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(57) ABSTRACT

According to one embodiment, a determination device relat-
ing to a plurality of batteries connected in series is provided.
The determination device includes a processor. The proces-
sor determines a deterioration variance among the batteries,
based on first voltage data indicative of a maximum voltage
which is greatest among voltages of the batteries in each of
measurements in a plurality of periods in charge or discharge
of the batteries, and second voltage data indicative of a
minimum voltage which is least among the voltages of the
batteries in each of the measurements in the periods.
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DETERMINATION DEVICE RELATING TO
PLURALITY OF BATTERIES, ELECTRICITY
STORAGE SYSTEM, DETERMINATION
METHOD AND NON-TRANSITORY
STORAGE MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This is a Continuation application of PCT Appli-
cation No. PCT/JP2021/008318, filed Mar. 4, 2021 and
based upon and claiming the benefit of priority from prior
Japanese Patent Application No. 2020-149664, filed Sep. 7,
2020, the entire contents of which are incorporated herein by
reference.

FIELD

[0002] Embodiments described herein relate to a determi-
nation device relating to a plurality of batteries, an electricity
storage system, a determination method, and a non-transi-
tory storage medium.

BACKGROUND

[0003] Inrecent years, a storage battery has been mounted
in battery-mounted devices such as a large-sized storage
battery for an electric power system, a smartphone, a
vehicle, a stationary power source device, a robot and a
drone, thus constituting an electricity storage system. In the
storage battery of such an electricity storage system, a large
number of batteries, such as lithium ion batteries, are
provided, and the large number of batteries are electrically
connected. In addition, from the standpoint of safety main-
tenance and performance ascertainment of the storage bat-
tery, diagnosis technologies of the storage battery have been
developed.

[0004] As a diagnosis technology of the storage battery,
there is known a technology of determining a deterioration
degree of each of a plurality of batteries in the structure in
which the batteries are connected in series. In this diagnosis
technology, the internal resistance of each battery is calcu-
lated from a variation in voltage of the battery during charge.
Further, based on the internal resistance of each battery, the
deterioration degree of each battery is determined.

[0005] In the structure in which the batteries are connected
in series as described above, it is required to appropriately
determine a deterioration variance between the batteries. In
addition, for example, also in a case in which many batteries
are connected in series, it is required to determine the
deterioration variance among the many batteries without
complicating the structure and process for acquiring data,
such as by decreasing the amount of data necessary for the
process.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a schematic view illustrating an example
of'an electricity storage system according to an embodiment.
[0007] FIG. 2 is a schematic view illustrating an example
of a structure of a battery string according to the embodi-
ment.

[0008] FIG. 3 is a schematic view illustrating an example
of variations of voltages of a plurality of batteries in the
charge of the battery string according to the embodiment.
[0009] FIG. 4A is a schematic view illustrating an
example of variations of voltages of batteries in the charge
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of the battery string according to the embodiment, this
example being different from the example of FIG. 3.
[0010] FIG. 4B is a schematic view illustrating first volt-
age data and second voltage data generated in the example
of FIG. 4A.

[0011] FIG. 5 is a schematic view for explaining internal
state parameters indicative of the internal state of an elemen-
tal battery, such as a first internal state parameter and a
second internal state parameter.

[0012] FIG. 6 is a schematic view illustrating an example
of reference data, which serves as a reference of a relation-
ship of a deterioration variance among a plurality of batter-
ies with respect to one or more determination items.
[0013] FIG. 7 is a flowchart illustrating a determination
process in regard to a certain battery string, which is
executed by a determination device according to the
embodiment.

DETAILED DESCRIPTION

[0014] According to one embodiment, a determination
device relating to a plurality of batteries connected in series
is provided. The determination device includes a processor.
The processor determines a deterioration variance among
the batteries, based on first voltage data indicative of a
maximum voltage which is greatest among voltages of the
batteries in each of measurements in a plurality of periods in
charge or discharge of the batteries, and second voltage data
indicative of a minimum voltage which is least among the
voltages of the batteries in each of the measurements in the
periods. The processor estimates a first internal state param-
eter as an internal state of the battery as an elemental battery,
the first internal state parameter being based on a variation
of the maximum voltage in the first voltage data. The
processor estimates a second internal state parameter as an
internal state of the battery as the elemental battery, the
second internal state parameter being based on a variation of
the minimum voltage in the second voltage data. The
processor determines the deterioration variance among the
batteries, based on at least the first internal state parameter
and the second internal state parameter. The processor
estimates a third internal state parameter indicative of an
internal state in an entirety of a series-connected part of the
batteries, based on at least third voltage data indicative of a
voltage of the series-connected part of the batteries in each
of the measurements in the periods in the charge or the
discharge of the batteries. The processor determines the
deterioration variance among the batteries by comparing the
third internal state parameter with the first internal state
parameter and the second internal state parameter.

[0015] Hereinafter, embodiments will be described with
reference to the accompanying drawings.

[0016] FIG. 1 is a schematic view illustrating an example
of an electricity storage system according to an embodiment.
As illustrated in FIG. 1, an electricity storage system 1
includes a storage battery 2 and a determination device 3.
The storage battery 2 is mounted, for example, in a battery-
mounted device. Examples of the battery-mounted device
include a large-sized storage battery for an electric power
system, a smartphone, a vehicle, a stationary power source
device, a robot, a drone, and the like. Examples of the
vehicle, which is the battery-mounted device, include a
railway vehicle, an electric bus, an electric automobile, a
plug-in hybrid automobile, an electric bicycle, and the like.
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[0017] The storage battery 2 includes at least one battery
string 5. When a plurality of battery strings 5 are provided
in the storage battery 2, the battery strings 5 are electrically
connected in parallel. Examples of the battery string 5
include a battery panel, an assembled battery, a battery pack,
and the like. Each of the battery strings 5 includes a plurality
of batteries 6, and the batteries 6 are electrically connected
in series in each of the battery strings 5. Each of the batteries
6 is a secondary battery such as a lithium ion battery. In each
of the battery strings 5, each of the batteries 6 is chargeable
and dischargeable. In each battery string 5, each battery 6 is
charged by being supplied with electric power from a power
source. In addition, in each battery string 5, electric power
discharged from each battery 6 is supplied to a load. In
general, in a new electricity storage system, a plurality of
batteries 6 of an identical kind to each other are used in each
battery string 5. Thus, when the use of the storage battery 2
is started, the batteries 6 in each battery string 5 have
identical or substantially identical internal states to each
other. However, this does not apply to the case of, for
example, an electricity storage system in which reused
batteries are employed. The internal state of the battery 6
will be described later.

[0018] FIG. 2 is a schematic view illustrating an example
of'the structure of the battery string according to the embodi-
ment. In an example of FIG. 2, in the battery string 5, a
plurality of battery modules 7 are electrically connected in
series. In addition, in each of the battery modules 7, a
plurality of batteries 6 are electrically connected in series.
Thus, in the battery string 5, many batteries 6 are electrically
connected in series. Accordingly, the battery string 5 is a
series-connected part of a plurality of batteries 6. In one
example, the number of series-connected batteries 6 in the
battery string 5 is several hundred. Further, in the example
of FIG. 2, each of the batteries 6 includes a plurality of unit
cells 8. In each battery 6, the unit cells 8 are electrically
connected in parallel. Specifically, in the example of FIG. 2,
each battery 6 is formed of a cell block in which the unit
cells 8 are connected in parallel. Accordingly, in the example
of FIG. 2, in the battery string 5, a plurality of cell blocks are
electrically connected in series. In another example, each of
the batteries 6 may be formed of one unit cell 8. In still
another example, in each battery 6, a plurality of unit cells
8 may be connected in series. In still another example, in
each battery 6, both of a series-connected structure in which
a plurality of unit cell 8 are connected in series, and a
parallel-connected structure in which plurality of unit cell 8
are connected in parallel, may be formed.

