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(57) Abstract: A car obtains a degree of degradation of a battery based on a detection result of a battery monitoring unit, updates
battery information stored in a memory based on the obtained degree of degradation of the battery, transmits to a server battery data
where an association is made between a battery ID and battery information of a battery pack before being replaced when the battery
pack has been replaced, and also transmits to the server request data indicating the battery ID of the battery pack after being re-
placed. The server updates battery information of battery data within a memory, which corresponds to the battery ID indicated in the
received battery data, to battery information indicated in the battery data transmitted from the car, extracts from the memory battery
data corresponding to the battery ID indicated in the received request data, and transmits the extracted battery data to the car.



WO 2013/011692 PCT/JP2012/004599

Description

Title of Invention: BATTERY INFORMATION UPDATE SYSTEM
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Field

The present invention relates to a battery information update system of updating
battery information for estimating a charged condition of a battery according to a
degree of degradation of the battery.

Background

A battery that is implemented by connecting a plurality of rechargeable batteries in
series and outputs a high voltage has been put into practical use. In recent years,
attention has focused on mounting of this battery type, for example, in a hybrid car, a
plug-in hybrid car, an electric vehicle or the like.

There are also systems of analyzing information indicating a use history of a battery,
a condition of a battery, and the like with a server or the like outside a car, and of
obtaining the degree of degradation of the battery based on results of the analysis (for
example, see Patent Citations 1 to 5).

Incidentally, battery information (such as a map where an association is made
between an open circuit voltage and a state of charge of a battery, or a map where an
association is made between an internal resistance and a state of charge of a battery)
for estimating a charged condition of a battery is stored in a memory or the like within
a battery ECU for estimating a charged condition of a battery. This information is not
changed in normal cases.

However, a voltage, an internal resistance and the like of a battery vary according to
the degree of degradation of the battery. Therefore, it is desirable to update also the
battery information according to the degree of degradation of the battery. It is also
desirable to pass the battery information after being updated to a switched car and use
the battery information when the battery is moved to another car, such as when the
same battery is used at switching of a car. Namely, it is desirable to update the battery
information according to the degree of degradation of the battery after being replaced

when the battery mounted in a car is replaced.
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Summary of Invention

Technical Problem

An object of the present invention is to provide a battery information update system
that can update battery information for estimating a charged condition of a battery
according to a degree of degradation of a battery after being replaced when the battery
mounted in a car is replaced.

Solution to Problem

The battery information update system according to the present invention is a battery
information update system where data is transmitted/received between a car and a
server.

The car includes: a battery; first storing unit for storing identification information for
identifying the battery; second storing unit for storing battery information for es-
timating a charged condition of the battery; battery monitoring unit for detecting a
condition of the battery; first communication unit; and first control unit for obtaining a
degree of degradation of the battery based on a detection result of the battery
monitoring unit, for updating battery information stored in the second storing unit
based on the obtained degree of degradation of the battery, for transmitting, to the
server with the first communication unit when a battery has been replaced, battery data
where an association is made between identification information and battery in-
formation of the battery before being replaced, for also transmitting, to the server with
the first communication unit, request data indicating an identification information of
the battery after being replaced, and for updating the battery information stored in the
second storing unit to battery information indicated in received battery data upon
receiving the battery data corresponding to the request data.

The server includes: third storing unit for storing a plurality of pieces of battery data;
second communication unit; and second control unit for updating battery information
of battery data within the third storing unit, which corresponds to identification in-
formation indicated in battery data, to battery information indicated in the battery data
transmitted from the car upon receiving the battery data transmitted from the car, for
extracting from the third storing unit battery data corresponding to identification in-
formation indicated in request data upon receiving the request data transmitted from
the car, and for transmitting the extracted battery data to the car with the second com-
munication unit.

