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DESCRIPTION

Description

Technical Field

[0001] The present invention relates to a system for outputting the state of a secondary battery
such as a lithium ion battery.

Background Art

[0002] Conventionally, there has been proposed a system for outputting the state of a
secondary battery such as a lithium ion battery (see Patent Literature 1).

Citation List

Patent Literature

[0003] Patent Literature 1: Japanese Patent Application Laid-Open No. 2019-045180

[0004] US 2017/350946 A1, US 2016/116547 A1 and WO 2019/131824 A1 disclose systems to
output the deterioration state of secondary batteries

Summary of Invention

Technical Problem

[0005] However, according to the prior art, the deterioration state of the secondary battery is
analyzed by a single method. Therefore, since it is inefficient and takes time to do a detailed
analysis every time, it may not be able to let a user know the deterioration state of the
secondary battery in a timely manner.

[0006] On the other hand, when a simplified analysis is performed to let the user know the
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deterioration state in a timely manner, it cannot meet the needs of the user who wants to know
the detailed analysis results of the deterioration state of the secondary battery.

[0007] Therefore, it is an object of the present invention to provide a secondary battery state
output system capable of outputting the deterioration state of a secondary battery including a
content satisfactory to a user in a timely manner.

Solution to Problem

[0008] A state output system of a first invention is a state output system in a system for
outputting a deterioration state of a secondary battery mounted on a user device used by a
user, including:

a storage unit which stores information;

a deterioration state recognition unit which quantifies a deterioration state of the secondary
battery based on information indicative of voltage, current, and temperature of the secondary
battery, recognizes the quantified value as a value of the deterioration state of the secondary
battery, stores the value of the deterioration state in the storage unit in chronological order,
and stores use state information, including position information of the user device and
indicative of how the secondary battery was used in the past or until now, in the storage unit in
chronological order;

a tendency acquisition unit which acquires a tendency of the deterioration state of the
secondary battery based on values of deterioration states of the secondary battery at a
plurality of past time points stored in the storage unit;

a deviation determination unit which determines whether or not a most recent deterioration
state is deviating from the tendency based on the tendency of the deterioration state of the
secondary battery acquired by the tendency acquisition unit and a value of the most recent
deterioration state of the secondary battery recognized by the deterioration state recognition
unit;

a detailed deterioration state determination unit which, when the deviation determination unit
determines that the most recent deterioration state is deviating from the tendency, acquires,
from the use state information, geographical characteristic information as information indicative
of geographical characteristics that affect the deterioration state of the secondary battery
based on past and/or current position information of the user device to determine, based on
the position information and the geographical characteristic information, information on a
detailed deterioration state including information on geographical characteristics that affected
the deterioration state of the secondary battery and/or information on a response according to
the geographical characteristics to be recommended to avoid becoming a deterioration state
deviating from the tendency; and

an output unit which outputs the value of the most recent deterioration state recognized by the
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deterioration state recognition unit and the information on the detailed deterioration state
determined by the detailed deterioration state determination unit.

[0009] A state output system of a second invention is a state output system in a system for
outputting a deterioration state of a secondary battery mounted on a user device used by a
user, including:

a storage unit which stores information;

a deterioration state recognition unit which quantifies a deterioration state of the secondary
battery based on information indicative of voltage, current, and temperature of the secondary
battery, recognizes the quantified value as a value of the deterioration state of the secondary
battery, and stores the value of the deterioration state in the storage unit in chronological
order;

a tendency acquisition unit which acquires a tendency of the deterioration state of the
secondary battery based on values of deterioration states of the secondary battery at a
plurality of past time points stored in the storage unit;

a deviation determination unit which determines whether or not a most recent deterioration
state is deviating from the tendency based on the tendency of the deterioration state of the
secondary battery acquired by the tendency acquisition unit and a value of the most recent
deterioration state of the secondary battery recognized by the deterioration state recognition
unit;

an event estimation unit which refers to stored information in which any one of pieces of
information indicative of the voltage, current, and the temperature of the secondary battery or
a combination thereof is associated with an event occurring in the secondary battery to
estimate the event occurring in the secondary battery based on any one of pieces of the
information indicative of the voltage, current, and the temperature of the secondary battery or
the combination thereof;

a detailed deterioration state determination unit which, when the deviation determination unit
determines that the most recent deterioration state is deviating from the tendency, determines
information on a detailed deterioration state including information indicative of the event
occurring in the secondary battery estimated by the event estimation unit based on any one of
pieces of the information indicative of the voltage, current, and the temperature of the
secondary battery or the combination thereof; and

an output unit which outputs the value of the most recent deterioration state recognized by the
deterioration state recognition unit and the information on the detailed deterioration state
determined by the detailed deterioration state determination unit.
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[0010] A state output system of a third invention is a state output system in a system for
outputting a deterioration state of a secondary battery mounted on a user device used by a
user, including:

a storage unit which stores information;

a deterioration state recognition unit which quantifies a deterioration state of the secondary
battery based on information indicative of voltage, current, and temperature of the secondary
battery, recognizes the quantified value as a value of the deterioration state of the secondary
battery, and stores the value of the deterioration state in the storage unit in chronological
order;

a tendency acquisition unit which acquires a tendency of the deterioration state of the
secondary battery based on values of deterioration states of the secondary battery at a
plurality of past time points stored in the storage unit;

a deviation determination unit which determines whether or not a most recent deterioration
state is deviating from the tendency based on the tendency of the deterioration state of the
secondary battery acquired by the tendency acquisition unit and a value of the most recent
deterioration state of the secondary battery recognized by the deterioration state recognition
unit;

an event estimation unit which estimates an event occurring in the secondary battery from the
value of the most recent deterioration state of the secondary battery and use state information
using a predictive model with the value of the deterioration state and the use state information
of the secondary battery as input and the event occurring in the secondary battery as output,
where the predictive model is obtained by machine learning a correlation between information
indicative of values of past deterioration states and use states of the secondary battery and
events that occurred in the secondary battery in the past using, as training data, the
information indicative of the past deterioration states and use states of the secondary battery
mounted on the user device and/or other user devices and information indicative of the events
that occurred in the secondary battery in the past;

a detailed deterioration state determination unit which, when the deviation determination unit
determines that the most recent deterioration state is deviating from the tendency, determines
information on a detailed deterioration state including information indicative of the event
occurring in the secondary battery estimated by the event estimation unit based on the value of
the most recent deterioration state and the use state information of the secondary battery; and

an output unit which outputs the value of the most recent deterioration state recognized by the
deterioration state recognition unit and the information on the detailed deterioration state
determined by the detailed deterioration state determination unit.

