID are
stored in association with each other. For instance, ve-
hicle state ID 1 refers to a parked and unlocked state as
indicated in the description. A control profile ID applied
at this time is specified as P1. This state may transition
to vehicle state ID 2 (parked/ACC state) or vehicle state
ID 0 (parked/locked state).

[Control Profile Acquisition Part]

[0051] The control profile acquisition part 03 of the net-
work control apparatus 01 according to the present ex-
ample embodiment is able to apply a control profile ac-
cording to a next transition destination state by acquiring
a control profile using such vehicle state transition infor-
mation. For instance, in Fig. 9, since it is known that the
vehicle state ID 1 will transition to the vehicle state ID 2,
itis possible to control equipment in advance anticipating
an ACC state. Concretely, since in-vehicle information
terminals may turn on in an ACC state, by activating con-
trol units and ECUs controlling the in-vehicle information
terminals in advance, the operation can be started with-
out delay when the state transitions to the vehicle state
ID 2.
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[Processing Flow]

[0052] Fig. 10is aflowchart showing a flow of process-
ing performed by the network control apparatus accord-
ing to the present example embodiment. As shown in the
drawing, the apparatus first determines whether or not
the state of the vehicle has changed (the step S01). When
determining that the vehicle state has changed, the ap-
paratus acquires the state of the vehicle (the step S02).
Next, the apparatus acquires the vehicle state transition
information (step S03). Then, according to the acquired
vehicle state, the apparatus acquires a control profile
from one or more control profiles including settings for
controlling equipment connected to the in-vehicle net-
work (step S04). At this time, the apparatus may derive
settings of the minimum required power consumption for
a next state to which the current state ID may transition.
The apparatus controls equipment within the in-vehicle
network on the basis of the acquired profile (step S05)
and returns again to determining whether or not the state
of the vehicle has changed (the step S01).

[Hardware Configuration]

[0053] Next, the hardware configuration of the network
control apparatus relating to the third example embodi-
ment will be described. Fig. 11 is ablock diagram showing
an example of the hardware configuration of the network
control apparatus 01 relating to the third example em-
bodiment.

[0054] The network control apparatus 01 of the present
example embodiment can be constituted by an informa-
tion processing apparatus (computer) that comprises the
configuration illustrated in Fig. 11. For instance, the net-
work control apparatus 01 comprises the CPU 101, the
memory 102, the input/output interface 103, and the NIC
(Network Interface Card) 104, which is communication
means. These elements are interconnected by the inter-
nal bus 105. The NIC has a communication port.
[0055] Further, the network control apparatus 01 of the
present example embodiment may have a timer 106.
[0056] It should be noted that the configuration shown
in Fig. 11 is not intended to limit the hardware configu-
ration of the network control apparatus 01. The network
control apparatus 01 may include hardware not shown
in the drawing or dispense with the input/output interface
103, depending on the necessity. Further, the example
of Fig. 11 does not limit the number of CPUs, etc., includ-
ed in the network control apparatus 01, and for instance,
aplurality of CPUs may be included in the network control
apparatus 01.

[0057] The memory 102 is a RAM (Random Access
Memory), ROM (Read-Only Memory), or auxiliary stor-
age device (such as a hard disk).

[0058] The input/output interface 103 is means for in-
terfacing a display device or an input device not shown
in the drawing. For instance, the display device is a liquid
crystal display. The input device is, for instance, a device
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that accepts user operations such as a keyboard or
mouse.

[0059] The functions of the network control apparatus
01 are realized by the hardware described above and
processing modules such as the vehicle state acquisition
program, the control profile acquisition program, and the
control program. These processing modules are realized
by having the CPU 101 execute, for instance, the vehicle
state acquisition program stored in the memory 102. Fur-
ther, this program may be downloaded via a network or
updated using a storage medium storing the program. In
addition, the processing modules may be realized by a
semiconductor chip. In other words, means for executing
the functions performed by the processing modules using
some kind of hardware and software may be provided.
[0060] Here, when a signal from the timer 106 causes
a hardware interrupt, the vehicle state acquisition pro-
gram in a standby state is executed by the CPU 101. The
program acquires the state of equipment in the vehicle
via the in-vehicle network. The acquired vehicle state is
temporarily stored in the memory 102. Next, the control
profile acquisition program is called from the memory 102
and executed. The program reads the vehicle state tem-
porarily stored in the memory 102. Then, the program
reads the vehicle state transition information table held
in the memory 102. Fig. 12 shows another example of
the vehicle state transition information table. CPU 101
searches for the corresponding state in the table using
the acquired vehicle state. When the corresponding entry
is found in the table, a transition destination state ID is
acquired by referring to the corresponding entry. The ve-
hicle state relating to the acquired transition destination
state ID is read by referring to the table. The program
causes the CPU 101 to derive a control profile on the
basis of the current vehicle state read from the memory
102 and the transition destination vehicle state read from
the table. More concretely, the program derives the op-
timum control profile according to the current vehicle
state, and while referring to this control profile and a con-
trol profile corresponding to the transition destination ve-
hicle state, the program changes the currently applied
control profile so as to be able to deal with the transition
destination vehicle state more smoothly.