As described above, battery information stored in the second storing unit of a car is
updated according to the degree of degradation of a battery in the car. Moreover, if a
battery is replaced, battery data corresponding to the battery before being replaced is

transmitted from the car to the server, and battery information within the third storing
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unit of the server, which corresponds to identification information indicated in the
battery data, is updated to battery information of battery data transmitted from the car.
Additionally, when the battery is replaced, request data indicating identification in-
formation of a battery after being replaced is transmitted from the car to the server, and
battery data corresponding to the identification information is transmitted from the
server to the car. When the battery data corresponding to the request data is transmitted
from the server to the car, battery information of battery data stored in the second
storing unit of the car is updated to the battery information of the battery data
transmitted from the server. In this way, when a battery is replaced, battery information
can be updated according to the degree of degradation of the battery after being
replaced.
Advantageous Effects of Invention

According to the present invention, even if a battery mounted in a car is replaced,
battery information for estimating a charged condition of a battery can be updated
according to the degree of degradation of the battery after being replaced.
Brief Description of Drawings
[fig. 1]FIG. 1 illustrates a battery information update system according to an em-
bodiment of the present invention;
[fig.2A]FIG. 2A illustrates one example of battery information;
[fig.2B]FIG. 2B illustrates another example of the battery information;
[fig.3]FIG. 3 illustrates one example of battery data;
[fig.4]FIG. 4 is a flowchart illustrating operations of a battery ECU;
[fig.5]FIG. 5 is a sequence diagram when data is transmitted from the battery ECU to a
server via a charging station;
[fig.6]FIG. 6 is a sequence diagram when data is transmitted from the battery ECU to
the server via a wireless station;
[fig.7]FIG. 7 is a sequence diagram when data is transmitted from the server to the
battery ECU via the charging station;
[fig.8]FIG. 8 is a sequence diagram when data is transmitted from the server to the
battery ECU via the wireless station;
[fig.9]FIG. 9 is a flowchart illustrating operations of a battery information managing
unit; and
[fig. 10]FIG. 10 illustrates one example of a database.
Best Mode for Carrying out the Invention

FIG. 1 illustrates a battery information update system according to an embodiment of
the present invention.

The battery information update system 1 illustrated in FIG. 1 includes a car 2, a
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charging station 3, a wireless station 4, and servers 5, 7. In this system, data is
transmitted/received between the car 2 and the server 7. The data transmission/
reception between the car 2 and the server 7 are made via the charging station 3, the
server 5 and the network 6 (Internet, a dedicated line network or the like), or via the
wireless station 4 and the network 6. Assume that the battery information update
system 1 according to this embodiment is mounted in a car such as a hybrid car, a
plug-in hybrid car, an electric vehicle, a forklift or the like.

The car 2 includes a battery pack 8, a battery ECU 9 (first control unit), a charger 10,
a charging ECU 11, and a communication device 12. Assume that the battery ECU 9
and the charging ECU 11 are implemented, for example, with a configuration
including a processor and a memory.

The battery pack 8 includes a battery 13 that is configured to be attachable/de-
tachable by a user and composed of a plurality of rechargeable batteries connected in
series, a battery monitoring unit 14 (battery monitoring unit) for monitoring a
condition of the battery 13, and a memory 15 (first storing unit) for storing a battery ID
(identification information) for identifying the battery 13. The battery 13 may be
configured with one rechargeable battery.

The battery monitoring unit 14 detects a voltage of each of the rechargeable batteries
of the battery 13, a current flowing into each of the rechargeable batteries of the battery
13, an ambient temperature and the like of the battery 13.

The battery ECU 9 obtains an OCV (Open Circuit Voltage), an IR (Internal Re-
sistance) and the like of each of the rechargeable batteries of the battery 13 based on
the voltage, the current, the temperature and the like, which are detected by the battery
monitoring unit 14, and also obtains an SOC (State Of Charge) of each of the
rechargeable batteries, which corresponds to the OCV, the IR and the like, based on
battery information (battery profile) stored in a memory 16 (second storing unit). The
memory 16 may be provided outside the battery ECU 9.

FIG. 2A illustrates one example of the battery information.

The battery information illustrated in FIG. 2A is OCV-SOC maps each indicating an
association between an OCV [V] and an SOC [%] of one of the rechargeable batteries
within the battery 13. FIG. 2A illustrates the OCV-SOC maps represented as a graph.
In FIG. 2A, a solid line represents an OCV-SOC map 1 (battery information 1) before
the battery pack 8 is used, whereas a broken line represents an OCV-SOC map 2
(battery information 2) after the battery pack 8 is degraded by being used. According
to the OCV-SOC maps 1 and 2 illustrated in FIG. 2A, the OCV increases with the
degradation of the rechargeable battery.