[0019] In the power storage system 1, a measuring circuit
11 and a battery management unit (BMU) 12 are provided
for each battery string 5. Accordingly, in a battery-mounted
device or the like in which the storage battery 2 is mounted,
the same number of measuring circuits 11 and the same
number of battery management units 12 as the number of
battery strings 5 are provided. Each measuring circuit 11
detects and measures parameters relating to the correspond-
ing battery string 5, in the charge or discharge of the
corresponding battery string 5. In each of the measuring
circuits 11, the parameters are detected and measured peri-
odically at a predetermined timing. Specifically, each mea-
suring circuit 11 measures the parameters relating to the
corresponding battery string 5 in each of a plurality of
measuring periods. Thus, each measuring circuit 11 mea-
sures multiple times the parameters relating to the corre-
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sponding battery string 5 in the charge or discharge of the
corresponding battery string 5. Note that a period in which
each measuring circuit 11 executes the measurement in the
charge or discharge of the corresponding battery string 5 is
defined as “measuring period”. The parameters relating to
the battery string 5 include an electric current flowing in the
battery string 5 (i.e. an electric current flowing in each of the
batteries 6), a voltage of the entirety of the battery string 5
(a voltage of the entirety of the series-connected part of the
batteries 6), and a voltage of each of the batteries 6 of the
battery string 5. Thus, the measuring circuit 11 includes an
amperemeter which measures the current, and a voltmeter
which measures the voltage. Further, the measuring circuit
11 may measure either the temperature of the battery string
5, or the temperature of each of the batteries 6. In this case,
the measuring circuit 11 includes a temperature sensor or the
like which measures the temperature. Each of the measuring
circuits 11, in each of a plurality of measuring periods, may
measure the above-described parameters relating to the
corresponding battery string 5 at an identical time point, or
may measure the above-described parameters relating to the
corresponding battery string 5 at different time points in an
identical measuring period.

[0020] Each of the battery management units 12 consti-
tutes a processing device (computer) which manages the
corresponding battery string 5, and includes a processor and
a storage medium (non-transitory storage medium). The
processor includes any one of a CPU (Central Processing
Unit), a GPU (Graphics Processing Unit), an ASIC (Appli-
cation Specific Integrated Circuit), a microcomputer, an
FPGA (Field Programmable Gate Array), and a DSP (Digital
Signal Processor), and the like. The storage medium may
include an auxiliary storage device, in addition to a main
storage device such as a memory. Examples of the storage
medium include a magnetic disk, an optical disc (e.g.
CD-ROM, CD-R, DVD), a magneto-optical disc (e.g. MO),
and semiconductor memory. In each of the battery manage-
ment unit 12, each of the number of processors and the
number of storage media may be one or plural. In each
battery management unit 12, the processor executes a pro-
gram or the like stored in the storage medium or the like,
thereby executing a process. In addition, in each battery
management unit 12, the program that is executed by the
processor may be stored in a computer (server) connected
via a network such as the Internet, or may be stored in a
server or the like in a cloud environment. In this case, the
processor downloads the program via the network.

[0021] The determination device 3 may be provided in the
battery-mounted device in which the storage battery 2 is
mounted, or may be provided outside the battery-mounted
device. The determination device 3 executes a determination
process in regard to each of the battery strings 5, and
includes a data acquisition unit 13, an internal state estima-
tion unit 15, a determination unit 16 and a data storage unit
17. In one example, the determination device 3 is a server
which can communicate with each of the battery manage-
ment units 12 via a network. In this case, like each battery
management unit 12, the determination device 3 includes a
processor and a storage medium (non-transitory storage
medium). In addition, the data acquisition unit 13, internal
state estimation unit 15 and determination unit 16 execute a
part of processes which are executed by the processor or the
like of the determination device 3, and the storage medium
of the determination device 3 functions as the data storage
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unit 17. In another example, the determination device 3 is a
cloud server constituted in a cloud environment. The infra-
structure of the cloud environment is constituted by a virtual
processor, such as a virtual CPU, and a cloud memory. Thus,
when the determination device 3 is the cloud server, the data
acquisition unit 13, internal state estimation unit 15 and
determination unit 16 execute a part of processes which are
executed by the virtual processor. Further, the cloud memory
functions as the data storage unit 17.

[0022] Note that the data storage unit 17 may be provided
in a computer which is different from the battery manage-
ment unit 12 and determination device 3. In this case, the
determination device 3 is connected via a network to a
computer in which the data storage unit 17 or the like is
provided.

[0023] In the determination device 3, the processor
executes the determination relating to a deterioration degree
of each of the battery strings 5, and the determination
relating to a deterioration variance among the batteries 6 in
each of the battery strings 5. In the storage battery 2 having
the above-described structure, if a certain period has passed
since the start of use, there is a possibility that a variance
(difference) occurs in internal states among the batteries 6 in
each of the battery strings 5. In each battery string 5, the
variance in the internal states among the batteries 6 also
leads to a variance in the deterioration degrees among the
batteries. With the deterioration variance being suppressed
among the batteries 6, it is possible to prevent the occurrence
of a battery 6 whose deterioration degree is excessively
great, compared to the other batteries 6, and to effectively
prevent the occurrence of a battery 6 whose load is exces-
sively great, compared to the other batteries 6. Thus, a fast
progress of deterioration in the battery string 5 is prevented,
and deterioration in performance of the battery string 5 is
prevented. In addition, by the effective prevention of the
occurrence of a battery 6 whose load is excessively great,
compared to the other batteries 6, the occurrence of an
accident is effectively prevented and the safety is secured.
Thus, in each of the battery strings 5, it is important that the
deterioration variance among the batteries 6, in addition to
the deterioration degree of the battery string 5, is properly
determined. Hereinafter, description will be given of a
determination process relating to one certain battery string 5,
i.e. a determination process relating to a plurality of batteries
which are connected in series. Note that the determination
process described below is similarly executed for the other
battery strings 5.

[0024] When the determination is performed in regard to
a certain battery string 5, the battery string 5 is charged or
discharged, and the corresponding measuring circuit 11
measures the above-described parameters (the parameters
relating to the series-connected batteries 6) relating to the
battery string 5. In addition, the corresponding battery
management unit 12 acquires measurement values in the
measuring circuit 11 of the parameters relating to the battery
string 5. Thus, the battery management unit 12 acquires an
electric current flowing in the battery string 5 (i.e. an electric
current flowing in each of the batteries 6), a voltage of the
entirety of the battery string 5 (a voltage of the entirety of the
series-connected part of the batteries 6), and a voltage of
each of the batteries 6 of the battery string 5. The battery
management unit 12 periodically acquires at a predeter-
mined timing the measurement values of the parameters
relating to the battery string 5. Specifically, the battery
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management unit 12 acquires the measurement values of the
parameters relating to the battery string 5 in regard to each
of a plurality of measuring periods. For example, the battery
management unit 12 acquires the measurement values of the
voltages of the batteries 6 in regard to each of the measuring
periods. Thus, the battery management unit 12 also acquires,
as measurement data, a time variation (time history) of
parameters relating to the battery string 5, in addition to the
measurement values of the parameters relating to the battery
string 5. Accordingly, the measurement data that the battery
management unit 12 acquires includes the time variation
(time history) of the current flowing in the battery string 5,
the time variation (time history) of the voltage of the entirety
of the battery string 5, and the time variation (time history)
of the voltage of each of the batteries 6 of the battery string
5. Further, the measurement data may include either the time
variation of the temperature of the battery string 5, or the
time variation of the temperature of each of the batteries 6.
Note that each of the measuring circuits 11, in each of a
plurality of measuring periods, may measure the voltages of
the batteries 6 of the battery string 5 at an identical time
point, or may measure the voltages of the batteries 6 of the
battery string 5 at different time points in an identical
measuring period.

[0025] Besides, the battery management unit 12 may
acquire charge conditions or discharge conditions at a time
of measuring the parameters relating to the battery string 5,
in addition to the above-described measurement data. The
charge conditions include a charge current value, an SOC
(State of Charge) of the battery string 5 at the start of charge
and the end of charge, and the temperature range of the
battery string 5 at the time of charge. Similarly, the discharge
conditions include a discharge current value, the SOC of the
battery string 5 at the start of discharge and the end of
discharge, and the temperature range of the battery string 5
at the time of discharge.