[0061] With reference to Fig. 12, for instance, when
the vehicle is parked and idling, the state ID is 4. Fig. 9
indicates that the control profile applied to this state is
P4. As for transition destinations, potential transition des-
tination state IDs are 3, 2, and 5. Here, if we assume that
the state transitions to the vehicle state 5, which is a
stopped/movable state, the control profile P5 is applied.
Since P5 releases the handbrake, the device that con-
trols the handbrake is activated in advance. Further, be-
cause the gear is changed to D (forward) or R (reverse)
mode, the devices that control the headlights and the
lamps turned on when the car is in reverse are activated
in advance in preparation for turning on these lamps. A
control profile is newly generated by adding these control
items to the control profile P4.
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[0062] The control profile acquired as described is sent
via the NIC 104 and the in-vehicle network, and the con-
trol content thereof is applied to each piece of equipment.
The control content may be applied at a timing according
to an interrupt of the timer 106.

[Effects]

[0063] According to the network control apparatus of
the present example embodiment, since it is possible to
perform control, considering, in addition to the current
vehicle state, a next vehicle state to which the current
vehicle state transitions, the state of the vehicle can be
transitioned smoothly. Further, since the operation of
equipment can be scheduled, it is possible to perform
detailed control and operate a required device only when
needed, achieving comprehensive power saving.
[0064] Some orallofthe example embodiments above
can be described as (but not limited to) the following
modes.

[Mode 1]

[0065] As the apparatus relating to the first aspect.

[Mode 2]

[0066] The network control apparatus preferably ac-
cording to Mode 1, wherein

the vehicle state acquisition part further acquires the
power consumption of each piece of equipment con-
nected to the in-vehicle network, and

the control profile acquisition part further acquires a
control profile on the basis of the sum of the acquired
power consumption of each piece of the equipment.

[Mode 3]

[0067] The network control apparatus preferably ac-
cording to Mode 1 or 2, wherein

the control profile acquisition part further acquires a
control profile grouping equipment connected to the
in-vehicle network, and

the control part controls each group on the basis of
the control profile grouping equipment.

[Mode 4]

[0068] The network control apparatus preferably ac-
cording to any one of Modes 1 to 3, wherein

the vehicle state acquisition part further acquires the
state of a communication port of equipment connect-
ed to the in-vehicle network, the control profile ac-
quisition part further acquires a control profile on the
basis of the acquired communication port state, and
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the control part further controls a communication port
of equipment connected to the in-vehicle network on
the basis of the acquired control profile.

[Mode 5]

[0069] The network control apparatus preferably ac-
cording to any one of Modes 1 to 4, wherein

the vehicle state acquisition part further acquires the
number of communication ports used for communi-
cation by each piece of equipment connected to the
in-vehicle network, and

the control profile acquisition part further acquires a
control profile having a total number of ports used
for communication smaller than the sum of the ac-
quired number of communication ports used for com-
munication by each piece of equipment.

[Mode 6]

[0070] The network control apparatus preferably ac-
cording to Mode 4 or 5, wherein

the vehicle state acquisition part further acquires the
power consumption of a communication port used
for communication by each piece of equipment con-
nected to the in-vehicle network, and

the control profile acquisition part further acquires a
control profile having a total power consumption of
a port used for communication smaller than the sum
of the acquired power consumption of a communi-
cation port used for communication by each piece
of equipment.