[0011] In the state output system of the present invention, it is determined by the deviation
determination unit whether or not the most recent deterioration state is deviating from the
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tendency based on the tendency of the deterioration state of the secondary battery and the
value of the most recent deterioration state of the secondary battery.

[0012] Further, when it is determined by the deviation determination unit that the most recent
deterioration state is deviating from the tendency, the information on the detailed deterioration
state including detailed information is determined by the detailed deterioration state
determination unit.

[0013] Specifically, it is considered, for example, that temperature varies greatly depending on
the region. Further, for example, when the user device is a motor vehicle, the impact of
regional characteristics on the deterioration state of the secondary battery, such as that it is a
region with many slopes or that there is a need in the region to change the stepping foot
frequently between the accelerator pedal and the brake pedal because the road is narrow, is
not ignored.

[0014] According to the state output system of the first invention, the information on the
detailed deterioration state including the information on the geographical characteristics that
affected the deterioration state of the secondary battery and/or the information on the
response according to the geographical characteristics to be recommended to avoid becoming
a deterioration state deviating from the tendency is determined by the detailed deterioration
state determination unit.

[0015] Thus, since a content of the detailed deterioration state is determined in consideration
of the regional characteristics, the user can get information of the deterioration state in line with
an actual situation.

[0016] Further, in the state output system of the second invention, the stored information in
which any one of pieces of information indicative of the voltage, current, and the temperature
of the secondary battery or the combination thereof is associated with the event occurring in
the secondary battery is referred to and the event occurring in the secondary battery is
estimated by the event estimation unit based on any one of pieces of the information indicative
of the voltage, current, and the temperature of the secondary battery or the combination
thereof, and the information on the detailed deterioration state including the information
indicative of the event is determined.

[0017] Alternatively, in the state output system of the third invention, the event occurring in the
secondary battery is estimated by the event estimation unit from the value of the most recent
deterioration state of the secondary battery and the use state information using the predictive
model with the value of the deterioration state and the use state information of the secondary
battery as input and the event occurring in the secondary battery as output, and the
information on the detailed deterioration state including the information indicative of the event
is determined.

[0018] Thus, since the user can know the event occurring in the secondary battery together, a
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user's sense of security when using the secondary battery increases.

[0019] Then, the value of the most recent deterioration state and the information on the
detailed deterioration state are output by the output unit.

[0020] Thus, since usual deterioration state information is output while the deterioration state
is not deviating from the tendency of the deterioration state, and more detailed information is
output when the deterioration state is determined to be deviating from the tendency of the
deterioration state, the information to be output to the user can be determined efficiently.

[0021] Further, the user can get detailed information when an abnormality in the secondary
battery is suspected.

[0022] Thus, according to the state output system of the present invention, the deterioration
state of the secondary battery including a content satisfactory to the user can be output in a
timely manner.

[0023] It is preferred that the state output system of the present invention should be such that,

the tendency acquisition unit acquires the tendency of the deterioration state of the secondary
battery based on a moving average value of values of deterioration states for a predetermined
period among values of past deterioration states of the secondary battery stored in the storage
unit, and

when a difference between the moving average value of the values of deterioration states of
the secondary battery for the predetermined period and the value of the most recent
deterioration state is a predetermined threshold value or more, the deviation determination unit
determines that the most recent deterioration state of the secondary battery is deviating from
the tendency.

[0024] In the state output system of the present invention, the tendency of the deterioration
state of the secondary battery is acquired by the tendency acquisition unit based on the
moving average value of the values of deterioration states for the predetermined period among
the values of the past deterioration states of the secondary battery.

[0025] Then, when the difference between the moving average value of the values of the
deterioration states of the secondary battery for the predetermined period and the value of the
most recent deterioration state is the predetermined threshold value or more, the most recent
deterioration state is determined by the deviation determining unit to be deviating from the
tendency.

[0026] Thus, the user can get reliable information on the deterioration state based on objective
information as to whether or not the value of the most recent deterioration state is deviating
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from the moving average of the values of the deterioration states for the predetermined period.

[0027] Thus, according to the state output system of the present invention, the deterioration
state of the secondary battery with a content satisfactory to the user and reliable can be output
in a timely manner.

[0028] Further, it is preferred that the state output system of the present invention should be
such that,

the deterioration state recognition unit acquires information indicative of an internal resistance
or charging capacity value in an initial state of the secondary battery, and information indicative
of a most recent internal resistance or charging capacity value of the secondary battery based
on information indicative of most recent voltage, current, and temperature of the secondary
battery to recognize a value of an internal resistance increase degree or capacity remaining
degree of the secondary battery determined based on the information as a value of the
deterioration state of the secondary battery.

[0029] In the state output system of the present invention, the information indicative of the
internal resistance or charging capacity value in the initial state of the secondary battery, and
the information indicative of the most recent internal resistance or charging capacity value of
the secondary battery are acquired by the deterioration state recognition unit, and the value of
the internal resistance increase degree or capacity remaining degree of the secondary battery
determined based on the information is recognized as the value of the deterioration state of
the secondary battery.

[0030] Thus, the user can get reliable information on the deterioration state based on objective
information such as the deterioration state from the viewpoint of the initial state of the
secondary battery.

[0031] Thus, according to state output system of the present invention, the deterioration state
of the secondary battery with a content satisfactory to the user and reliable can be output in a
timely manner.

[0032] It is preferred that the state output system of the present invention should further
include,

a remaining life estimation unit which estimates remaining life as a period until the secondary
battery becomes a predetermined deterioration state, wherein

the remaining life estimation unit is configured to predict a future internal resistance or
remaining capacity value of the secondary battery from the tendency of the deterioration state
of the secondary battery, and to estimate, as the remaining life of the secondary battery, a
period until the predicted future internal resistance or charging capacity value of the secondary
battery reaches a predefined upper limit of the internal resistance value or lower limit of the
charging capacity value of the secondary battery, and
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the output unit is configured to output information indicative of the remaining life.

[0033] In the state output system of the present invention, the future internal resistance or
remaining capacity value of the secondary battery is predicted by the remaining life estimation
unit from the tendency of the deterioration state of the secondary battery.

[0034] Then, the period until the predicted future internal resistance or charging capacity value
of the secondary battery reaches the predefined upper limit of the internal resistance value or
lower limit of the charging capacity value of the secondary battery is estimated by the
remaining life estimation unit as the remaining life of the secondary battery, and the information
indicative of the remaining life is output by the output unit.

[0035] Thus, since specific information as to the remaining life of the secondary battery is
output, the deterioration degree can be informed to the user in an intuitive manner.

[0036] Further, since the remaining life of the secondary battery can be output based on
specific information as to an increase in internal resistance or a decrease in charging capacity,
user satisfaction with the remaining life increases.