[0026] The battery management unit 12 may acquire, as
measurement data, data indicative of a relationship of the
voltage of the battery string 5 to either a charge amount
(discharge amount) of the battery string 5 from the start of
charge (the start of discharge) or the SOC of the battery
string 5. In addition, the battery management unit 12 may
acquire, as measurement data, data indicative of a relation-
ship of the voltage of each of the batteries 6 to either a
charge amount (discharge amount) of the battery string 5
from the start of charge (start of discharge) or the SOC of the
battery string 5. The charge amount (discharge amount) of
the battery string 5 from the start of charge (start of
discharge) can be calculated by using the elapsed time from
the start of charge (start of discharge) and the time variation
(time history) of the current flowing in the battery string 5
(the batteries 6 of the battery string 5). In addition, in the
present embodiment, because of the configuration in which
the batteries 6 are connected in series in the battery string 5,
the charge amount (discharge amount) of the battery string
5 from the start of charge (start of discharge) corresponds to
the charge amount (discharge amount) of the battery 6 as an
elemental battery from the start of charge (start of dis-
charge).

[0027] The SOC of the battery string 5 is indicative of the
ratio of the residual capacitance of the battery string 5 until
the SOC reaches 0% to the full-charge capacitance of the
battery string 5 until the SOC reaches 100% from 0%. The
SOC of the battery string 5 can be calculated by using the
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above-described measurement data and the charge/discharge
history or the like of the battery string 5. Examples of the
method of calculating the SOC of the battery string 5 include
a current integration method, a calculation method using the
relationship between the inter-terminal voltage and the SOC
in the battery string 5, and an estimation method using a
Kalman filter.

[0028] Note that, in regard to each of the batteries 6, the
ratio of the residual, capacitance until the SOC reaches 0%
relative to the full-charge capacitance is defined as the SOC.
In each of the batteries 6, the state in which the inter-
terminal voltage (the voltage between the positive electrode
terminal and the negative electrode terminal) has a voltage
value Val under set discharge conditions is defined as the
state in which the SOC is 0%, and the state in which the
inter-terminal voltage has a voltage value Va2, which is
greater than the voltage value Val, under set charge con-
ditions is defined as the state in which the SOC is 100%. In
addition, when the battery string 5 is regarded as one battery,
if the number of series-connected batteries in the battery
string 5 is N, the state in which the inter-terminal voltage is
NxVal in the battery string 5 is defined as the state of the
SOC=0% in the battery string 5, and the state in which the
inter-terminal voltage is NxVa2 is defined as the state in
which SOC is 100%. However, in the battery string 5, the
state in which one of the N-number of batteries 6 reaches Val
may be defined as the state in which the SOC is 0%, and the
state in which one of the N-number of batteries 6 reaches
Va2 may be defined as the state in which the SOC is 100%.

[0029] In addition, in the present embodiment, the battery
management unit 12 calculates, based on the measurement
data, first voltage data indicative of a variation of a maxi-
mum voltage Vmax, which is greatest among the voltages of
the batteries 6 of the battery string 5, in the charge or
discharge of the battery string 5. Here, in the charge or
discharge of the batteries 6 of the battery string 5, as
described above, the voltages of the batteries 6 are periodi-
cally measured, and the battery management unit 12
acquires measurement values of the voltages of the batteries
6 in each of a plurality of measuring periods (each mea-
surement in a plurality of periods). The maximum voltage
Vmax is defined in each measuring period (in each mea-
surement in periods), and the greatest voltage among the
voltages of the batteries 6 in each measuring period is
defined as the maximum voltage Vmax. In addition, the data
indicative of the maximum voltage Vmax in two or more
measuring periods becomes first voltage data. Accordingly,
the data indicative of the maximum voltage Vmax, which is
greatest among the voltages of the batteries 6, in each
measuring period in the charge or discharge of the battery
string 5, becomes the first voltage data. Specifically, a set of
maximum voltages Vmax in the respective measuring peri-
ods becomes first voltage data, and the first voltage data
indicates the maximum voltage Vmax, which is greatest
among the voltages of the batteries 6, in each measurement
in the periods in the charge or discharge of the battery string
5. The first voltage data may be data indicative of a time
variation (time history) of the maximum voltage Vmax in
the charge or discharge, or may be data indicative of a
relationship of the maximum voltage Vmax to either the
charge amount (discharge amount) of the battery string 5
from the start of charge (start of discharge) or the SOC of the
battery string 5.
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[0030] Besides, the battery management unit 12 calcu-
lates, based on the measurement data, second voltage data
indicative of a variation of a minimum voltage Vmin, which
is least among the voltages of the batteries 6 of the battery
string 5, in the charge or discharge of the batteries 6 of the
battery string 5. Like the maximum voltage Vmax, the
minimum voltage Vmin is defined in each measuring period
(in each measurement in periods). In each measuring period,
the least voltage among the voltages of the batteries 6 is
defined as the minimum voltage Vmin. In addition, the data
indicative of the minimum voltage Vmin in two or more
measuring periods becomes second voltage data. Accord-
ingly, the data indicative of the minimum voltage Vmin,
which is least among the voltages of the batteries 6, in each
measuring period in the charge or discharge of the battery
string 5, becomes the second voltage data. Specifically, a set
of minimum voltages Vmin in the respective measuring
periods becomes second voltage data, and the second volt-
age data indicates the minimum voltage Vmin, which is least
among the voltages of the batteries 6, in each measurement
in the periods in the charge or discharge of the battery string
5. The second voltage data may be data indicative of a time
variation (time history) of the minimum voltage Vmin in the
charge or discharge, or may be data indicative of a relation-
ship of the minimum voltage Vmin to either the charge
amount (discharge amount) of the battery string 5 from the
start of charge (start of discharge) or the SOC of the battery
string 5.

[0031] Here, the first voltage data and the second voltage
data will be described. The first voltage data and second
voltage data are generated based on at least measurement
results of voltages of the batteries 6 in the measuring circuit
11. FIG. 3 is a schematic view illustrating an example of
variations of voltages of a plurality of batteries in the charge
of the battery string according to the embodiment. In the
example of FIG. 3, a relationship of voltages of the batteries
6 to the charge amount of the battery string 5 from the start
of charge (the charge amount of the elemental battery 6 from
the start of charge) is indicated. In addition, in the example
of FIG. 3, the voltages of the batteries 6 are periodically
measured (multiple times) in a plurality of periods from the
start of charge (from the state in which the charge amount is
0) until the charge amount reaches Qa. In addition, FIG. 3
shows, by solid lines, a variation of a voltage Va of one
battery 6a among the batteries 6, and a variation of a voltage
Vb of another battery 65 which is different from the battery
6a among the batteries 6. Besides, variations of voltages of
the batteries 6 other than the batteries 6a and 65 are
indicated by broken lines.

[0032] In the example of FIG. 3, in any part of a range of
0 to Qa of the charge amount, the voltage Va of the battery
64 is a maximum voltage Vmax which is greatest among the
voltages of the batteries 6. Thus, in any part of the range of
0 to Qa of the charge amount, i.e. in any part of the range of
the charge amount in which the voltages of the batteries 6
were measured, the data indicative of the variation of the
voltage Va of the battery 6a corresponds to the data indica-
tive of the variation of the maximum voltage Vmax. Accord-
ingly, the data indicative of the variation of the voltage Va
of'the battery 6a in the charge becomes the first voltage data
indicative of the variation of the maximum voltage Vmax in
the charge. In other words, the data indicative of the voltage
Va of the battery 64 in each measurement in a plurality of
periods becomes the first voltage data indicative of the
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maximum voltage Vmax in each measurement in a plurality
of periods in the charge. In addition, in the example of FIG.
3, in any part of the range of 0 to Qa of the charge amount,
the voltage Vb of the battery 65 is a minimum voltage Vmin
which is least among the voltages of the batteries 6. Thus, in
any part of the range of 0 to Qa of the charge amount, i.e.
in any part of the range of the charge amount in which the
voltages of the batteries 6 were measured, the data indicative
of the variation of the voltage Vb of the battery 65 corre-
sponds to the data indicative of the variation of the minimum
voltage Vmin. Accordingly, the data indicative of the varia-
tion of the voltage Vb of the battery 65 in the charge
becomes the second voltage data indicative of the variation
of the minimum voltage Vmin in the charge. In other words,
the data indicative of the voltage Vb of the battery 65 in each
measurement in a plurality of periods becomes the second
voltage data indicative of the minimum voltage Vmin in
each measurement in a plurality of periods in the charge.