[Mode 7]

[0071] The network control apparatus preferably ac-
cording to any one of Modes 1 to 6 further comprising a
vehicle state transition information holding part that holds
vehicle state transition information stating a vehicle state
and another vehicle state to which the vehicle state may
transition in the future, wherein

the control profile acquisition part acquires a control pro-
file on the basis of the acquired vehicle state and the held
vehicle state transition information.

[Mode 8]

[0072] The network control apparatus preferably ac-
cording to any one of Modes 1 to 7 further comprising a
clocking part that outputs a signal at a constant cycle,
wherein

the control part further performs control according to the
signal outputted by the clocking part.
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[Mode 9]
[0073] As the method relating to the second aspect.
[Mode 10]

[0074] As the program relating to the third aspect.
[0075] Further,the disclosure of each Patent Literature
cited above is incorporated herein in its entirety by ref-
erence thereto and can be used as a basis or a part of
the present invention as needed. It is to be noted that it
is possible to modify or adjust the example embodiments
or examples within the scope of the whole disclosure of
the present invention (including the Claims and the fig-
ures) and based on the basic technical concept thereof.
Further, it is possible to variously combine or select (or
deselect if necessary) a wide variety of the disclosed el-
ements (including the individual elements of the individ-
ual claims, the individual elements of the individual ex-
ample embodiments or examples, and the individual el-
ements of the individual figures) within the scope of the
whole disclosure of the present invention. That is, it is
self-explanatory that the present invention includes any
types of variations and modifications to be done by a
skilled person according to the whole disclosure including
the Claims and the figures, and the technical concept of
the present invention. Particularly, any numerical values
or ranges disclosed herein should be interpreted that any
intermediate or lower values or subranges falling within
the disclosed ranges are also disclosed even without
specific recital thereof. In addition, using some or all of
the disclosed elements in each literature cited above as
necessary in combination with the elements described
herein as part of the disclosure of the present invention
in accordance with the object of the present invention
shall be considered to be included in (or belong to) the
disclosed elements of the present application.

REFERENCE SIGNS LIST

[0076]

01: network control apparatus

02: vehicle state acquisition part
03: control profile acquisition part
04: control part

05: communication port #1

06: communication port #2

07: clocking part

08: vehicle state transition information holding part
101:  CPU (Central Processing Unit)
102:  memory

103:  input/output interface

104:  NIC (Network Interface Card)
105: internal bus
106: timer
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Claims

1.

A network control apparatus comprising:

a vehicle state acquisition part that acquires the
state of a vehicle;

a control profile acquisition part that acquires a
control profile, according to the acquired vehicle
state, from one or more control profiles including
settings for controlling equipment connected to
an in-vehicle network; and

a control part that controls equipment within the
in-vehicle network on the basis of the acquired
control profile.

2. The network control apparatus according to Claim

5.

1, wherein

the vehicle state acquisition part further acquires
the power consumption of each piece of equip-
ment connected to the in-vehicle network, and
the control profile acquisition part further ac-
quires a control profile on the basis of the sum
of the acquired power consumption of each
piece of the equipment.

The network control apparatus according to Claim 1
or 2, wherein

the control profile acquisition part further ac-
quires a control profile grouping equipment con-
nected to the in-vehicle network, and

the control part controls each group on the basis
of the control profile grouping equipment.

The network control apparatus according to any one
of Claims 1 to 3, wherein

the vehicle state acquisition part further acquires
the state of a communication port of equipment
connected to the in-vehicle network,

the control profile acquisition part further ac-
quires a control profile on the basis of the ac-
quired communication port state, and

the control part further controls a communication
port of equipment connected to the in-vehicle
network on the basis of the acquired control pro-
file.

The network control apparatus according to Claim
4, wherein

the vehicle state acquisition part further acquires
the number of communication ports used for
communication by each piece of equipment con-
nected to the in-vehicle network, and

the control profile acquisition part further ac-
quires a control profile having a total number of
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10

ports used for communication smaller than the
sum of the acquired number of communication
ports used for communication by each piece of
equipment.

6. The network control apparatus according to Claim 4

or 5, wherein

the vehicle state acquisition part further acquires
the power consumption of a communication port
used for communication by each piece of equip-
ment connected to the in-vehicle network, and
the control profile acquisition part further ac-
quires a control profile having a total power con-
sumption of a port used for communication
smaller than the sum of the acquired power con-
sumption of a communication port used for com-
munication by each piece of equipment.