[0037] Thus, according to the state output system of the present invention, the deterioration
state of the secondary battery with a content satisfactory to the user who can get a sense of
satisfaction can be output in a timely manner.

[0038] Further, it is preferred that the state output system of the present invention should
further include:

a risk level recognition unit which refers to information in which the event occurring in the
secondary battery and a risk level of the event are recorded in association with each other to
recognize the risk level of the event estimated by the event estimation unit,

wherein the detailed deterioration state determination unit determines the information on the
detailed deterioration state based on a content of the event estimated by the event estimation
unit and the risk level.

[0039] In the state output system of the present invention, the risk level of the event estimated
by the event estimation unit is recognized by the risk level recognition unit.

[0040] Then, the information on the detailed deterioration state is determined by the detailed
deterioration state determination unit based on the content of the estimated event and the risk
level.
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[0041] Thus, since the user can know the event occurring in the secondary battery and
whether or not the secondary battery is in a dangerous condition, a sense of security of the
user using the secondary battery increases.

[0042] Thus, according to the state output system of the present invention, the deterioration
state of the secondary battery with a content satisfactory to the user can be output in a timely
manner while increasing the sense of security of the user.

[0043] Further, it is preferred that the state output system of the present invention should
further include

a maintenance engineer device used by a maintenance engineer who performs maintenance
of the secondary battery,

wherein when the risk level recognized by the risk level recognition unit meets a predetermined
condition, the maintenance engineer device outputs information indicative of the risk level and
the content of the event estimated by the event estimation unit.

[0044] In the state output system of the present invention, when the risk level recognized by
the risk level recognition unit meets the predetermined condition, the information indicative of
the risk level and the content of the event estimated by the event estimation unit are output by
the maintenance engineer device used by the maintenance engineer who performs the
maintenance of the secondary battery.

[0045] Thus, since the maintenance engineer can quickly know that the secondary battery is in
a dangerous state, and hence can perform necessary maintenance at the right time, the sense
of security of the user using the secondary battery increases.

[0046] Thus, according to the state output system of the present invention, the deterioration
state of the secondary battery with a content satisfactory to the user can be output in a timely
manner while increasing the sense of security of the user.

Brief Description of Drawings

[0047]

FIG. 1 is a block diagram illustrating an overview of a state output system of the present
invention.

FIG. 2Ais a chart illustrating a data content used in processing by the state output system of
the present invention.

FIG. 2B is a chart illustrating the data content used in processing by the state output system of
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the present invention.

FIG. 2C is a chart illustrating the data content used in processing by the state output system of
the present invention.

FIG. 3Ais a flowchart illustrating a processing content of the state output system of the present
invention.

FIG. 3B is a flowchart illustrating the processing content of the state output system of the
present invention.

FIG. 4 is a chart illustrating the processing content of the state output system of the present
invention.

FIG. 5 is a chart illustrating the processing content of the state output system of the present
invention.

FIG. 6 is a chart illustrating the processing content of the state output system of the present
invention.

FIG. 7 is a chart illustrating the processing content of the state output system of the present
invention.

FIG. 8 is a diagram illustrating an output content of the state output system of the present
invention.

FIG. 9 is a diagram illustrating the output content of the state output system of the present
invention.

Description of Embodiment

[0048] A state output system of an embodiment will be described with reference to the
accompanying drawings. Note that the same component is given the same reference numeral
so that redundant description may be omitted.

[0049] The state output system of the embodiment includes, for example, one or more user
devices 10 and a server 30, or further includes a maintenance engineer device 50.

[0050] The user device 10 and the server 30, and the maintenance engineer device 50 and
the server 30 are communicably connected to each other by a communication network 90.

[0051] The user device 10 includes a user device control unit 110, a user device storage unit
130, a user device output unit 150, and a secondary battery 170. The user device 10 is, for
example, a system using a secondary battery as a whole, such as a motor vehicle like an
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electric motor vehicle or a hybrid motor vehicle, any other moving body, or a stationary power
supply system. Although only one user device 10 is illustrated in FIG. 1, the number of user
devices 10 operating at the same time may be plural or may be one.

[0052] The user device control unit 110 is composed of an arithmetic processing unit such as a
CPU (Central Processing Unit), a memory, an I/O (Input/Output) device, and the like. The user
device control unit 110 reads and executes a predetermined program to function, for example,
as a deterioration state recognition unit 111, a tendency acquisition unit 113, a deviation
determination unit 115, a remaining life estimation unit 117, and a use state acquisition unit
119.

[0053] The deterioration state recognition unit 111 recognizes the deterioration state of the
secondary battery 170 at any time or in a predetermined cycle. Further, the deterioration state
recognition unit 111 transmits, to the server 30, the deterioration state of the secondary battery
170 on a regular basis or at any timing to store the deterioration state in a use state
information DB 331.

[0054] The tendency acquisition unit 113 acquires a tendency of the deterioration state of the
secondary battery 170.

[0055] Based on the tendency of the deterioration state of the secondary battery 170 acquired
by the tendency acquisition unit 113, and the most recent deterioration state of the secondary
battery 170 recognized by the deterioration state recognition unit 111, the deviation
determination unit 115 determines whether or not the most recent deterioration state is
deviating from the tendency.

[0056] The remaining life estimation unit 117 estimates a remaining life as a period until the
secondary battery 170 becomes a predetermined deterioration state.

[0057] The use state acquisition unit 119 recognizes a use state of the user device 10 at any
time or in a predetermined cycle. When the user device 10 is a moving body such as a motor
vehicle, for example, the use state includes a condition of stepping on brake pedal/accelerator
pedal, what gear it is in, speed, orientation in XYZ directions, location, altitude, whether or not
an air conditioner is operating, set temperature, and the like, while when the user device 10 is
a stationary power supply system, for example, the user state includes environmental
temperature and humidity, weather information, location, vibration, and the like. These pieces
of information are acquired by using known sensors and the like. Further, the use state
acquisition unit 119 transmits the use state of the secondary battery 170 to the server 30 on a
regular basis or at any timing to store the information in the use state information DB 331.

[0058] The user device storage unit 130 is composed, for example, of a ROM (Read Only
Memory), a RAM (Random Access Memory), and a storage device such as an HDD (Hard Disk
Drive). The user device storage unit 130 stores, for example, a user information DB 131
including information for identifying a user Us of the user device 10, a deterioration information
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DB 133 including information indicative of the deterioration state of the user device 10
recognized by the deterioration state recognition unit 111, and a tendency information DB 135
including information indicative of the tendency of the deterioration state of the secondary
battery 170 acquired by the tendency acquisition unit 113.