[0033] FIG. 4A is a schematic view illustrating an
example of variations of voltages of batteries during the
charge of the battery string according to the embodiment,
this example being different from the example of FIG. 3.
Also in the example of FIG. 4A, a relationship of voltages
of the batteries 6 to the charge amount of the battery string
5 from the start of charge (the charge amount of the
elemental battery 6 from the start of charge) is indicated. In
addition, also in the example of FIG. 4A, the voltages of the
batteries 6 are periodically measured (multiple times) in a
plurality of periods from the start of charge (from the state
in which the charge amount is 0) until the charge amount
reaches Qa. FIG. 4A shows, by solid lines, a variation of the
voltage Va of the battery 6a and a variation of the voltage Vb
of the battery 6b, and shows, by a dot-and-dash line, a
variation of a voltage V¢ of a battery 6¢ which is different
from the batteries 6a and 65 of the batteries 6. Besides,
variations of voltages of the batteries 6 other than the
batteries 6a, 65 and 6¢ are indicated by broken lines. Further,
FIG. 4B is a schematic view illustrating first voltage data
and second voltage data generated in the example of FIG.
4A.

[0034] In the example of FIG. 4A, a battery, which takes
a maximum voltage Vmax among the batteries 6, becomes
different at a charge amount Qb (0<Qb<Qa) as a boundary.
Specifically, in a range of O to less than Qb of the charge
amount, the voltage Va of the battery 6a is the maximum
voltage Vmax which is greatest among the voltages of the
batteries 6. Besides, in a range of Qb to Qa of the charge
amount, the voltage V¢ of the battery 6¢ is the maximum
voltage Vmax. Thus, in the range of O to less than Qb of the
charge amount, the data indicative of the variation of the
voltage Va of the battery 6a corresponds to the data indica-
tive of the variation of the maximum voltage Vmax, and, in
the range of Qb to Qa of the charge amount, the data
indicative of the variation of the voltage Vc of the battery 6¢
corresponds to the data indicative of the variation of the
maximum voltage Vmax. Accordingly, using the data
indicative of the variations of the voltages Va and Vc of the
batteries 6a and 6c¢ in the charge, the first voltage data
indicative of the variation of the maximum voltage Vmax in
the charge, i.e. the first voltage data indicative of the
maximum voltage Vmax in each measurement in the plural
periods in the charge, is generated. In this case, for example,
the data indicative of the relationship of the maximum
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voltage Vmax to the charge amount from the start of charge
of the battery string 5 in FIG. 4B is generated as the first
voltage data.

[0035] In addition, in the example of FIG. 4A, a battery,
which takes a minimum voltage Vmin among the batteries
6, becomes different at a charge amount Qc (0<Qc<Qb<Qa)
as a boundary. Specifically, in a range of 0 to less than Qc
of the charge amount, the voltage Vc of the battery 6c is the
minimum voltage Vmin which is least among the voltages of
the batteries 6. Besides, in the range of Qc to Qa of the
charge amount, the voltage Vb of the battery 65 is the
minimum voltage Vmin. Thus, in the range of O to less than
Qc of the charge amount, the data indicative of the variation
of the voltage Vc of the battery 6¢ corresponds to the data
indicative of the variation of the minimum voltage Vmin,
and, in the range of Qc to Qa of the charge amount, the data
indicative of the variation of the voltage Vb of the battery 65
corresponds to the data indicative of the variation of the
minimum voltage Vmin. Accordingly, using the data indica-
tive of the variations of the voltages Vb and Vc of the
batteries 65 and 6c in the charge, the second voltage data
indicative of the variation of the minimum voltage Vmin in
the charge, i.e. the second voltage data indicative of the
minimum voltage Vmin in each measurement in the plural
periods in the charge, is generated. In this case, for example,
the data indicative of the relationship of the minimum
voltage Vmin to the charge amount from the start of charge
of the battery string 5 in FIG. 4B is generated as the second
voltage data.

[0036] In addition, when the battery modules 7 are con-
nected in series in the battery string 5 as in the example of
FIG. 2, the same number of module management units (not
shown) as the number of battery modules 7 provided in the
battery string 5 may be provided as management device
which are slaves of the battery management unit 12. In this
case, each of the module management units constitutes a
processing device (computer) which manages the corre-
sponding battery module 7 of the battery string 5, and
includes, like the battery management unit 12, a processor
and a storage medium. Further, in one example, the same
number of measuring circuits 11 as the number of battery
modules 7 provided in the battery string 5 may be provided.
In this case, each of the measuring circuits 11 detects and
measures parameters relating to the corresponding battery
module 7 in the charge or discharge of the corresponding
battery module 7.

[0037] In addition, each of the module management units
may acquire a measurement value of a voltage in regard to
each of the batteries 6 provided in the corresponding battery
module 7. In this case, each of the module management units
calculates, based on the acquired measurement values, pro-
visional maximum voltage data indicative of a variation of
a greatest voltage among the voltages of the batteries 6 of the
corresponding battery module 7 in the charge or discharge of
the battery string 5. Further, each of the module management
units calculates, based on the acquired measurement values,
provisional minimum voltage data indicative of a variation
of'a least voltage among the voltages of the batteries 6 of the
corresponding battery module 7 in the charge or discharge of
the battery string 5. In addition, the provisional maximum
voltage data and provisional minimum voltage data are
output from each of the module management units to the
battery management unit 12. Then, the battery management
unit 12 generates the above-described first voltage data,



US 2022/0137151 Al

based on the provisional maximum voltage data that is
output from each of the module management units, and
generates the above-described second voltage data, based on
the provisional minimum voltage data that is output from
each of the module management units.

[0038] The battery management unit 12 outputs to the
determination device 3 the data indicative of the variation of
the electric current flowing in the battery string 5 in the
charge or discharge of the battery string 5. In addition, the
battery management unit 12 outputs the above-described
first voltage data and second voltage data to the determina-
tion device 3. Further, the battery management unit 12 also
outputs (transmits), to the determination device 3, third
voltage data indicative of a variation of a voltage of the
entirety of the battery string 5 (a voltage of the entirety of the
series-connected part of the batteries 6) in the charge or
discharge of the battery string 5. The third voltage data is
included in the above-described measurement data, and the
third voltage data indicates the voltage of the entirety of the
battery string 5 in each measurement in the plural periods in
the charge or discharge of the battery string 5. Besides, the
third voltage data may be data indicative of a time variation
(time history) of the voltage of the battery string 5 in the
charge or discharge, or may be data indicative of a relation-
ship of the voltage of the battery string 5 to either the charge
amount (discharge amount) of the battery string 5 from the
start of charge (start of discharge) or the SOC of the battery
string 5.

[0039] Note that the battery management unit 12 may also
output to the determination device 3 the data which is
included in the measurement data and is other than the third
voltage data. In one example, either data indicative of a
variation of the temperature of the battery string 5 in the
charge or discharge of the battery string 5, or data indicative
of a variation of the temperature of each of the batteries 6 in
the charge or discharge of the battery string 5, is output to
the determination device 3 in addition to the above-de-
scribed first voltage data, second voltage data and third
voltage data. In addition, the battery management unit 12
may output to the determination device 3 charge conditions
or discharge conditions at the time of measuring the param-
eters relating to the battery string 5.

[0040] The data acquisition unit 13 of the determination
device 3 receives and acquires the data that is output from
the battery management unit 12. Accordingly, the data
acquisition unit 13 acquires at least the first voltage data,
second voltage data and third voltage data. The data acqui-
sition unit 13 also receives the charge conditions or dis-
charge conditions at the time of measuring the parameters
relating to the battery string 5. Note that, in the above-
described embodiment, the battery management unit 12 or
the like generates the first voltage data and second voltage
data, but the data acquisition unit 13 of the determination
device 3 may generate the first voltage data and second
voltage data. In this case, the data acquisition unit 13
acquires the measurement values of the parameters relating
to the battery string 5 and the above-described measurement
data from the battery management unit 12 or the like. Then,
the data acquisition unit 13 generates the first voltage data
and second voltage data, based on the measurement values
of the parameters relating to the battery string 5 and the
measurement data.