FIG. 2B illustrates another example of the battery information.

The battery information illustrated in FIG. 2B is IR-SOC maps each indicating an as-
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sociation between an IR [mohm] and an SOC [%] of one of the rechargeable batteries
within the battery 13. FIG. 2B illustrates the IR-SOC maps represented as a graph. In
FIG. 2B, a solid line represents an IR-SOC map 1 (battery information 1) before the
battery pack 8 is used, whereas a broken line represents an IR-SOC map 2 (battery in-
formation 2) after the battery pack 8 is degraded by being used. According to the IR-
SOC maps 1 and 2 illustrated in FIG. 2B, the IR increases with the degradation of the
rechargeable battery.

Additionally, the battery ECU 9 illustrated in FIG. 1 updates the battery information
stored in the memory 16 based on the voltage, the current, the temperature and the like,
which are detected by the battery monitoring unit 14. For example, the battery ECU 9
makes the battery 13 open at an update of the battery information, newly creates an
OCV-SOC map (such as the OCV-SOC map 2) indicating an association between an
OCYV and an SOC based on the voltage, the current, the temperature and the like,
which are detected by the battery monitoring unit 14, and updates the OCV-SOC map
(such as the OCV-SOC map 1) stored in the memory 16 to the newly created OCV-
SOC map. The battery ECU 9 may obtain the degree of degradation of the battery 13
based on results of a comparison made between battery information newly created at
the update of the battery information and the battery information stored in the memory
16, and may update another battery information stored in the memory 16 based on the
obtained degree of degradation. For example, the battery ECU 9 may update the IR-
SOC map 1 to the IR-SOC map 2 based on the degree of degradation of the battery 13,
which is obtained based on the results of the comparison made between the OCV-SOC
maps 1 and 2. Moreover, the battery information stored in the memory 16 may be
updated when the battery pack 8 is replaced, updated periodically, or updated at timing
when the battery ECU 9 receives from another ECU an update instruction issued by
user operating an operation unit.

Additionally, the battery ECU 9 transmits/receives data to/from the charger 10 and
the communication device 12 via a communication line such as CAN (Controller Area
Network).

FIG. 3 illustrates an example of a configuration of the battery data.

The battery data illustrated in FIG. 3 is configured with an ID area 200 for storing a
battery ID, a DATE area 201 for storing a date when the battery pack 8 has been
replaced, and a DATA area 202 for storing battery information such as an OCV-SOC
map, an IR-SOC map and the like.

Furthermore, the charger 10 illustrated in FIG. 1 charges the battery 13 by converting
alternating current or direct current power fed from the charging station 3 into direct
current power for charging. Moreover, a communication device 17 (first commu-

nication unit) included in the charger 10 transmits/receives data to/from a commu-
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nication device 18 included in the charging station 3 with a power line communication
via a charging cable connecting between the charger 10 and the charging station 3.

The charging ECU 11 controls operations of the charger 10 based on an SOC and the
like obtained by the battery ECU 9. For example, if a user issues an instruction to fully
charge the battery 13 and the current SOC is 80%, the charging ECU 11 controls the
operations of the charger 10 so that the SOC further increases by 20%.

The communication device 12 (first communication unit) transmits/receives data to/
from a communication device 19 of the wireless station 4 with a wireless commu-
nication (DCM (Data Communication Module) or the like).

A communication device 20 of the wireless station 4 transmits/receives data to/from
a communication device 21 (second communication unit) connected to the server 7 via
the network 6.

The server 5 1s, for example, a computer installed at a store such as a convenience
store, a department store or the like in which the charging station 3 is placed. A com-
munication device 22 connected to the server 5 transmits/receives data to/from a com-
munication device 23 provided at the charging station 3. Moreover, a communication
device 24 connected to the server 5 transmits/receives data to/from the communication
device 21 connected to the server 7 via the network 6.

