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METHOD AND SYSTEM FOR DETECTING
RESISTANCE OF INTERNAL SHORT
CIRCUIT OF BATTERY

[0001] This application claims the benefit of Taiwan appli-
cation Serial No. 106142429, filed Dec. 4, 2017, the disclo-
sure of which is incorporated by reference herein in its
entirety.

TECHNICAL FIELD

[0002] The disclosure relates to a method and a system for
detecting resistance of an internal short circuit of a battery.

BACKGROUND

[0003] With the ever-progressing technologies, more and
more electronic devices, power storage systems and electric
vehicles are equipped with batteries. An internal short circuit
of a battery may cause the battery burning, putting a user
into danger and making huge losses to manufacturers.
Therefore, there is a need for a solution for determining
whether a battery is abnormal and detecting resistance of an
internal short circuit of the battery.

SUMMARY

[0004] The disclosure is directed to a method and a system
for detecting resistance of an internal short circuit of a
battery.

[0005] According to an embodiment, a method for detect-
ing resistance of an internal short circuit of a battery is
provided. The method includes steps of: measuring charg-
ing/discharging information of a battery; calculating a
charging/discharging characteristic of the battery according
to the charging/discharging information, wherein the charg-
ing/discharging information includes voltage information,
current information, time information or battery temperature
information; aligning the charging/discharging characteris-
tic of the battery according to a comparison characteristic
point of a comparison characteristic to obtain an aligned
charging/discharging characteristic, wherein the charging/
discharging characteristic includes a relationship between
battery capacity information of the battery and the voltage
information of the battery; determining whether the battery
is normal according to the aligned charging/discharging
characteristic or a coulombic efficiency of the battery; and
when the battery is determined as abnormal, calculating
aligned charging/discharging information according to the
aligned charging/discharging characteristic, and calculating
the resistance of the internal short circuit of the battery
according to the aligned charging/discharging information,
wherein the aligned charging/discharging information
includes aligned voltage information, aligned current infor-
mation, aligned battery capacity or aligned time information.
[0006] According to another embodiment, a system for
detecting resistance of an internal short circuit of a battery
is provided. The system for detecting resistance of an
internal short circuit of a battery includes a battery set, a data
acquisition (DAQ) module and a characteristic calculating
module. The battery set includes a battery. The DAQ module
is configured to measure charging/discharging information
of the battery, wherein the charging/discharging information
includes voltage information, current information, time
information or battery temperature information. The char-
acteristic calculating module is configured to calculate a
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charging/discharging characteristic of the battery according
to the charging/discharging information, align the charging/
discharging characteristic according to a comparison char-
acteristic point of a comparison characteristic to obtain an
aligned charging/discharging characteristic, and determine
whether the battery is normal according to the aligned
charging/discharging characteristic or a coulombic effi-
ciency of the battery, wherein the charging/discharging
characteristic includes a relationship between battery capac-
ity information and the voltage information. The system
further includes an internal short-circuit resistance calculat-
ing module. The internal short-circuit resistance calculating
module is configured to calculate aligned charging/discharg-
ing information according to the aligned charging/discharg-
ing characteristic, and calculate the resistance of the internal
short circuit of the battery according to the aligned charging/
discharging information when the battery is determined as
abnormal, wherein the aligned charging/discharging infor-
mation includes aligned voltage information, aligned current
information, aligned battery capacity information or aligned
time information.

[0007] To better understand the disclosure, preferred
embodiments are given in detail with the accompanying
drawings below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1A is a schematic diagram of a system for
detecting resistance of an internal short circuit of a battery
according to an embodiment;

[0009] FIG. 1B is a schematic diagram of a system for
determining a discharging process of a battery according to
an embodiment;

[0010] FIG. 1C is a schematic diagram of a system for
detecting resistance of an internal short circuit and deter-
mining a discharging process of a battery according to an
embodiment;

[0011] FIG. 1D is a schematic diagram of a battery set and
an abnormal discharging circuit according to an embodi-
ment;

[0012] FIG. 1E is a schematic diagram of a battery set and
an abnormal discharging circuit according to another
embodiment;

[0013] FIG. 2A is a flowchart of a method for detecting
resistance of an internal short circuit of a battery according
to an embodiment;

[0014] FIG. 2B is a detailed flowchart of step S240
according to an embodiment;