[0041] The internal state estimation unit 15 executes a
process by using the first voltage data, second voltage data
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and third voltage data acquired by the data acquisition unit
13. The internal state estimation unit 15 estimates a first
internal state parameter, based on the first voltage data or the
like. The first internal state parameter is a parameter indica-
tive of an internal state of the elemental battery 6 in a case
where the voltage varies like the first voltage data in the
charge or discharge. Specifically, the first internal state
parameter indicates the internal state of the elemental battery
6 in a case where the voltage in each measurement in the
plural periods becomes identical to the maximum voltage
Vmax of the first voltage data. Accordingly, by estimating
the first internal state parameter, the internal state of the
elemental battery 6 in the case where the voltage varies like
the maximum voltage Vmax in the charge or discharge is
estimated. In one example, the internal state estimation unit
15 estimates the first internal state parameter by performing
charge curve analysis (discharge curve analysis), for
example, by analyzing the first voltage data indicative of the
variation of the maximum voltage Vmax in the charge
(discharge) and the data indicative of the variation of the
current flowing in the battery string 5 in the charge (dis-
charge). Note that, in the example of FIG. 3, the internal
state of the battery 6a is substantially estimated by estimat-
ing the first internal state parameter. In addition, in the
example of FIG. 4A and FIG. 4B, an internal state of a
virtual battery, the voltage of which varies like the maximum
voltage Vmax in the charge, is estimated by estimating the
first internal state parameter.

[0042] In addition, the internal state estimation unit 15
estimates a second internal state parameter, based on the
second voltage data or the like. The second internal state
parameter is a parameter indicative of an internal state of the
elemental battery 6 in a case where the voltage varies like
the second voltage data in the charge or discharge. Specifi-
cally, the second internal state parameter indicates the inter-
nal state of the elemental battery 6 in a case where the
voltage in each measurement in the plural periods becomes
identical to the minimum voltage Vmin of the second
voltage data. Accordingly, by estimating the second internal
state parameter, the internal state of the elemental battery 6
in the case where the voltage varies like the minimum
voltage Vmin in the charge or discharge is estimated. In one
example, the internal state estimation unit 15 estimates the
second internal state parameter by performing charge curve
analysis (discharge curve analysis), for example, by analyz-
ing the second voltage data indicative of the variation of the
minimum voltage Vmin in the charge (discharge) and the
data indicative of the variation of the current flowing in the
battery string 5 in the charge (discharge). Note that, in the
example of FIG. 3, the internal state of the battery 66 is
substantially estimated by estimating the second internal
state parameter. In addition, in the example of FIG. 4A and
FIG. 4B, an internal state of a virtual battery, the voltage of
which varies like the minimum voltage Vmin in the charge,
is estimated by estimating the second internal state param-
eter.

[0043] Besides, the internal state estimation unit 15 esti-
mates a third internal state parameter, based on the third
voltage data or the like. The third internal state parameter is
a parameter indicative of an internal state of the battery
string 5, i.e. a parameter indicative of an internal state in the
entirety of the series-connected part of the batteries 6.
Accordingly, by estimating the third internal state parameter,
the internal state of the battery string 5 is estimated. In one
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example, the internal state estimation unit 15 estimates the
third internal state parameter by performing charge curve
analysis (discharge curve analysis), for example, by analyz-
ing the third voltage data indicative of the variation of the
voltage of the entirety of the battery string 5 (the voltage of
the entirety of the series-connected part of the batteries 6) in
the charge (discharge), and the data indicative of the varia-
tion of the current flowing in the battery string 5 in the
charge (discharge).

[0044] Here, each of the above-described first to third
internal state parameters includes, for example, any one of
a positive electrode capacitance (or a positive electrode
mass), a negative electrode capacitance (or a positive elec-
trode mass), an initial charge amount of the positive elec-
trode, an initial charge amount of the negative electrode, and
an internal resistance. In addition, each of the first to third
internal state parameters may include an SOW (Shift of
Operation Window) which is a shift between the initial
charge amount of the positive electrode and the initial charge
amount of the negative electrode. It should be noted, how-
ever, that the first internal state parameter and the second
internal state parameter are internal state parameters relating
to the elemental battery 6, and the third internal state
parameter is an internal state parameter relating to the
entirety of the battery string 5 (the entirety of the series-
connected part).

[0045] FIG. 5 is a schematic view for explaining the
internal state parameters indicative of the internal state of
the elemental battery, such as the first internal state param-
eter and the second internal state parameter. As shown in
FIG. 5, in the battery 6 or the like, a charge amount until the
charge amount of the positive electrode reaches an upper-
limit charge amount from an initial charge amount is a
positive electrode capacitance. In addition, a charge amount
of the positive electrode in a state in which the positive
electrode potential (the electric potential of the positive
electrode terminal) becomes V1 is defined as the initial
charge amount, and a charge amount of the positive elec-
trode in a state in which the positive electrode potential
becomes V2, which is higher than V{1, is defined as the
upper-limit charge amount. Besides, in the battery 6 or the
like, a charge amount until the charge amount of the negative
electrode reaches an upper-limit charge amount from an
initial charge amount is a negative electrode capacitance. In
addition, a charge amount of the negative electrode in a state
in which the negative electrode potential (the electric poten-
tial of the negative electrode terminal) becomes Vvl is
defined as the initial charge amount, and a charge amount of
the negative electrode in a state in which the negative
electrode potential becomes Vy2, which is lower than Vyl,
is defined as the upper-limit charge amount.

[0046] Besides, when the battery string 5 is regarded as
one battery, also in the battery string 5, like the elemental
battery 6, a charge amount until the charge amount of the
positive electrode reaches an upper-limit charge amount
from an initial charge amount is a positive electrode capaci-
tance, and a charge amount until the charge amount of the
negative electrode reaches an upper-limit charge amount
from an initial charge amount is a negative electrode capaci-
tance. It should be noted, however, that, in the battery string
5, if the number of series-connected batteries 6 in the battery
string 5 is N, the charge amount of the positive electrode in
a state in which the positive electrode potential (the electric
potential of the positive electrode terminal) becomes NxV {1
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is defined as the initial charge amount, and the charge
amount of the positive electrode in a state in which the
positive electrode potential becomes NxV[2 is defined as
the upper-limit charge amount. In addition, in the battery
string 5, the charge amount of the negative electrode in a
state in which the negative electrode potential (the electric
potential of the negative electrode terminal) becomes
NxVvyl is defined as the initial charge amount, and the
charge amount of the negative electrode in a state in which
the negative electrode potential becomes NxVy2 is defined
as the upper-limit charge amount. Further, the positive
electrode mass can be estimated from the estimated positive
electrode capacitance and the kind of material, of which the
positive electrode is formed. Similarly, the negative elec-
trode mass can be estimated from the estimated negative
electrode capacitance and the kind of material, of which the
negative electrode is formed.

[0047] In each of the battery string 5 and batteries 6, each
of the above-described positive electrode capacitance and
negative electrode capacitance decreases due to the deterio-
ration by repetitive charge and discharge, compared to when
the use thereof was started. In addition, in each of the battery
string 5 (series-connected part) and batteries 6, the above-
described SOW varies from the time of the start of use due
to deterioration. Further, in the battery string 5, if a dete-
rioration variance increases among the batteries 6, a variance
increases among the batteries 6 in regard to the internal state
parameters, such as the positive electrode capacitance, nega-
tive electrode capacitance and SOW.

[0048] Note that, in each of the battery string 5 and the
elemental battery 6, a battery capacitance is defined as a
battery characteristic parameter indicative of battery char-
acteristics. The battery capacitance corresponds to a charge
amount until the difference between the positive electrode
potential and the negative electrode potential reaches Vat
from Val (see FIG. 5). In each of the battery string 5 and the
elemental battery 6, an open circuit voltage (OCV) and an
OCYV curve are battery characteristic parameters, in addition
to the battery capacitance. The OCV curve is a function
indicative of a relationship between a parameter other than
the OCV, and the OCV. For example, the OCV curve is a
function indicative of a relationship of the OCV to the SOC
or the charge amount. In addition, in each of the battery
string 5 and the elemental battery 6, the internal resistance,
which is one of the internal state parameters, is also a battery
characteristic parameter indicative of battery characteristics.
In one example, the internal state estimation unit 15 may
estimate the above-described battery characteristic param-
eter, based on the estimated internal state parameter.