The network control apparatus according to any one
of Claims 1 to 6 further comprising a vehicle state
transition information holding part that holds vehicle
state transition information stating a vehicle state
and another vehicle state to which the vehicle state
may transition in the future, wherein

the control profile acquisition part acquires a control
profile on the basis of the acquired vehicle state and
the held vehicle state transition information.

The network control apparatus according to any one
of Claims 1 to 7 further comprising a clocking part
that outputs a signal at a constant cycle, wherein
the control part further performs control according to
the signal outputted by the clocking part.

A network control method comprising:

a vehicle state acquisition step of acquiring the
state of a vehicle;

a control profile acquisition step of acquiring a
control profile, according to the acquired vehicle
state, from one or more control profiles including
settings for controlling equipment connected to
an in-vehicle network; and

a control step of controlling equipment within the
in-vehicle network on the basis of the acquired
control profile.

10. A network control program for causing a computer

to execute:

a process of acquiring the state of a vehicle;

a process of acquiring a control profile, accord-
ing to the acquired vehicle state, from one or
more control profiles including settings for con-
trolling equipment connected to an in-vehicle
network; and

a process of controlling equipment within the in-
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vehicle network on the basis of the acquired con-
trol profile.

10

15

20

25

30

35

40

45

50

55

1"

20



EP 4 149 061 A1

1dvd

TO4LINOD
AN
70
14vd
14Vd
zok __w%mm% NOILISINDOY
TJOYLNOD J1VIS FTOIHAAN
X X
0 20
X
10

1 Ol

12



EP 4 149 061 A1

¢# 1d0d
NOILYOINNININOD

T# 140d
NOILYOINNININOD

N Y
90 G0
1¥vd
TO4LINOD
AN
70
Levd 14Vd
zﬂwmm%%< NOILISINDOY
TJOYLNOD J1VIS FTOIHAAN
X X
0 20
X
10

¢ Old

13



EP 4 149 061 A1

1INN LINN
TOYLNOD TOd1INOD
dAVTTIVL 1HOMAvY3H
8# LINN L#1INN
TOYLNOD TOYLNOD

L

(v #3IAVS)
SN1vdVddY T041NOD
HHOMLIN

LINN
JOLVNLOY 104.LNOD
2074000
Wi ||
9# LINN G # 1INN
10YLINOD T0Y1INOD
(€ #3AVTIS)
SN1vdvddVv 1041NOD
AHOMLIAN

o

1INN
AY1dSId YH3INYO
O3dIA

Z# LINN T# LINN
T0YINOD T0YLNOD

LINN

JOLYNLOV 104LNOD
2074000
i || s
7 # LINN €# 1INN
T0Y1INOD 10Y1INOD

(T #3AVIS)
SN1VYVddV T041LNOO

A4OMLIN

[]

U

(T #3AVS)
SN1vdYddY 1041NOD
AHOMLAN

_l_ E&w_,ql_\_/_v _l_

SN1vYvddy
ININFOVNVIN
TOYLNOD ¥HOMLIN

¢ 9ld

14



EP 4 149 061 A1

LINN AV1d4SI1A O3dIA

440
AGANVLS LINA TOHLNOD MO0T d00d TVILNID
440 T # 4OSN3S
440 T # V43NVYO
AAILOV T # 3 TNAON SSTT1FHIM
AGANVYLS € # 1L40d NOILVOINNININOD
440 ¢ # 140d NOILVOINNININOD
AAILOV T # 140d NOILVOINNININOO
AAILOV ¢#NO4
AGANVYLS T#N034
SONILLES IN3NdINO3

d3T104dLNOD

v Ol

15



EP 4 149 061 A1

F1140dd TOYLINOD 40 SISV

IHL NO INFNINOT TOYLNOD

41V1S

70S

€0S

G Old

16



EP 4 149 061 A1

SIN JOV4YILNI
1NdLNO/LNdNI
JS //mE
R
GOT
NdD AYONIIN
/:: //NE
R

10 9 Ol

17



EP 4 149 061 A1

¢# 1d0d
NOILYOINNININOD

T# 140d
NOILYOINNININOD

X X
90 G0
14vd 18Vd
ONIMO01O TOMLINOD
R
L0 //vo
Ldvd 14Vvd
Zom__u__.__n_wmzmwo< NOILISINDDY
TOHY1LNQOD J1VIS FTOIHAAN
X X
c0 20
R