[0059] In the deterioration information DB 133, for example, as illustrated in FIG. 2A, items of
recognition date and time 1331 as the date and time at which each deterioration state was
recognized, deterioration evaluation value 1333 as information indicative of the deterioration
state, current value 1335 of the secondary battery 170 as the basis of the deterioration
evaluation value, voltage value 1337, temperature 1339, and position information 1341
indicative of a position at which the deterioration state was recognized are stored. The
frequency of storing data is, for example, several times a day, once every few minutes, or the
like, and a deterioration state recognized at any timing may be stored.

[0060] The user device output unit 150 is, for example, a display for outputting the most recent
deterioration state of the secondary battery 170 recognized by the deterioration state
recognition unit 111, and a detailed deterioration state determined by a detailed deterioration
state determination unit 311. The user device output unit 150 functions as an output unit in the
embodiment.

[0061] The secondary battery 170 is, for example, a lithium ion battery, but it may also be any
other battery capable of being used iteratively as a power supply by repeating charging and
discharging, such as a nickel-cadmium battery, a lead battery, or a fuel cell.

[0062] The server 30 is, for example, a computer including a server control unit 310 and a
server storage unit 330.

[0063] The server control unit 310 is composed of an arithmetic processing unit such as a
CPU, a memory, an I/O device, and the like. The server control unit 310 reads and executes a
predetermined program to function, for example, as the detailed deterioration state
determination unit 311, or in addition thereto, further as an event estimation unit 313 and a risk
level recognition unit 315.

[0064] When the deviation determination unit 115 determines that the most recent
deterioration state of the secondary battery 170 is deviating from the tendency, the detailed
deterioration state determination unit 311 acquires, from the server storage unit 330, use state
information as information indicating how the secondary battery was used by the most recent
time point, and based on the most recent deterioration state and the use state information,
determines a detailed deterioration state including information indicative of a deterioration state
of the secondary battery 170 more detailed than the most recent deterioration state.

[0065] Based on the most recent deterioration state and the use state information of the
secondary battery 170, the event estimation unit 313 estimates an event occurring in the
secondary battery 170.
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[0066] The risk level recognition unit 315 recognizes a risk level of the event occurring in the
secondary battery 170 estimated by the event estimation unit 313.

[0067] The server storage unit 330 is composed, for example, of a ROM, a RAM, and a
storage device such as an HDD. The server storage unit 330 stores the use state information
DB 331 including use state information as information indicating how the secondary battery
170 was used by the most recent time point, or in addition thereto, further stores a
geographical characteristic information DB 333 including geographical characteristic
information as information indicative of geographical characteristics that affect the deterioration
state of the secondary battery 170, an initial state information DB 335 including information
indicative of an internal resistance or charging capacity value in the initial state of the
secondary battery 170, a predictive model DB 337 in which a predictive model used by the
event estimation unit 313 to estimate an event, and an event DB 339 in which information
related to each event that can occur in the secondary battery is stored.

[0068] In the geographical characteristic information DB 333, for example, as illustrated in FIG.
2B, target position information 3331 indicative of a range of position information as a target of
the geographical characteristics, and geographical characteristics 3333 in the range are
stored.

[0069] In the event DB 339, for example, as illustrated in FIG. 2C, an event ID 3391 for
identifying each event, an event content 3393 indicative of the content of the event, and a risk
level 3395 of the event are stored.

[0070] The maintenance engineer device 50 is a device, such as a computer, a tablet terminal,
or a smartphone, used by a maintenance engineer who performs the maintenance of the
secondary battery.

[0071] When a risk level recognized by the risk level recognition unit 315 meets a
predetermined condition, the maintenance engineer device 50 outputs information indicative of
the risk level and the content of an event estimated by the event estimation unit 313.

[0072] Referring next to FIG. 3A and FIG. 3B, a processing content of the state output system
of the embodiment will be described.

<Outline of Processing>

[0073] A series of processing by the state output system of the embodiment is executed
repeatedly at a predetermined frequency. When the processing is started, the deterioration
state recognition unit 111 of the user device 10 first recognizes the deterioration state of the
secondary battery 170 (FIG. 3A/S10). The deterioration state recognition unit 111 stores the
recognized deterioration state in the deterioration information DB 133 in chronological order.
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[0074] For example, the deterioration state recognition unit 111 acquires, from the secondary
battery 170, information indicative of the voltage, current, and temperature of the secondary
battery 170 to recognize the deterioration state of the secondary battery 170 based on the
acquired information.

[0075] More specifically, for example, the deterioration state recognition unit 111 acquires,
from the user device storage unit 130, information indicative of an internal resistance or
charging capacity value in the initial state of the secondary battery 170, and performs a
predetermined operation based on the information indicative of the voltage, current, and
temperature of the secondary battery 170 acquired from the secondary battery 170 to acquire
information indicative of a most recent internal resistance or charging capacity value of the
secondary battery 170. Then, for example, the deterioration state recognition unit 111
calculates a ratio between the internal resistance or charging capacity in the initial state of the
secondary battery 170 and the most recent internal resistance or charging capacity to
determine the internal resistance increase rate or capacity remaining rate of the secondary
battery 170 in order to recognize the deterioration state of the secondary battery 170 based on
the determined internal resistance increase rate or capacity remaining rate.

[0076] Then, the tendency acquisition unit 113 acquires a tendency of the deterioration state of
the secondary battery 170 (FIG. 3A/S30). The tendency acquisition unit 113 acquires the
tendency of the deterioration state of the secondary battery 170 based, for example, on a
moving average value of deterioration states of the secondary battery 170 for a predetermined
period, where each deterioration state of the secondary battery 170 is calculated by using a
deterioration evaluation value obtained by quantifying the deterioration state of the secondary
battery 170. The tendency acquisition unit 113 stores the acquired tendency of the
deterioration state in the tendency information DB 135 in chronological order.

[0077] More specifically, for example, the tendency acquisition unit 113 calculates the moving
average value of deterioration states of the secondary battery 170 for the predetermined
period by using, as the deterioration evaluation value, the internal resistance increase degree
or the capacity remaining degree of the secondary battery 170 determined by the deterioration
state recognition unit 111 in S10. The predetermined period is, for example, one month, half a
year, or the like, but it may be any period shorter or longer than the predetermined period, or
the period may be changed at any time according to the values of the information indicative of
the voltage, current, and temperature of the secondary battery 170 and the deterioration
evaluation value.