[0049] The data storage unit 17 stores arithmetic data
which is used in arithmetic operations in the above-de-
scribed estimation of the internal state parameters. The
internal state estimation unit 15 reads arithmetic data, which
is necessary for the estimation of the internal state param-
eters or the like, from the data storage unit 17. The arithmetic
data includes, for example, a function indicative of the OCP
(Open Circuit Potential) of the positive electrode relative to
the SOC of the positive electrode in each of the elemental
battery 6 and the battery string 5, and a function indicative
of the OCP of the negative electrode relative to the SOC of
the negative electrode in each of the elemental battery 6 and
the battery string 5. In addition, in the estimation of the
above-described internal state parameters, interim estima-
tion values or the like are calculated in a process of obtaining
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an ultimate estimation result. The above-described arithme-
tic data may include an interim estimation value of each of
the internal state parameters. Besides, the internal state
estimation unit 15 can store, in the data storage unit 17, those
estimation values, among the interim and ultimate estima-
tion values of the internal state parameters, which become
necessary in the subsequent estimation process.

[0050] Note that the estimation of the internal state param-
eters of an elemental battery by charge curve analysis is
disclosed in, for example, a reference literature 1 (Jpn. Pat.
Appln. KOKAI Publication No. 2018-147827). In the pres-
ent embodiment, for example, like the charge curve analysis
of the reference literature 1, the above-described internal
state parameters are estimated. In addition, the estimation of
the battery characteristic parameter based on the internal
state parameters may be performed in the same manner as
described in the reference literature 1. For example, when
the OCV curve is estimated as the battery characteristic
parameter, an upper-limit voltage and a lower-limit voltage,
which are imposed on the OCV in regard to each of the
elemental battery 6 and the battery string 5, are stored in the
data storage unit 17 as arithmetic data.

[0051] The determination unit 16 executes a process by
using the first internal state parameter, second internal state
parameter and third internal state parameter which are
estimated by the internal state estimation unit 15. The
determination unit 16 determines the deterioration variance
among the batteries 6 of the battery string 5, based on at least
the first internal state parameter and the second internal state
parameter. The determination unit 16 compares the first
internal state parameter and the second internal state param-
eter in the determination of the deterioration variance among
the batteries 6. In one example, the determination unit 16
calculates a difference between the first internal state param-
eter and the second internal state parameter. In addition, the
determination unit 16 determines that the deterioration vari-
ance among the batteries 6 is greater, as the difference
between the first internal state parameter and the second
internal state parameter becomes greater.

[0052] Here, the determination unit 16 determines the
deterioration variance among the batteries 6, based on one or
more determination items. The data storage unit 17 stores
reference data which serves as a reference of a relationship
of a deterioration variance to one or more determination
items. The determination unit 16 reads the reference data
from the data storage unit 17, and determines the deterio-
ration variance, based on the above-described first internal
state parameter, the second internal state parameter and the
reference data. An example of the determination items in the
determination of the deterioration variance is a difference
between the first internal state parameter and the second
internal state parameter. Specifically, a difference between
the first internal state parameter and the second internal state
parameter in regard to any one of the positive electrode
capacitance, the negative electrode capacitance, the SOW
and the internal resistance is used as a determination item.

[0053] In addition, by the first internal state parameter
being estimated as described above, a first related parameter
that is related to the first internal state parameter can be
estimated. Examples of the first related parameter include a
battery capacitance, a battery capacity retention ratio, a
positive electrode capacity retention ratio and a negative
electrode capacity retention ratio of the elemental battery 6
in a case where the voltage varies like the first voltage data
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in the charge or discharge. In addition, by the second internal
state parameter being estimated as described above, a second
related parameter that is related to the second internal state
parameter can be estimated. Examples of the second related
parameter include a battery capacitance, a battery capacity
retention ratio, a positive electrode capacity retention ratio
and a negative electrode capacity retention ratio of the
elemental battery 6 in a case where the voltage varies like
the second voltage data in the charge or discharge. Here, the
positive electrode capacity retention ratio is the ratio of the
estimated positive electrode capacitance to the positive
electrode capacitance at the time of the start of use, and the
negative electrode capacity retention ratio is the ratio of the
estimated negative electrode capacitance to the negative
electrode capacitance at the time of the start of use.

[0054] In the determination of the deterioration variance
among the batteries 6, the determination unit 16 may com-
pare the first related parameter and the second related
parameter, instead of comparing the first internal state
parameter and the second internal state parameter, or in
addition to comparing the first internal state parameter and
the second internal state parameter. In one example, the
determination unit 16 determines that the deterioration vari-
ance among the batteries 6 is greater, as the difference
between the first related parameter and the second related
parameter becomes greater. In this case, the determination
items in the determination of the deterioration variance
include, for instance, a difference between the first related
parameter and the second related parameter. Specifically, a
difference between the first related parameter and the second
related parameter in regard to any one of the battery capaci-
tance, battery capacity retention ratio, positive electrode
capacity retention ratio and negative electrode capacity
retention ratio is used as a determination item.

[0055] FIG. 6 is a schematic view illustrating an example
of reference data, which serves as a reference of a relation-
ship of a deterioration variance among a plurality of batter-
ies with respect to one or more determination items. In the
example of FIG. 6, the determination is performed based on
two determination items, namely a difference AX of the
positive electrode capacitance between the first internal state
parameter and the second internal state parameter, and a
difference AY of the negative electrode capacitance between
the first internal state parameter and the second internal state
parameter. In the reference data of FIG. 6, two thresholds
AXthl and AXth2 (AXth1<AXth2) are set in regard to the
difference AX of the positive electrode capacitance, and two
thresholds AYthl and AYth2 (AYth1<AYth2) are set in
regard to the difference AY of the negative electrode capaci-
tance.

[0056] In the determination based on the reference data of
FIG. 6, when the difference AX of the positive electrode
capacitance is less than the threshold AXth1 and the differ-
ence AY of the negative electrode capacitance is less than the
threshold AYthl, the determination unit 16 sets the deterio-
ration variance among the batteries 6 at “Level 17, and
determines that the deterioration variance is relatively small.
In addition, in each of the case where the difference AX of
the positive electrode capacitance is less than the threshold
AXth2 and the difference AY of the negative electrode
capacitance is the threshold AYth1 or more and is less than
AYth2, and the case where the difference AX of the positive
electrode capacitance is the threshold AXth1 or more and is
less than AXth2, and the difference AY of the negative
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electrode capacitance is less than the threshold AYth2, the
determination unit 16 sets the deterioration variance among
the batteries 6 at “Level 27, and determines that the dete-
rioration variance is in an intermediate level. Further, in each
of'the case where the difference AX of the positive electrode
capacitance is the threshold AXth2 or more, and the case
where the difference AY of the negative electrode capaci-
tance is the threshold AYth2 or more, the determination unit
16 sets the deterioration variance among the batteries 6 at
“Level 37, and determines that the deterioration variance is
relatively large.

[0057] Note that, in the example of FIG. 6, the deteriora-
tion variance among the batteries 6 is divided into the three
levels, but the deterioration variance among the batteries 6
may be divided into, for example, five levels. Besides, the
deterioration variance among the batteries 6 may be indi-
cated by a variance index or the like. In this case, for
example, as the variance index becomes greater, the dete-
rioration variance among the batteries 6 is determined to be
greater.

[0058] In addition, based on at least the third internal state
parameter, the determination unit 16 determines a deterio-
ration degree in the entirety of the battery string 5, i.e. a
deterioration degree in the entirety of the series-connected
part of the batteries 6. Here, based on one or more deter-
mination items, the determination unit 16 determines the
degree of deterioration of the battery string 5. The data
storage unit 17 stores reference data which serves as a
reference of a relationship of a deterioration degree of the
battery string 5 with respect to one or more determination
items. The determination unit 16 reads the reference data
from the data storage unit 17, and determines the deterio-
ration degree, based on the above-described third internal
state parameter and the reference data. The determination
items in the determination of the deterioration degree of the
battery string 5 include the positive electrode capacitance,
negative electrode capacitance, SOW and internal resistance
of the battery string 5, which are estimated as the third
internal state parameters.