The server 7 is, for example, a computer installed at a battery management center for
managing information of the battery pack 8. A battery information managing unit 25
(such as a CPU or the like) (second control unit) within the server 7, based on battery
data transmitted from the car 2 via the charging station 3 or the wireless station 4,
newly registers battery information to a database stored in a memory 26 (third storing
unit), or updates battery information already registered to the database. Moreover, the
battery information managing unit 25, based on request data transmitted from the car 2
via the charging station 3 or the wireless station 4, extracts battery data from the
database, and transmits the extracted battery data to the car 2 with the communication
device 21.

FIG. 4 is a flowchart illustrating operations of the battery ECU 9.

Initially, if determining that the battery pack 8 has been replaced ("YES" in S1), the
battery ECU O creates battery data by making an association among a battery ID, a date
when the battery pack 8 has been replaced, and battery information (S2). For example,
if a battery ID stored in the memory 15 has been changed, the battery ECU 9 de-
termines that the battery pack 8 has been replaced, and creates battery data by making
an association among the battery ID stored in the memory 15 before the battery pack 8
has been replaced, the current date, and the battery information stored in the memory
16.

Next, upon receiving from another ECU a communication permission signal based
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on an operation performed by a user on the operation unit ("YES" in S3), the battery
ECU 9 determines whether or not the charger 10 and the charging station 3 are
mutually connected with a charging cable (S4). For example, if a charge control signal
is transmitted/received between the charger 10 and the charging station 3, the battery
ECU 9 determines that the charger 10 and the charging station 3 are mutually
connected with the charging cable.

If determining that the charger 10 and the charging station 3 are mutually connected
("YES" in S4), the battery ECU 9 transmits the battery data from the charger 10 to the
server 7 via the charging station 3 and the server 5 (S5). Namely, as illustrated in FIG.
5, battery data DATA (B) is transmitted from the battery ECU 9 to the communication
device 17 of the charger 10 through the CAN, further transmitted from the commu-
nication device 17 to the charging station 3 with a power line communication, then
transmitted from the charging station 3 to the server 5, and finally transmitted from the
server 5 to the server 7 via the network 6.

Additionally, in the flowchart illustrated in FIG. 4, if determining that the charger 10
and the charging station 3 are not mutually connected ("NO" in S4), the battery ECU 9
transmits the battery data from the communication device 12 to the server 7 via the
wireless station 4 (S6). Namely, as illustrated in FIG. 6, the battery data (B) is
transmitted from the battery ECU 9 to the communication device 12 through the CAN,
further transmitted from the communication device 12 to the wireless station 4 with a
wireless communication, and finally transmitted from the wireless station 4 to the
server 7 via the network 6.

Next, the battery ECU O creates request data by incorporating the battery ID stored in
the memory 15 of the battery pack 8 after being replaced in the request data (S7), and
transmits the request data to the server 7 (S8). At this time, the battery ECU 9 transmits
the request data from the car 2 to the server 7 by using a communication channel es-
tablished when the battery data is transmitted.

Then, the battery ECU 9 determines whether or not battery data corresponding to the
request data has been received from the server 7 (S9). For example, if verifying that
the battery ID of the request data transmitted to the server 7 and a battery ID of the
battery data received from the server 7 match, the battery ECU 9 determines that the
battery data corresponding to the request data has been received. Moreover, at this
time, the server 7 transmits the battery data to the car 2 by using the communication
channel established when the battery data is transmitted from the car 2 to the server 7.
Namely, if the charger 10 and the charging station 3 are mutually connected, the
battery data (B) is transmitted from the server 7 to the server 5 via the network 6,
further transmitted from the server 5 to the charging station 3, then transmitted from

the charging station 3 to the communication device 17 of the charger 10 with a
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wireless communication, and finally transmitted from the communication device 17 to
the battery ECU 9 through the CAN as illustrated in FIG. 7. In contrast, if the charger
10 and the charging station 3 are not mutually connected, the battery data DATA (B) is
transmitted from the server 7 to the wireless station 4 via the network 6, further
transmitted from the wireless station 4 to the communication device 12 with a wireless
communication, and finally transmitted from the communication device 12 to the
battery ECU 9 through the CAN as illustrated in FIG. 8.