[0078] FIG. 4 illustrates an example when the tendency of the deterioration state of the
secondary battery 170 is acquired based on a moving average value of internal resistance
increase degrees. In FIG. 4, N deterioration states OVal as deterioration states during the
predetermined period are extracted from past M deterioration states RVal recorded in the
deterioration information DB 133, and a moving average value of the extracted N deterioration
states OVal becomes a latest moving average value LAve of the N deterioration states.
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[0079] Further, a line TLin of connecting moving average values at respective past time points
calculated in the same way represents a tendency of the deterioration state of the secondary
battery 170. Note that a value indicating the deterioration state at each time point is a value of
the internal resistance at each time point when a value IVal of the internal resistance in the
initial state of the secondary battery 170 is set to 100% (that is to say, 130% if the value of the
internal resistance has increased by 30%).

[0080] FIG. 5 illustrates an example when the tendency of the deterioration state of the
secondary battery 170 is acquired based on a moving average value of capacity remaining
degrees. In FIG. 5, N deterioration states OVal2 as deterioration states during the
predetermined period are extracted from past M deterioration states RVal2 recorded in the
deterioration information DB 133, and a moving average value of the extracted N deterioration
states OVal2 becomes a latest moving average value LAve2 of the N deterioration states.

[0081] Further, a line TLin2 of connecting moving average values at respective past time
points calculated in the same way represents a tendency of the deterioration state of the
secondary battery 170. Note that a value indicating the deterioration state at each time point is
a value of the remaining capacity at each time point when a value IVal2 of the charging
capacity in the initial state of the secondary battery 170 is set to 100% (that is to say, 70% if the
value of the charging capacity has decreased by 30%).

[0082] Next, the deviation determination unit 115 determines whether or not a most recent
deterioration state is deviating from the tendency of the deterioration state of the secondary
battery 170 (FIG. 3A/S50).

[0083] For example, the deviation determination unit 115 determines that the most recent
deterioration state is deviating from the tendency when a difference Dev between a most
recent moving average value LAve of deterioration states of the secondary battery 170 and the
most recent deterioration evaluation value LVal is a predetermined threshold value or more.
For example, in FIG. 4, a dashed line ULin above the latest moving average value LAve of
deterioration states of the secondary battery 170 represents an upper threshold value of the
difference Dev and a dashed line LLin below thereof represents a lower threshold value,
respectively.

[0084] In other words, the distance from the line TLin of connecting the moving average values
to the dashed line ULin above and the distance therefrom to the dashed line LLin below
become allowable deviations ADev in up and down directions, respectively.

[0085] In FIG. 4, since the most recent deterioration evaluation value LVal is a value exceeding
the upper dashed line ULin, the deviation determination unit 115 determines that the most
recent deterioration state is deviating from the tendency of the deterioration state of the
secondary battery 170. On the other hand, the deviation determination unit 115 determines
that the most recent deterioration state is not deviating from the tendency of the deterioration
state of the secondary battery 170 when the most recent deterioration evaluation value LVal is
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a value on the upper dashed line ULin or less and on the lower dashed line LLin or more.

[0086] When the determination is negative (FIG. 3A/S50: No), the deterioration state of the
secondary battery 170 is not deviating from the tendency. In this case, for example, the
remaining life estimation unit 117 estimates the remaining life as a period until the secondary
battery 170 becomes a predetermined deterioration state (FIG. 3B/S90).

[0087] More specifically, the remaining life estimation unit 117 acquires a tendency of the
deterioration state of the secondary battery 170 from the tendency information DB 135 to
predict a value of future internal resistance or remaining capacity of the secondary battery 170
from the acquired tendency of the deterioration state of the secondary battery 170. Then, the
remaining life estimation unit 117 calculates a period until the predicted future internal
resistance or charging capacity value of the secondary battery 170 reaches a predefined upper
limit of the internal resistance value or lower limit of the charging capacity value of the
secondary battery 170 to estimate the calculated period as the remaining life of the secondary
battery.

[0088] FIG. 6 illustrates an example when the remaining life estimation unit 117 predicts a
value of future internal resistance of the secondary battery 170 from the tendency of the
internal resistance increase degree of the secondary battery 170. In FIG. 6, for example, the
remaining life estimation unit 117 determines an approximate curve of the line TLin that
represents the tendency of the deterioration state of the secondary battery 170 to derive a line
FLin that represents the future internal resistance of the secondary battery 170.

[0089] Then, the remaining life estimation unit 117 determines time point t2 corresponding to
an intersection P between the dashed line MVal indicative of the predefined upper limit of the
internal resistance value (in the present example, the value of the internal resistance is 130%),
and the line FLin to estimate that a length Len of a period between the time point t2 and time
point t1, at which the most recent deterioration evaluation value LVal was acquired, is the
remaining life of the secondary battery 170.

[0090] FIG. 7 illustrates an example when the remaining life estimation unit 117 predicts a
value of future internal resistance of the secondary battery 170 from the tendency of the
internal resistance increase degree of the secondary battery 170. In FIG. 7, for example, the
remaining life estimation unit 117 determines an approximate curve of the line TLin2 that
represents the tendency of the deterioration state of the secondary battery 170 to derive a line
FLin2 that represents a change in future charging capacity of the secondary battery 170.

[0091] Then, the remaining life estimation unit 117 determines time point t4 corresponding to
an intersection P2 between a dot-dashed line MVal2 indicative of a predefined lower limit of the
charging capacity value (in the present example, the charging capacity value is 70%), and the
line FLin2 to estimate that a length Len2 of a period between the time point t4 and time point
t3, at which a most recent deterioration evaluation value LVal2 was acquired, is the remaining
life of the secondary battery 170.
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[0092] Then, the user device output unit 150 outputs the most recent deterioration state of the
secondary battery 170 recognized by the deterioration state recognition unit 111 and the
remaining life estimated by the remaining life estimation unit 117 (FIG. 3B/S110), and the
series of processing is ended.

[0093] On the other hand, when the above determination is affirmative (FIG. 3A/S50: Yes),
since the deterioration state of the secondary battery 170 is deviating from the tendency, the
deviation determination unit 115 transmits, to the server 30, information including the most
recent deterioration state (FIG. 3A/S70). On this occasion, the deviation determination unit 115
acquires information to identify the user device 10 from the user information DB 131 and
transmits, to the server 30, the information together with the most recent deterioration state.

[0094] Then, the server 30 that received the information executes detailed deterioration state
determination processing (FIG. 3B/S210) as a series of processing to determine a detailed
deterioration state including information indicative of a more detailed deterioration state of the
secondary battery than the most recent deterioration state. The content of the processing will
be described later.

[0095] After that, the detailed deterioration state determination unit 311 transmits the detailed
deterioration state to the user device 10, and the processing is ended.