[0059] In addition, by the third internal state parameter
being estimated as described above, a third related parameter
which is related to the third internal state parameter can be
estimated. Examples of the third related parameter include a
battery capacitance, a battery capacity retention ratio, a
positive electrode capacity retention ratio and a negative
electrode capacity retention ratio of the battery string 5. In
the determination of the deterioration degree of the battery
string 5, the determination unit 16 may use, as a determi-
nation item, any one of the third related parameters, instead
of the third internal state parameter, or in addition to the
third internal state parameter.

[0060] In one example, the deterioration degree of the
battery string 5 is determined based on two determination
items, namely the positive electrode capacity retention ratio
and the negative electrode capacity retention ratio of the
battery string 5, which are third related parameters. In this
case, the determination unit 16 determines that the deterio-
ration degree of the battery string 5 is smaller, as the positive
electrode capacity retention ratio is greater, i.e. as the
positive electrode capacity retention ratio is closer to 100%.
In addition, the determination unit 16 determines that the
deterioration degree of the battery string 5 is smaller, as the
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negative electrode capacity retention ratio is greater, i.e. as
the negative electrode capacity retention ratio is closer to
100%.

[0061] Besides, the determination unit 16 may determine
the deterioration variance among the batteries 6 of the
battery string 5, based on the third internal state parameter
in addition to the first internal state parameter and the second
internal state parameter. In this case, the determination unit
16 determines the deterioration variance among the batteries
6 by comparing the third internal state parameter with the
first internal state parameter and the second internal state
parameter. In one example, the determination unit 16 cal-
culates a difference between the first internal state parameter
and the third internal state parameter, and a difference
between the second internal state parameter and the third
internal state parameter. Then, the determination unit 16
determines the deterioration variance among the batteries 6,
based on the difference between the first internal state
parameter and the third internal state parameter, and the
difference between the second internal state parameter and
the third internal state parameter.

[0062] In one example, an absolute value &1 of a differ-
ence of the negative electrode capacitance between the first
internal state parameter and the third internal state param-
eter, and an absolute value €2 of a difference of the negative
electrode capacitance between the second internal state
parameter and the third internal state parameter, are calcu-
lated. Then, based on the absolute values €1 and &2 of the
differences, the determination unit 16 determines the dete-
rioration variance among the batteries 6. In this case, the
determination unit 16 determines, for example, whether or
not either the absolute value &1 of the difference or the
absolute value €2 of the difference is a threshold Eth or
more. If each of the absolute value €1 of the difference and
the absolute value €2 of the difference is less than the
threshold Eth, the determination unit 16 determines that the
deterioration variance among the batteries 6 is small. On the
other hand, if either the absolute value €1 of the difference
or the absolute value €2 of the difference is the threshold Eth
or more, the determination unit 16 determines that the
deterioration variance among the batteries 6 is large.
[0063] Inaddition, when either the absolute value €1 of the
difference or the absolute value 2 of the difference is the
threshold Eth or more, i.e. when the deterioration variance
among the batteries 6 is determined to be large, the deter-
mination unit 16 determines whether the absolute values 1
and €2 are greatly different from each other. Then, if the
absolute values €1 and €2 are greatly different from each
other, the determination unit 16 determines which of the
absolute values €1 and €2 is greater. Then, if the absolute
values €1 and &2 are greatly different from each other, and
the absolute value €2 is greater than the absolute value &1,
the determination unit determines that the deterioration
variance among the batteries 6 is large, and determines that
the safety and performance of the battery string 5 greatly
deteriorate. Thus, in the determination using the absolute
values €1 and &2, the safety or the like of the battery string
5, in addition to the deterioration variance among the
batteries 6, is determined.

[0064] As described above, in the present embodiment, the
determination device 3 determines the deterioration variance
among the batteries 6 in the battery string 5, based on at least
the first voltage data and the second voltage data. In addi-
tion, the determination device 3 determines the deterioration
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degree of the entirety of the battery string 5 (the entirety of
the series-connected part), based on the third voltage data.
Besides, the determination device 3 may be capable of
notifying a user or the like of the battery-mounted device, in
which the storage battery 2 is mounted, of the determination
result by the above-described determination via a user
interface or the like. In this case, the determination result
may be notified by voice, or may be notified by screen
display or the like.

[0065] FIG. 7 is a flowchart illustrating a determination
process in regard to a certain battery string, which is
executed by the determination device according to the
embodiment. The determination process of FIG. 7 is peri-
odically executed at a predetermined timing based on any
one of an operation time of the battery, an operation power
amount, other indices, a specific event, and the like. In one
example, the process of FIG. 7 is repetitively executed at
predetermined intervals. In another example, the process of
FIG. 7 is executed based on the input of an operation
instruction through a user interface by a user or the like of
the battery-mounted device in which the storage battery 2 is
mounted.

[0066] If the process of FIG. 7 is started, the data acqui-
sition unit 13 of the determination device 3 acquires the
above-described first voltage data and second voltage data
(S101). At this time, the data acquisition unit 13 may receive
the first voltage data and second voltage data generated by
the battery management unit 12 or the like, or the data
acquisition unit 13 may generate the first voltage data and
second voltage data. Then, the data acquisition unit 13
acquires the above-described third voltage data (S102).
Subsequently, the internal state estimation unit 15 estimates
the first internal state parameter, based on the first voltage
data, as described above, and estimates the second internal
state parameter, based on the second voltage data, as
described above (S103). Further, the internal state estima-
tion unit 15 estimates the third internal state parameter,
based on the third voltage data, as described above (S104).

[0067] In addition, the determination unit 16 compares the
first internal state parameter and the second internal state
parameter (S105). At this time, the determination unit 16
may compare the above-described first related parameter
and second related parameter, instead of comparing the first
internal state parameter and the second internal state param-
eter, or in addition to comparing the first internal state
parameter and the second internal state parameter. Further,
the determination unit 16 may compare the third internal
state parameter with the first internal state parameter and the
second internal state parameter, as described above (S106).
Then, based on the comparison result or the like between the
first internal state parameter and the second internal state
parameter, the determination unit 16 determines the dete-
rioration variance among the batteries 6 in the battery string
5 (S107). At this time, the deterioration variance among the
batteries 6 in the battery string 5 may be determined based
on the comparison result of the third internal state parameter
with the first internal state parameter and the second internal
state parameter, in addition to the comparison result between
the first internal state parameter and the second internal state
parameter. Further, the determination unit 16 determines the
deterioration degree of the battery string 5 (the deterioration
degree in the entirety of the series-connected part of the
batteries 6), based on at least the third internal state param-
eter (S108).
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[0068] In the present embodiment, the deterioration vari-
ance among the batteries 6 of the battery string 5 is deter-
mined based on the first voltage data indicative of the
maximum voltage Vmax, which is greatest among the
voltages of the batteries 6, in each measurement in a
plurality of measuring periods in the charge or discharge of
the battery string 5, and the second voltage data indicative
of the minimum voltage Vmin, which is least among the
voltages of the batteries 6, in each measurement in the
measuring periods in the charge or discharge of the battery
string 5. Thus, in the determination process of the deterio-
ration variance, there is no need to execute the process or the
like of estimating the internal state in regard to all of the
batteries 6. Accordingly, the deterioration variance among
the batteries 6 is determined without complicating the struc-
ture and process for acquiring data. In addition, in the
present embodiment, since the determination is executed
based on the first voltage data indicative of the variation of
the maximum voltage Vmax in the charge or discharge of the
battery string 5, and the second voltage data indicative of the
variation of the minimum voltage Vmin in the charge or
discharge of the battery string 5, the deterioration variation
among the batteries 6 is appropriately determined.