In the flowchart illustrated in FIG. 4, if determining that the battery data corre-
sponding to the request data has been received ("YES" in S9), the battery ECU 9
updates the battery information stored in the memory 16 to battery information
indicated in the received battery data (S10). Then, the flow goes back to S1.

In the flowchart illustrated in Fig. 4, by omitting the process (S3) for determining
whether or not to permit a communication, the flow may immediately go to S4 for de-
termining whether or not the charger 10 and the charging station 3 are mutually
connected after the battery data is created (S2).

FIG. 9 is a flowchart illustrating operations of the battery information managing unit
25 of the server 7.

Initially, upon receiving the battery data from the car 2 ("YES" in S11), the battery
information managing unit 25 determines whether or not a battery ID indicated in the
battery data is already present in the database (S12).

If determining that the battery ID is not present yet in the database ("NO" in S12), the
battery information managing unit 25 again determines whether or not battery data or
request data has been received (S11 or S16) after newly registering the battery data to
the database (S13). For example, in the database illustrated in FIG. 10, battery data
where an association is made among a battery ID "001", a date "April 2010" thatis a
date when the battery pack 8 has been replaced, and battery information "OCV-SOC
map 1, IR-SOC map 1", and battery data where an association is made among a battery
ID "002", a date "April 2011" that is a date when the battery pack 8 has been replaced,
and battery information "OCV-SOC map 2, IR-SOC map 2" are registered.

Additionally, in the flowchart illustrated in FIG. 9, if determining that the battery ID
is already present in the database ("YES" in S12), the battery information managing
unit 25 determines whether or not the battery information of the battery data in the
database, which corresponds to the battery ID, and the battery information of the
received battery data match (S14).

If determining that the battery information match ("YES" in S14), the battery in-
formation managing unit 25 again determines whether or not battery data or request
data has been received (S11 or S16).

Alternatively, if determining that the battery information do not match ("NO" in
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S14), the battery information managing unit 25 rewrites the battery information of the
battery data within the database, which corresponds to the battery ID, to the battery in-
formation of the received battery data (S15), and again determines whether or not
battery data or request data has been received (S11 or S16). If determining that the
battery information do not match, the battery information managing unit 25 may
rewrite only battery information that does not match among a plurality of pieces of
battery information of the corresponding battery data, or may rewrite the whole of the
battery information. In this way, the battery information in the database, which cor-
responds to the battery pack 8 before being replaced, can be updated according to the
degree of degradation of the battery 13 at the replacement of the battery pack 8.

Additionally, in the flowchart illustrated in FIG. 9, upon receiving the request data
from the car 2 ("NO" in S11, "YES" in S16), the battery information managing unit 25
extracts from the database battery data corresponding to a battery ID indicated in the
request data, transmits the extracted battery data to the car 2 that has transmitted the
request data (S17), and again determines whether or not battery data or request data
has been received (S11 or S16).

As described above, in the battery information update system 1 according to this em-
bodiment, battery information stored in the memory 16 is updated in the car 2
according to the degree of degradation of the battery 13.

Additionally, in the battery information update system 1 according to this em-
bodiment, when the battery pack 8 of the car 2 is replaced, battery data corresponding
to the battery pack 8 before being replaced is transmitted from the car 2 to the server 7.
Then, battery information of the battery data within the memory 26, which corresponds
to a battery ID indicated in the battery data transmitted from the car 2, is updated to
battery information indicated in the battery data transmitted from the car 2.

Furthermore, in the battery information update system 1 according to this em-
bodiment, when the battery pack 8 of the car 2 is replaced, request data that indicates a
battery ID of the battery pack 8 after being replaced is transmitted from the car 2 to the
server 7, and battery data corresponding to the battery ID is transmitted from the server
7 to the car 2. When the battery data is transmitted from the server 7 to the car 2,
battery information of the battery data, which is stored in the memory 16 of the car 2,
is updated to the battery information of the battery data transmitted from the server 7.