[0096] Then, the user device output unit 150 of the user device 10 that received the detailed
deterioration state outputs the received detailed deterioration state (FIG. 3B/S300), and the
series of processing by the state output system of the present embodiment is ended.

<Detailed Deterioration State Determination Processing>

[0097] When the processing is started, the event estimation unit 313 estimates an event
occurring in the secondary battery 170 based on the most recent deterioration state and use
state information of the secondary battery 170 (FIG. 3B/S211).

[0098] More specifically, the event estimation unit 313 acquires, from the predictive model DB
337, a predictive model machine-learned by using, as training data, information indicative of
past deterioration states and use states of the secondary battery 170 mounted on the user
device 10 and/or the other user devices 10, and information indicative of events that occurred
in the secondary battery 170 in the past, and uses the predictive model to estimate an event
occurring in the secondary battery 170 from the most recent deterioration state of the
secondary battery 170 and the use state information.

[0099] After that, the risk level recognition unit 315 recognizes a risk level of the event
occurring in the secondary battery 170 estimated by the event estimation unit 313 (FIG.
3B/S213).
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[0100] For example, the risk level recognition unit 315 refers to the event DB to recognize the
risk level corresponding to the event occurring in the secondary battery 170. Then, the risk
level recognition unit 315 determines whether or not the recognized risk level meets a
predetermined condition (FIG. 3B/S215). The predetermined condition is, for example, whether
or not the event is a specific event, or when the risk level is indicated by a numeric value as
illustrated in FIG. 2B, the predetermined condition may be whether or not the risk level is a
predetermined numeric value or more.

[0101] When the determination is affirmative (FIG. 3B/S215: Yes), the risk level recognition unit
315 transmits, to the maintenance engineer device 50, information including information
indicative of the risk level, the content of the estimated event, and information to identify the
user Us (FIG. 3B/S217).

[0102] The maintenance engineer device 50 that received the information including the
information indicative of the risk level and the content of the estimated event outputs the
information indicative of the risk level and the content of the estimated event together with the
information to identify the user Us (such as telephone number, address, and the like) (FIG.
3B/S400).

[0103] The maintenance engineer device 50 may be configured to further output details of
copying with the event according to the content of the estimated event, such as information to
encourage the maintenance to replace the battery immediately or the like.

[0104] After that, or when the determination is negative (FIG. 3B/S215: No), the risk level
recognition unit 315 determines the detailed deterioration state.

[0105] More specifically, the detailed deterioration state determination unit 311 determines the
detailed deterioration state based on the content of the event estimated by the event
estimation unit 313 and the risk level recognized by the risk level recognition unit 315.

[0106] FIG. 8 illustrates a state in which the detailed deterioration state thus determined is
output by the user device output unit 150.

[0107] In an example illustrated in FIG. 8, the deviation determination unit 115 determines that
the deterioration state is deviating from the tendency because the degree of deterioration has
increased by a predetermined value or more.

[0108] Then, based on the most recent deterioration state and the use state information of the
secondary battery 170, the event estimation unit 313 estimates that "there is a suspected short
circuit of the board inside the battery control unit,” and the risk level recognition unit 315
recognizes that the risk level of the event is 5.

[0109] In response to this, the detailed deterioration state determination unit 311 determines
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information on the content of the estimated event, the recognized risk level, and a
recommended response.

[0110] Through such processing, an indication Rec indicative of the recommended response is
output together with an indication Deg indicative of the deterioration state of the secondary
battery 170, a content Inc of the estimated event, and a risk level DLv as illustrated in FIG. 8.

[0111] Alternatively, the detailed deterioration state determination unit 311 acquires past and/or
current position information of the user device 10 from the use state information DB 331 to
acquire, from the server storage unit 330, geographical characteristic information as
information indicative of geographical characteristics that affect the deterioration state of the
secondary battery 170 based on the acquired information in order to determine the detailed
deterioration state based on the position information and the geographical characteristic
information.

[0112] FIG. 9 illustrates a state in which the detailed deterioration state thus determined is
output by the user device output unit 150.

[0113] In an example illustrated in FIG. 9, the deviation determination unit 115 determines that
the deterioration state of the secondary battery 170 is deviating from the tendency due to a
rapid increase in deterioration degree.

[0114] Then, based on the most recent deterioration state and the use state information of the
secondary battery 170, the event estimation unit 313 first recognizes that the deterioration
degree increased rapidly compared with the deterioration degree one week ago and, in
response thereto, compares a usage situation in the last week and a usage situation before
then to determine whether or not there is some change.

[0115] In the present example, since the event estimation unit 313 recognizes from the
position information that driving in a certain geographical range in the last several days has
been increasing, the event estimation unit 313 further refers to the geographical characteristic
information DB 333 to recognize such a geographical characteristic that "there are many
slopes" in the range, or the event estimation unit 313 further refers to the use state information
DB 331 to analyze information indicative of past deterioration states and use states of
secondary batteries 170 mounted on user devices 10 other than the user device 10 concerned
so as to calculate a likelihood that this event occurring in the secondary battery 170 is
"worsening of the deterioration state due to driving in regions with many slopes for several
consecutive days," and when the likelihood is a predetermined value or more, the event
estimation unit 313 estimates that this event is "worsening of the deterioration state due to
driving in regions with many slopes for several consecutive days."

[0116] Then, after considering the geographical characteristic information, the detailed
deterioration state determination unit 311 determines the content of the estimated event and a
recommended response.
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[0117] In the present example, for example, since the detailed deterioration state
determination unit 311 further analyzes information indicative of past deterioration states and
use states of secondary batteries 170 mounted on user devices 10 other than the user device
10 concerned to recognize that the rapid increase in deterioration degree can be suppressed
by avoiding driving on slopes, the detailed deterioration state determination unit 311
determines the detailed deterioration state including information to recommend the user to go
the other way.

[0118] Through such processing, an indication Deg indicative of the deterioration state of the
secondary battery 170, a content Geo of the event estimated after considering the
geographical characteristic information, and an indication Rec indicative of the recommended
response are output as illustrated in FIG. 9.

[0119] Thus, the most recent or past deterioration state and the detailed deterioration state
may be displayed on the user device output unit 150 at the same time, or either one of them
may be displayed by switching the display or the like.

[0120] As described above, according to the state output system of the present invention,
there can be provided a secondary battery state output system capable of outputting the
deterioration state of the secondary battery including a content satisfactory to the user in a
timely manner.

[0121] While the embodiment of the present invention has been described above, the present
invention is not limited to this embodiment. Various changes are possible without departing
from the scope of the present invention.

[0122] For example, instead of or in addition to the display, the user device output unit 150
may be a speaker to output the deterioration state and the detailed deterioration state by
voice.