[0015] FIGS. 3Ato 3E are simulation schematic diagrams
of a method for detecting resistance of an internal short
circuit of a battery according to an embodiment;

[0016] FIGS. 4A to 4E are simulation schematic diagrams
of a method for detecting resistance of an internal short
circuit of a battery according to another embodiment;
[0017] FIG. 5A is a flowchart of a method for determining
a discharging process of a battery according to an embodi-
ment;

[0018] FIG. 5B is a detailed flowchart of step S250 in FIG.
5A according to an embodiment;

[0019] FIG. 5C is a detailed flowchart of step S260 in FIG.
5A according to an embodiment;

[0020] FIG. 6A is a pairwise distance graph of a battery
according to an embodiment;

[0021] FIG. 6B is a correlation coefficient graph of a
battery according to an embodiment;
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[0022] FIG. 7 is a flowchart of a method for determining
a discharging process of a battery according to an embodi-
ment; and

[0023] FIG. 8 is a flowchart of a method for detecting
resistance of an internal short circuit of a battery and a
method for determining a discharging process of a battery
according to an embodiment.

[0024] In the following detailed description, for purposes
of explanation, numerous specific details are set forth in
order to provide a thorough understanding of the disclosed
embodiments. It will be apparent, however, that one or more
embodiments may be practiced without these specific
details. In other instances, well-known structures and
devices are schematically shown in order to simplify the
drawing.

DETAILED DESCRIPTION

[0025] Technical terms of the application are based on
general definition in the technical field of the application. If
the application describes or explains one or some terms,
definition of the terms are based on the description or
explanation of the application. Each embodiment of the
disclosure includes one or more technical features. In pos-
sible implementation, one person skilled in the art can
selectively implement a part or all of the technical features
of any of the embodiments, or selectively combine a part or
all of the technical features of the embodiments.

[0026] FIG. 1A shows a schematic diagram of a system
100 for detecting resistance of an internal short circuit (ISC)
(abbreviated as ISC resistance in the following disclosure)
of a battery according to an embodiment. In this embodi-
ment, the system 100 for detecting ISC resistance of a
battery is suitable for detecting ISC resistance of a battery.
In this embodiment, the system 100 for detecting ISO
resistance of a battery includes a battery set 102, a charging
circuit 104, a data acquisition (DAQ) module 106, a storage
unit 108, a characteristic calculating module 110 and an
internal short-circuit resistance calculating module 112. In
one embodiment, the system 100 for detecting ISO resis-
tance of a battery may further include an abnormal discharg-
ing circuit (not shown) that is coupled to the characteristic
calculating module 110. In one embodiment, the system 100
for detecting ISO resistance of a battery may be placed in a
mobile device, e.g., a cell phone, a personal digital assistant
(PDA), a tablet computer, a laptop computer, a point-of-
sales (POS) machine, a portable media player, a digital
camera or a wearable device. In one embodiment, the system
100 for detecting ISO resistance of a battery may also be
placed in a vehicle, e.g., an automobile, a motorcycle, an
aircraft, a boat, a submarine, an unmanned automobile, a
drone or an unmanned boat. In one embodiment, the system
100 for detecting ISO resistance of a battery may also be
placed in a toy or a model of any of the above vehicles.
[0027] The battery set 102 is coupled to the charging
circuit 104 and the DAQ module 106. The battery set 102
includes one or multiple batteries. The batteries of the
battery set 102 may be connected in series, in parallel, or in
an array structure. For example, the array structure may
adopt the reconfigurable array of inexpensive batteries archi-
tecture (RAIBA) technology. In one embodiment, the above
batteries may be rechargeable batteries, such as lithium-ion
batteries, lithium metal batteries, lead-acid batteries, nickel-
cadmium batteries, nickel-metal hydride batteries, or may be
super capacitors, fuel cells or solar cells.
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[0028] The charging circuit 104 is coupled to the battery
set 102. The charging circuit 104 may be a circuit or a
switch. The charging circuit 104 is capable of charging or
terminating the charging of the batteries in the battery set
102. In one embodiment, the charging circuit 104 may be
external to the system 100 for detecting ISO resistance of a
battery.