In this way, battery information can be updated according to the degree of
degradation of the battery 13 of the battery pack 8 after being replaced when the
battery pack 8 of the car 2 is replaced. When the battery pack 8 is moved to another car
2, such as when the same battery pack 8 is used at switching of the car 2, battery in-
formation after being updated can be passed to the switched car 2 and used.

In the above described embodiment, data is transmitted/received via the charging
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station 3 with priority if the car 2 and the charging station 3 are mutually connected
when the data is transmitted/received between the car 2 and the server 7. However, the
data may be transmitted/received via the wireless station 4 even if the car 2 and the
charging station 3 are mutually connected.

Additionally, a hardware configuration of the server 7 may include, for example, a
recording unit, a recording medium reading device, an input/output interface and the
like in addition to the communication device 21, the battery information managing unit
25, and the memory 26.

In the recording unit, a program executed by the battery information managing unit
25 and data are recorded. Moreover, the recording unit is used as a working area. The
recording unit is, for example, a ROM, a RAM, a hard disk drive or the like.

The recording medium reading device controls a data read/write from/to a recording
medium according to a control of the battery information managing unit 25. A data is
recorded onto a recording medium or data recorded onto a recording medium is read
according to a control of the recording medium reading device. Examples of an at-
tachable/detachable recording medium include a computer-readable non-transitory
recording medium such as a magnetic recording device, an optical disc, a magneto-
optical recording medium, a semiconductor memory and the like. Examples of the
magnetic recording device include a hard disk device (HDD) and the like. Examples of
the optical disc include a DVD (Digital Versatile Disk), a DVD-RAM, a CD-ROM
(Compact Disc-Read Only Memory), a CD-R (Recordable)/RW (ReWritable) and the
like. Examples of the magneto-optical recording medium include an MO
(Magneto-Optical) disk and the like. Also the recording unit is one type of the non-
transitory recording medium.

To the input/output interface, an input/output device is connected. Information input
by a user is received and transmitted to the battery information managing unit 25 via a
bus. Moreover, operation information and the like are displayed on a screen of a
display according to an instruction from the battery information managing unit 25.
Examples of the input/output device include a touch panel and the like.

The present invention is not limited to the above described embodiment, and various
improvements and modifications can be made within the scope that does not depart

from the gist of the present invention.
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Claims

A battery information update system where data is transmitted/received
between a car and a server, wherein:

the car comprises

a battery,

first storing unit for storing identification information for identifying
the battery,

second storing unit for storing battery information for estimating a
charged condition of the battery,

battery monitoring unit for detecting a condition of the battery,

first communication unit, and

first control unit for obtaining a degree of degradation of the battery
based on a detection result of the battery monitoring unit, for updating
battery information stored in the second storing unit based on the
obtained degree of degradation of the battery, for transmitting, to the
server with the first communication unit when the battery has been
replaced, battery data where an association is made between identi-
fication information and battery information of the battery before being
replaced, for also transmitting, to the server with the first commu-
nication unit, request data indicating an identification information of
the battery after being replaced, and for updating the battery in-
formation stored in the second storing unit to battery information
indicated in received battery data upon receiving the battery data corre-
sponding to the request data; and

the server comprises

third storing unit for storing a plurality of pieces of battery data,

second communication unit, and

second control unit for updating battery information of battery data
within the third storing unit, which corresponds to identification in-
formation indicated in battery data, to battery information indicated in
the battery data transmitted from the car upon receiving the battery data
transmitted from the car, for extracting from the third storing unit
battery data corresponding to identification information indicated in
request data upon receiving the request data transmitted from the car,
and for transmitting the extracted battery data to the car with the second
communication unit.

The battery information update system according to claim 1, wherein
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the second control unit newly registers the battery data to the third
storing unit if the battery data corresponding to the identification in-
formation indicated in the battery data transmitted from the car is not
stored yet in the third storing unit.

The battery information update system according to claim 1, wherein
the second control unit updates only battery information that does not
match the battery information indicated in the battery data transmitted
from the car among the plurality of pieces of battery information
indicated in the battery data within the third storing unit, which
correspond to the identification information indicated in the battery

data transmitted from the car.
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[Fig. 2A]
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