[0123] For example, the user device 10 may be composed of two or more devices. In other
words, for example, the user device 10 may be composed of a combination of a motor vehicle,
on which the secondary battery 170 is mounted, and a general-purpose device such as a
smartphone or a dedicated device communicably connected to the motor vehicle.

[0124] For example, although sharing of the processing content between the user device 10
and the server 30 is specifically described above, the present invention is not limited thereto. In
other words, for example, part of processing may be executed on the server 30 rather than the
user device 10, or on the user device 10 rather than the server 30. Alternatively, for example,
the server 30 may be so omitted that all processing is executed on the user device 10.

[0125] For example, the event estimation unit 313 may refer to a table prestored in the server
storage unit 330 and in which any of the current, the voltage, and the temperature of the
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secondary battery 170 or a combination thereof, any other parameter, and an event estimated
to be occurring in the secondary battery 170 are associated with one another to estimate the
event occurring in the secondary battery 170 based on these parameters.

Description of Reference Numerals

[0126] 10...user device, 111...deterioration state recognition unit, 113...tendency acquisition
unit, 115... deviation determination unit, 117...remaining life estimation unit, 150... user device
output unit, 170... secondary battery, 311... detailed deterioration state determination unit, 313
... event estimation unit, 315 ... risk level recognition unit, 50... maintenance engineer device.
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Patentkrav

1. Tilstandsoutputsystem i et system til udlaesning af en forringelsestilstand for et sekundzrt

batteri monteret pa en brugerenhed anvendt af en bruger, og som omfatter:

10

15

20

25

30

en lagringsenhed, hvori der lagres informationer;

en enhed til genkendelse af en forringelsestilstand, der kvantificerer en
forringelsestilstand for det sekundare batteri baseret pa informationer, der indikerer det
sekundere batteris spaending, strom og temperatur, genkender den kvantificerede vaerdi
som en veardi af det sekundere batteris forringelsestilstand, lagrer veerdien af
forringelsestilstanden 1 lagringsenheden 1 kronologisk rekkefelge og lagrer
anvendelsestilstandsinformationer, der indbefatter positionsinformationer om
brugerenheden og indikerer, hvordan det sekundzare batteri blev anvendt tidligere eller
indtil videre, 1 lagringsenheden 1 kronologisk rekkefolge;

en tendensindhentningsenhed, der indhenter en tendens for det sekundare batteris
forringelsestilstand baseret pa verdier af det sekundeere batteris forringelsestilstande pa
en flerhed af tidligere tidspunkter lagret 1 lagringsenheden;

en enhed til afvigelsesbestemmelse, der bestemmer, hvorvidt eller j en seneste
forringelsestilstand afviger fra tendensen baseret pa tendensen for det sekundere
batteris forringelsestilstand indhentet af tendensindhentningsenheden og en vardi af det
sekundere batteris seneste forringelsestilstand genkendt af enheden til genkendelse af
en forringelsestilstand;

en enhed til bestemmelse af den detaljerede forringelsestilstand, der, safremt enheden
til bestemmelse af afvigelse bestemmer, at den seneste forringelsestilstand afviger fra
tendensen, indhenter, fra anvendelsestilstandsinformationerne, informationer om
geografiske egenskaber som informationer, der indikerer geografiske egenskaber, der
indvirker pa det sekundere batteris forringelsestilstand baseret pa tidligere og/eller
aktuelle positionsinformationer om brugerenheden for at bestemme, baseret pa
positionsinformationerne og informationerne om geografiske egenskaber, informationer
om en detaljeret forringelsestilstand, herunder informationer om geografiske
egenskaber, der indvirkede pa det sekundere batteris forringelsestilstand og/eller
informationer om et svar ifelge de geografiske egenskaber, der skal anbefales for at
undga at blive en forringelsestilstand, der afviger fra tendensen; og

en outputenhed, der udlaeser verdien af den seneste forringelsestilstand genkendt af

enheden til genkendelse af en forringelsestilstand og informationerne om den
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detaljerede forrringelsestilstand bestemt af enheden til bestemmelse af den detaljerede

forringelsestilstand.

2. Tilstandsoutputsystem 1 et system til udlaesning af en forringelsestilstand for et sekundeert

batteri monteret pa en brugerenhed anvendt af en bruger, og som omfatter:

en lagringsenhed, hvori der lagres informationer;

en enhed til genkendelse af en forringelsestilstand, der kvantificerer en
forringelsestilstand for det sekundare batteri baseret pa informationer, der indikerer det
sekundere batteris spaending, strom og temperatur, genkender den kvantificerede vaerdi
som en vardi af det sekundeere batteris forringelsestilstand og lagrer vaerdien af
forringelsestilstanden 1 lagringsenheden 1 kronologisk rekkefolge;

en tendensindhentningsenhed, der indhenter en tendens for det sekundare batteris
forringelsestilstand baseret pa verdier af det sekundeere batteris forringelsestilstande pa
en flerhed af tidligere tidspunkter lagret 1 lagringsenheden;

en enhed til afvigelsesbestemmelse, der bestemmer, hvorvidt eller j en seneste
forringelsestilstand afviger fra tendensen baseret pa tendensen for det sekundere
batteris forringelsestilstand indhentet af tendensindhentningsenheden og en vaerdi af
den seneste forringelsestilstand for det sekundare batteri genkendt af enheden til
genkendelse af en forringelsestilstand;

en enhed til haendelsesestimering, der refererer til lagrede informationer, i hvilken en
hvilken som helst af de informationer, der indikerer det sekundare batteris spanding,
strom og temperatur eller en kombination deraf, forbindes med en heendelse, der opstar
i det sekundere batteri, for at estimere den heendelse, der opstar i det sekundere batteri
baseret pa en hvilken som helst del af informationerne, der indikerer det sekundere
batteris spending, strem og temperatur eller kombinationen deraf;

en enhed til bestemmelse af den detaljerede forringelsestilstand, der, safremt enheden
til bestemmelse af afvigelse bestemmer, at den seneste forringelsestilstand afviger fra
tendensen, bestemmer informationer om en detaljeret forringelsestilstand, heruder
informationer, der indikerer den haendelse, der opstar i det sekundere batteri estimeret
af enheden til heendelsesestimering baseret pa en hvilken som helst del af
informationerne, der indikerer det sekundare batteris spaending, strom og temperatur

eller kombinationen deraf, og
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en outputenhed, der udlaser vaerdien af den seneste forringelsestilstand genkendt af
enheden til genkendelse af en forringelsestilstand og informationerne om den
detaljerede forrringelsestilstand bestemt af enheden til bestemmelse af den detaljerede

forringelsestilstand.