[0029] The DAQ module 106 is coupled to the battery set
102 and the characteristic calculating module 110. The DAQ
module 106 may be one or multiple separate or integrated
meters or sensors, e.g., a voltmeter, an ammeter, a tempera-
ture sensor and/or a time recorder. In one embodiment, the
DAQ module 106 may be a detection circuit. In one embodi-
ment, the DAQ module 106 may be a device or an instru-
ment independent of the system 100 for detecting ISO
resistance of a battery. In one embodiment, the DAQ module
106 may measure and/or record a voltage, a current, a
temperature and/or a time of the batteries in the battery set
by the above meters, sensors, detection circuits, devices
and/or instruments.

[0030] The storage unit 108 is coupled to the characteristic
calculating module 110. The storage unit 108 may be a
hardware unit, e.g., a memory, a hard drive, a solid-state disk
(SSD), a flash memory or a read-only memory (ROM).
[0031] The -characteristic calculating module 110 is
coupled to the DAQ module 106, the storage unit 108 and
the ISO resistance calculating module 112. The character-
istic calculating module 110 may be a hardware circuit, a
software module executed by a processor (not shown) or a
controller (not shown), or may be partly a circuit and partly
a software module executed by a processor or a controller.
The function of the characteristic calculating module 110
will be described below.

[0032] The ISO resistance calculating module 112 is
coupled to the characteristic calculating module 110. The
ISO resistance calculating module 112 may be a hardware
circuit, a software module executed by a processor (not
shown) or a controller (not shown), or may be partly a circuit
and partly a software module executed by a processor or a
controller. The function of the ISO resistance calculating
module 112 will be described below. In one embodiment, the
characteristic calculating module 110 and the ISO resistance
calculating module 112 may be integrated into one module.
[0033] FIG. 1B shows a schematic diagram of a system
200 for determining a discharging process of a battery
according to an embodiment. In this embodiment, the sys-
tem 200 for determining a discharging process of a battery
is suitable for determining a discharging process of a battery.
In this embodiment, the system 200 for determining a
discharging process of a battery includes a battery set 102,
a charging circuit 104, a DAQ module 106, a storage unit
108, a characteristic calculating module 110, a safety prob-
ability calculating module 114 and an abnormal discharging
circuit 116. In one embodiment, the system 200 for deter-
mining a discharging process of a battery may be placed in
amobile device, e.g., a cell phone, a PDA, a tablet computer,
a laptop computer, a POS machine, a portable media player,
a digital camera, or a wearable device. In one embodiment,
the system 200 for determining a discharging process of a
battery may also be placed in a vehicle, e.g., an automobile,
a motorcycle, an aircraft, a boat, a submarine, an unmanned
automobile, a drone or an unmanned boat. In one embodi-
ment, the system 200 for determining a discharging process
of a battery may also be placed in a toy or a model of any
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of the above vehicles. The battery set 102, the charging
circuit 104, the DAQ module 106, the storage unit 108 and
the characteristic calculating module 110 in FIG. 1B are
identical or similar to the charging circuit 104, the DAQ
module 106, the storage unit 108 and the characteristic
calculating module 110 in FIG. 1A, and associated details
can be referred to the corresponding description of FIG. 1A.
In this embodiment, the characteristic calculating module
110 is coupled to the DAQ module 106, the storage unit 108
and the safety probability calculating module 114.

[0034] The safety probability calculating module 114 is
coupled to the characteristic calculating module 110, the
storage unit 108 and the abnormal discharging circuit 116.
The safety probability calculating module 114 may be a
hardware circuit, a software module executed by a processor
(not shown) or a controller (not shown), or may be partly a
circuit and partly a software module executed by a processor
or a controller. The function of the safety probability cal-
culating module 114 will be described below. In one
embodiment, the characteristic calculating module 110 and
the safety probability calculating module 114 may be inte-
grated into one module.

[0035] The abnormal discharging circuit 116 is coupled to
the battery set 102 and the safety probability calculating
module 114. The abnormal discharging circuit 116 may
include one or multiple variable resistors, or include one or
multiple fixed resistors, or include a combination of one or
multiple variable resistors and/or one or multiple fixed
resistors, where the combination may be series connection
or parallel connection. In one embodiment, the abnormal
discharging circuit 116 may include a circuit consisting of
one or multiple active components or other passive compo-
nents. Active components are, e.g., metal-oxide-semicon-
ductor field-effect transistors (MOSFETs) or bipolar transis-
tors. Passive components are, e.g., inductors or capacitors.