L Ol

18



EP 4 149 061 A1

¢# 1d0d
NOILYOINNININOD

X

T# 140d

NOILYOINNININOD

X

90 G0
14Vd BNIAT0OH
NOLISNYL 18Vd
JLVLS FTIIHIA I_OW_|_|ZOQ
X
v0
14Vd
14Vvd
zom__w___wm:mwo,q NOILISINDDY
TOYLNOD J1VIS FTOIHAAN
X Ry
c0 20
R
10

8 Ol

19



EP 4 149 061 A1

J1VLIS NINL 1437/9NIAYA FLONTY

0cd

81'G

NOI1dI4053d

104.LNOJ

0¢
JLVLIS NYNL LHOIY/DONIAIYA 31ONIY 61d 816l 61
JIVLS ONIAIYA LHDIVYLS/FLONTY 81d 02'61's| 81
ITSoNAE T L DAl P ET b
SNOWONQLNY 1d L1916G) Sl
J1VLIS NYNL 1437/SNONONOLNY 71d AN A
J1VIS NYNL LHDIY/SNOWONOLNY €ld AR EA
JLVLS ONIAINA LHBIVY1S/SNOWONOLNY 21d vIeT's| 21
[1Y1S NYNL 1437 3SYIATY/ONIAINA TYNNYIN 11d 66l 11
S e o NIARA TN 01d 6's| 0T