3. Tilstandsoutputsystem i et system til udlesning af en forringelsestilstand for et sekundeert

batteri monteret pa en brugerenhed anvendt af en bruger, og som omfatter:

en lagringsenhed, hvori der lagres informationer;

en enhed til genkendelse af en forringelsestilstand, der kvantificerer en
forringelsestilstand for det sekundare batteri baseret pa informationer, der indikerer det
sekundere batteris spaending, strom og temperatur, genkender den kvantificerede vaerdi
som en vardi af det sekundeere batteris forringelsestilstand og lagrer vaerdien af
forringelsestilstanden 1 lagringsenheden 1 kronologisk rekkefolge;

en tendensindhentningsenhed, der indhenter en tendens for det sekundare batteris
forringelsestilstand baseret pa verdier af det sekundeere batteris forringelsestilstande pa
en flerhed af tidligere tidspunkter lagret 1 lagringsenheden;

en enhed til afvigelsesbestemmelse, der bestemmer, hvorvidt eller j en seneste
forringelsestilstand afviger fra tendensen baseret pa tendensen for det sekundere
batteris forringelsestilstand indhentet af tendensindhentningsenheden og en vaerdi af
den seneste forringelsestilstand for det sekundare batteri genkendt af enheden til
genkendelse af en forringelsestilstand;

en enhed til haendelsesestimering, der estimerer en handelse, der opstar i det sekundare
batteri, fra veerdien af den seneste forringelsestilstand for det sekundzre batteri og
anvendelsestilstandsinformationer ved hjaelp af en pradiktiv model med vardien af
forringelsestilstanden og anvendelsestilstandsinformationerne for det sekundzre batteri
som input og den heendelse, der opstar i det sekundere batteri, som output, hvor den
prediktive model opnas ved maskinlaring af en korrelation mellem informationer, der
indikerer verdier af tidligere forringelsestilstande og anvendelsestilstande for det
sekundere batteri og hendelser, der opstod i1 det sekundere batteri tidligere ved hjelp
af, som treeningsdata, de informationer, der indikerer de tidligere forringelsestilstande
og anvendelsestilstande for det sekundere batteri monteret pa brugerenheden og/eller
andre brugerenheder og informationer, der indikerer de handelser, der opstod tidligere 1

det sekundere batteri;
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en enhed til bestemmelse af den detaljerede forringelsestilstand, der, safremt enheden
til bestemmelse af afvigelse bestemmer, at den seneste forringelsestilstand afviger fra
tendensen, bestemmer informationer om en detaljeret forringelsestilstand, herunder
informationer, der indikerer den haendelse, der opstar i det sekundere batteri estimeret
af enheden til heendelsesestimering baseret pa verdien af den seneste
forringelsestilstand og anvendelsestilstandsinformationerne for det sekundere battert,
0g

en outputenhed, der udlaser vaerdien af den seneste forringelsestilstand genkendt af
enheden til genkendelse af en forringelsestilstand og informationerne om den
detaljerede forrringelsestilstand bestemt af enheden til bestemmelse af den detaljerede

forringelsestilstand.

4. Tilstandsoutputsystem ifglge et hvilket som helst af krav 1 til 3, hvor
tendensindhentningsenheden indhenter tendensen for det sekundzre batteris
forringelsestilstand baseret pa en glidende gennemsnitsverdi af veerdier af det
sekundere batteris forringelsestilstande for et forudbestemt tidsrum blandt verdier af
de tidligere forringelsestilstande for det sekundere batteri lagret i1 lagringsenheden, og
safremt en forskel mellem den glidende gennemsnitsveerdi af verdierne af det
sekundere batteris forringelsestilstande for det forudbestemte tidsrum og vaerdien af
den seneste forringelsestilstand er en forudbestemt terskelveerdi eller hogjere, enheden
til bestemmelse af afvigelse bestemmer, at den seneste forringelsestilstand afviger fra

tendensen.

5. Tilstandsoutputsystem ifelge et hvilket som helst af krav 1 til 4, hvor enheden til
genkendelse af en forringelsestilstand indhenter informationer, der indikerer en intern
modstands- eller ladekapacitetsverdi 1 en starttilstand for det sekundeere batteri, og
informationer, der indikerer en seneste intern modstands- eller ladekapacitetsverdi for det
sekundere batteri baseret pa informationer, der indikerer seneste spanding, strem og
temperatur for det sekundzre batteri til at genkende en verdi af en intern
modstandsstigningsgrad eller resterende kapacitetsgrad for det sekundare batteri bestemt

baseret pa informationerne som en veerdi af det sekundere batteris forringelsestilstand.
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6. Tilstandsoutputsystem ifglge et hvilket som helst af krav 1 til 5, og som endvidere omfatter

en enhed til estimering af restlevetid, der estimerer restlevetid som et tidsrum, indtil det
sekundere batteri befinder sig 1 en forudbestemt forringelsestilstand, hvor

enheden til estimering af restlevetid er konfigureret til at forudsige en fremtidig indre
modstands- eller resterende kapacitetsveerdi for det sekundere batteri fra tendensen for
det sekundere batteris forringelsestilstand, og til at estimere, som restlevetiden for det
sekundere batteri, et tidsrum indtil den forudsagte, fremtidige indre modstands- eller
ladekapacitetsveerdi for det sekundare batteri nar en forudbestemt gvre greense af den
interne modstandsverdi eller nedre graense af ladekapacitetsverdien for det sekundaere
batteri, og

outputenheden er konfigureret til at udlese informationer, der indikerer restlevetiden.

7. Tilstandsoutputsystem ifelge krav 2 eller 3, og som endvidere omfatter

en enhed til genkendelse af risikoniveau, der refererer til informationer, hvori
handelsen forekommer i1 det sekundere batteri, og et risikoniveau for heendelsen
registreres sammen for at genkende haendelsesrisikoniveauet estimeret af enheden til
handelsesestimering,

hvor enheden til bestemmelse af den detaljerede forringelsestilstand bestemmer
informationerne om den detaljerede forrringelsestilstand baseret pa et indhold af

handelsen estimeret af enheden til haendelsesestimering og risikoniveauet.

8. Tilstandsoutputsystem ifelge krav 7, og som endvidere omfatter

en vedligeholdelsesteknikerenhed anvendt af en vedligeholdelsestekniker, der foretager
vedligeholdelse af det sekundere batteri,

hvor, nar risikoniveauet genkendt af risikoniveauet genkendelsesenhed opfylder en
forudbestemt betingelse, vedligeholdelsesteknikerenheden udleser informationer, der
indikerer risikoniveauet og indholdet af heendelsen estimeret af enheden til

handelsesestimering.
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