[0069] In addition, in the present embodiment, the first
internal state parameter is estimated as the internal state of
the elemental battery 6 in the case where the voltage in each
measurement in the plural periods becomes identical to the
maximum voltage Vmax of the first voltage data, and the
second internal state parameter is estimated as the internal
state of the elemental battery 6 in the case where the voltage
in each measurement in the plural periods becomes identical
to the minimum voltage Vmin of the second voltage data. In
addition, for example, by comparing the first internal state
parameter and the second internal state parameter, the dete-
rioration variance among the batteries 6 is determined. By
performing the determination based on the first internal state
parameter and the second internal state parameter, the dete-
rioration variance among the batteries 6 is more appropri-
ately determined.

[0070] Note that, in each of the battery string 5 and the
batteries 6, such elements as temperatures and an arrange-
ment in the battery string 5, in addition to the deterioration
degree, affect the voltage. Accordingly, by performing the
determination based on the comparison or the like between
the first internal state parameter and the second internal state
parameter, the precision of the determination in regard to the
deterioration variance among the batteries 6 is improved,
compared to, for example, the case where the determination
is performed based on only the comparison between the first
voltage data and the second voltage data.

[0071] Furthermore, in the present embodiment, the dete-
rioration degree of the battery string 5 is determined based
on the third voltage data indicative of the voltage of the
battery string 5 (the voltage of the entirety of the series-
connected part of the batteries 6) in each measurement in the
plural periods in the charge or discharge of the battery string
5. Thus, in the present embodiment, while keeping small the
amount of data necessary for the process, i.e. without
complicating the structure and process for acquiring the
data, the deterioration degree of the battery string 5, in
addition to the deterioration variance among the batteries 6,
is determined. In addition, in the present embodiment, the
third internal state parameter indicative of the internal state
of' the battery string 5 is estimated based on the third voltage
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data, and the deterioration degree of the battery string 5 is
estimated based on the third internal state parameter. There-
fore, the deterioration degree of the battery string 5 is also
appropriately determined.

[0072] Note that, in the above-described embodiment and
the like, the determination device 3 is a computer (server)
other than the battery management unit 12, or a server in a
cloud environment, but the determination device 3 is not
limited to this. In one embodiment, each of the battery
management units 12 may perform the determination in
regard to the corresponding battery string 5. In this case,
each of the battery management units 12 executes the same
process as the determination device 3 of the above-described
embodiment, thereby determining the deterioration variance
among the batteries 6 in the corresponding battery string 5,
and the deterioration degree of the corresponding battery
string 5.

[0073] In at least one of the above-described embodiments
or examples, a deterioration variance among a plurality of
batteries, which are connected in series, is determined based
on first voltage data indicative of a maximum voltage which
is greatest among voltages of the batteries in each of
measurements in a plurality of periods in charge or discharge
of the batteries, and second voltage data indicative of a
minimum voltage which is least among the voltages of the
batteries in each of the measurements in the periods.
Thereby, there can be provided a determination device, an
electricity storage system, a determination method and a
determination program which can properly determine the
deterioration variance among the series-connected batteries
without complicating the structure and process for acquiring
data.

[0074] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel embodiments described herein may
be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope
and spirit of the inventions.

What is claimed is:

1. A determination device relating to a plurality of bat-

teries which are connected in series, comprising:

a processor configured to determine a deterioration vari-
ance among the batteries, based on first voltage data
indicative of a maximum voltage which is greatest
among voltages of the batteries in each of measure-
ments in a plurality of periods in charge or discharge of
the batteries, and second voltage data indicative of a
minimum voltage which is least among the voltages of
the batteries in each of the measurements in the periods,

wherein the processor is configured to:

estimate a first internal state parameter as an internal state
of the battery as an elemental battery, the first internal
state parameter being based on a variation of the
maximum voltage in the first voltage data;

estimate a second internal state parameter as an internal
state of the battery as the elemental battery, the second
internal state parameter being based on a variation of
the minimum voltage in the second voltage data;
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determine the deterioration variance among the batteries,
based on at least the first internal state parameter and
the second internal state parameter;
estimate a third internal state parameter indicative of an
internal state in an entirety of a series-connected part of
the batteries, based on at least third voltage data indica-
tive of a voltage of the series-connected part of the
batteries in each of the measurements in the periods in
the charge or the discharge of the batteries; and

determine the deterioration variance among the batteries
by comparing the third internal state parameter with the
first internal state parameter and the second internal
state parameter.

2. The determination device of claim 1, wherein the
processor is configured to determine the deterioration vari-
ance among the batteries by comparing the first internal state
parameter and the second internal state parameter.

3. The determination device of claim 2, wherein the
processor is configured to determine that the deterioration
variance among the batteries is greater as a difference
between the first internal state parameter and the second
internal state parameter becomes greater.

4. The determination device of claim 1, wherein the
processor is configured to determine a deterioration degree
in an entirety of a series-connected part of the batteries,
based on third voltage data indicative of a voltage of the
series-connected part of the batteries in each of the mea-
surements in the periods in the charge or the discharge of the
batteries.

5. The determination device of claim 4, wherein the
processor is configured to: determine the deterioration
degree in the entirety of the series-connected part of the
batteries, based on at least the third internal state parameter.

6. An electricity storage system comprising:

the determination device of claim 1; and

the plurality of batteries connected in series,

wherein the processor of the determination device being

configured to determine the deterioration variance
among the batteries.

7. The electricity storage system of claim 6, further
comprising a measuring circuit configured to periodically
measure the voltage of each of the batteries in each of the
measurements in the periods in the charge or the discharge
of the batteries,

wherein the first voltage data and the second voltage data

are generated based on at least a measurement result of
the voltage of each of the batteries in the measuring
circuit.

8. The electricity storage system of claim 6, wherein

each of the batteries includes a plurality of unit cells, and

the unit cells are connected in parallel in each of the
batteries.

9. A determination method relating to a plurality of
batteries which are connected in series, comprising:

determining a deterioration variance among the batteries,

based on first voltage data indicative of a maximum
voltage which is greatest among voltages of the bat-
teries in each of measurements in a plurality of periods
in charge or discharge of the batteries, and second
voltage data indicative of a minimum voltage which is
least among the voltages of the batteries in each of the
measurements in the periods,

wherein the determining the deterioration variance com-

prising:
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estimating a first internal state parameter as an internal
state of the battery as an elemental battery, the first
internal state parameter being based on a variation of
the maximum voltage in the first voltage data;

estimating a second internal state parameter as an
internal state of the battery as the elemental battery,
the second internal state parameter being based on a
variation of the minimum voltage in the second
voltage data;

determining the deterioration variance among the bat-
teries, based on at least the first internal state param-
eter and the second internal state parameter;

estimating a third internal state parameter indicative of
an internal state in an entirety of a series-connected
part of the batteries, based on at least third voltage
data indicative of a voltage of the series-connected
part of the batteries in each of the measurements in
the periods in the charge or the discharge of the
batteries; and

determining the deterioration variance among the bat-
teries by comparing the third internal state parameter
with the first internal state parameter and the second
internal state parameter.

10. A non-transitory storage medium storing a determi-
nation program relating to a plurality of batteries which are
connected in series, the determination program causing a
computer to implement:

determining a deterioration variance among the batteries,

based on first voltage data indicative of a maximum
voltage which is greatest among voltages of the bat-
teries in each of measurements in a plurality of periods
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in charge or discharge of the batteries, and second

voltage data indicative of a minimum voltage which is

least among the voltages of the batteries in each of the

measurements in the periods,

wherein the determining the deterioration variance com-

prising:

estimating a first internal state parameter as an internal
state of the battery as an elemental battery, the first
internal state parameter being based on a variation of
the maximum voltage in the first voltage data;

estimating a second internal state parameter as an
internal state of the battery as the elemental battery,
the second internal state parameter being based on a
variation of the minimum voltage in the second
voltage data;

determining the deterioration variance among the bat-
teries, based on at least the first internal state param-
eter and the second internal state parameter;

estimating a third internal state parameter indicative of
an internal state in an entirety of a series-connected
part of the batteries, based on at least third voltage
data indicative of a voltage of the series-connected
part of the batteries in each of the measurements in
the periods in the charge or the discharge of the
batteries; and

determining the deterioration variance among the bat-
teries by comparing the third internal state parameter
with the first internal state parameter and the second
internal state parameter.
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