31Y1S ONIAMA LHOIVYLS ISYIATE/TYANYIA 6d 11°01'S|6

JLVLIS NYNL L43T1/DNIAIEA TYNNYIN 8d 9'6]8

[H1VLS NYNL LHOIY/DONIAIYA TYNNYIA ld 9'¢| L

J1IVLS ONIAIEYA LHOIVYLS/TVNANVYIN 9d 87'¢l9

J1V1S IT9YAOIN/A3ddOLS Gd[BT'GT2T'6°9'Y| G

ONITAI/AINIVd vd ¢'z'e| v

NO WIISAS INJANVITIINT h

/31¥1S 00¥/AINuvd €d ve|E

J1V1S 20V/A3IMdvd ¢d v'1'0| ¢

F1IVLIS dIMO0TINN/AIHNE VL 1d AR

J1V1S dIM0071/dINYvd 0d 2'1l0

alr3n40dd g VLS

al
J1V.1S 3TIIHIA

6 "Old

20



EP 4 149 061 A1

F1140dd TOYLINOD 40 SISV
IHL NO INFNINOT TOYLNOD

A

S0S

3714044
TOYLNOD ¥ IHINOIY

A

70S

NOILYINHOINI NOILISNVYH L
J1VLS ITOIHIA FHINOOY

A

€0S

41V1S
310IH3A FHINOJY

Nmom

0T Ol

21



EP 4 149 061 A1

N JOV443LNI
1NdLNO/LNdNI
/woﬁ /moH
X
GOT
dS3INIL NdO AHONTIN
90T //SH J/Noﬁ
/Jo

1T 9Ol4

22



EP 4 149 061 A1

FONIAMG S0 81°G| | ILONIY - 2> o< -| 440 -la3oon]  No| 02
*/oNING 310G 8T'G| | JLON3Y - 2<| o< R -la3oyo1|  No| 6T
FLVLS ONINEA LN 02'61'S 3LON3Y - &Z=s 0< -l 440 - /@30X07 NO| 81
ALY 1S ONIANG ij._.\._m.wmm_un_Em_Ow_/w___umu_.\_./mw m._“hm ..+ |SNONONOLNY _ o> 0> - 440 NiteEl) o) NO L1
J1VLS ONIAIEYA NdNL .v.wI%m_um,\/_M_Ow_/w__m_._\./mﬂ m._“hm ...[snowoNoOLNY - oN < OV - 440 W_ aIndo NO @._”
J1V1S ONIAINA ._.IO_\Mﬂ._.Om§mMum7w_*mmu_.\_./mw Nﬁ@._“hm ... [SnoOWONOLNY| - oN = 0> - 440 | a3anMo] NO GT
3LVLS N¥NL L437/SNONONOLNY Z1'G| -+ |SNONWONOLNY - Nl o< - 440 a|a3aonMon NO| T
A NG Ty Z1'G| -+ |snonoNoLNY - 2 < 0< - 440 d|a3nMo NO| €1
LVLS ONIAT THOIVH.S YI'ET'G| -+~ |SNONONOLNY, -l .z = 0< - 440 ala3oyon NO| ¢T
LS NG I ONYA 6'G| | VNNV RIS 0> 330 d|a3oMon No| TT
LS e ARG T ANV 6'G | VNNV < 0> - 440 d|azoMon NO| 0T
JIVIS DNIATEA t._o_éhm\m_wﬂmz@m 11°01'S TYANYIA Z Z= 0> N 340 dla3aoMoT NO| 6
FA 9'G TYANYIA -l > 0< -l 440 d|a3oMo1 NO| 8
N 9'g IVANYI - o < 0< - 440 d|a3oMot NO| L
I 17 86| -] IWNNYW S 0< - 440 d|a3oM0T NO| 9
31V1S 319YAOIN/AIddOLS| 8T'STCT6'9'Y TYANYIA - - = NO|  440| ¥ 40 Qalg3oMol NO| §
9NIT1A1/AINYVd 5'z'e - - - = - NO d - NO| ¥
/31915 959 v 7' - NO - = - NO d | oov|€
31V1S 00V/A3IMUVd 710 -l 440 - = - NO d -l oov|¢
31V1S AIN00TINN/QINYVd 2'0 - - - = - NO damooInn 440| T
31V1S AIN007/AINVd ' - - - = - NO d/a3oMo1l  440/0
NOILdI¥0S3a NOLLYNIIS3 ouinsa | LNINT [of 0o 033dS [sDivyg [divua d| ¥¥3D | 400 [NOWISOd] s

¢l Ol

23



10

15

20

25

30

35

40

45

50

55

EP 4 149 061 A1

INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2021/017344

A. CLASSIFICATION OF SUBJECT MATTER
HO04L 12/28(2006.01)1
FI: H04L12/28 200%Z

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

H04L12/28

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Published examined utility model applications of Japan
Published unexamined utility model applications of Japan
Registered utility model specifications of Japan
Published registered utility model applications of Japan

1922-1996
1971-2021
1996-2021
1994-2021

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 2013-192108 A (AUTONETWORKS TECHNOLOGIES, LTD.) 1, 8-10
Y 26 September 2013 (2013-09-26) paragraphs [0024]- 2, 3
[0043], fig. 1-3, etc.

Y JP 2009-278531 A (AUTONETWORKS TECHNOLOGIES, LTD.) 2
26 November 2009 (2009-11-26) paragraphs [0026],
[0027], [0036], fig. 1, 3, etc.

Y Jp 2015-107672 A (DENSO CORP.) 11 June 2015 (2015- 3
06-11) paragraphs [0042], [0060], etc.

A JP 2018-74204 A (NIPPON SEIKI CO., LTD.) 10 May 1-10
2018 (2018-05-10) entire text, all drawings

|:| Further documents are listed in the continuation of Box C.

& See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“Q"  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than
the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

05 July 2021 (05.07.2021)

Date of mailing of the international search report

20 July 2021 (20.07.2021)

Name and mailing address of the ISA/
Japan Patent Office
3-4-3, Kasumigaseki, Chiyoda-ku,

Tokyo 100-8915, Japan

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (January 2015)

24




10

15

20

25

30

35

40

45

50

55

EP 4 149 061 A1

INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/JP2021/017344
Patent Documents Publication Patent Family Publication
referred in the Date Date

Report

Jp 2013-192108 A

Jp 2009-278531 A
JP 2015-107672 A
Jp 2018-74204 A

26 Sep. 2013

26 Nov. 2009
11 Jun. 2015
10 May 2018

Us 2015/0025704 Al
paragraphs [0035]-
[0055], fig. 1-3,
etc.

WO 2013/136872 Al
CN 104170327 A
(Family: none)
(Family: none)
(Family: none)

Form PCT/ISA/210 (patent family annex) (January 2015)

25




EP 4 149 061 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

 JP 2020081718 A[0001] * WO 2016157845 A [0006]
 JP 2018074204 A [0006] * WO 2016157846 A [0006]
* WO 2016157847 A [0006]  JP 2014236492 A [0006]

* WO 2016157844 A [0006]

26



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