[0036] FIG. 10 shows a schematic diagram of a system
300 for detecting ISO resistance of a battery and determin-
ing a discharging process of a battery according to an
embodiment. In this embodiment, the system 300 for detect-
ing ISO resistance of a battery and determining a discharg-
ing process of a battery is suitable for calculating ISO
resistance of a battery and/or determining a discharging
process of a battery. In this embodiment, the system 300 for
detecting ISO resistance of a battery and determining a
discharging process of a battery includes a battery set 102,
a charging circuit 104, a DAQ module 106, a storage unit
108, a characteristic calculating module 110, an ISO resis-
tance calculating module 112, a safety probability calculat-
ing module 114 and an abnormal discharging circuit 116. In
one embodiment, the system 300 for detecting ISO resis-
tance of a battery and determining a discharging process of
a battery may be placed in a mobile device, e.g., a cell
phone, a PDA, a tablet computer, a laptop computer, a POS
machine, a portable media player, a digital camera, or a
wearable device. In one embodiment, the system 300 for
detecting ISO resistance of a battery and a discharging
process of a battery may also be placed in a vehicle, e.g., an
automobile, a motorcycle, an aircraft, a boat, a submarine,
an unmanned automobile, a drone or an unmanned boat. In
one embodiment, the system 300 for detecting ISO resis-
tance of a battery and a discharging process of a battery may
also be placed in a toy or a model of any of the above
vehicles. The battery set 102, the charging circuit 104, the
DAQ module 106, the storage unit 108, the characteristic
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calculating module 110 and the ISO resistance calculating
module 112 in FIG. 10 are identical or similar to the
charging circuit 104, the DAQ module 106, the storage unit
108, the characteristic calculating module 110 and the ISO
resistance calculating module 112 in FIG. 1A, and associ-
ated details can be referred to the corresponding description
of FIG. 1A. The safety probability calculating module 114
and the abnormal discharging circuit 116 in FIG. 10 are
identical or similar to the safety probability calculating
module 114 and the abnormal discharging circuit 116 in FIG.
1B, and associated details can be referred to the correspond-
ing description of FIG. 1B. In this embodiment, the char-
acteristic calculating module 110 is coupled to the DAQ
module 106, the storage unit 108, the ISO resistance calcu-
lating module 112 and the safety probability calculating
module 114. The ISO resistance calculating module 112 is
coupled to the characteristic calculating module 110 and the
safety probability calculating module 114. The safety prob-
ability calculating module 114 is coupled to the character-
istic calculating module 110, the ISO resistance calculating
module 112 and the abnormal discharging circuit 116. In one
embodiment, the characteristic calculating module 110, the
ISO resistance calculating module 112 and the safety prob-
ability calculating module 114 may be integrated into one
module.

[0037] FIG. 1D shows a schematic diagram of a battery set
102 and an abnormal discharging circuit 116 according to an
embodiment. In this embodiment, the battery set 102
includes a battery 1021. The abnormal discharging circuit
116 includes a variable resistor 1162 and a switch 1164. The
abnormal discharging circuit 116 may be controlled to
discharge the battery 1021. For example, a first end 1162A
of the variable resistor 1162 and a first end 102A of the
battery 1021 may be connected, and a second end 1162B of
the variable resistor 1162 and a second end 102B of the
battery 1021 may be connected, such that the battery 1021
is discharged to the variable resistor 1162. In one embodi-
ment, the resistance of the variable resistor 1162 is adjust-
able. When the battery 1021 is abnormal, the resistance of
the variable resistor 1162 may be adjusted to a minimum
value (or a predetermined small resistance value) so as to
accelerate the speed of discharging the battery 1021. In one
embodiment, when the battery set 102 is under normal use,
the resistance of the variable resistor 1162 may be adjusted
to a maximum value (or a predetermined large resistance
value) or may be disconnected from the battery of the battery
set 102, such that the discharging of the battery pack 102
through the variable resistor 1162 is avoided or reduced.

[0038] FIG. 1E shows a schematic diagram of a battery set
102 and an abnormal discharging circuit 116 according to
another embodiment. In this embodiment, the battery set 102
includes a battery 1022, a battery 1023, a battery 1024, a
battery 1025, a battery 1026 and a battery 1027. The
abnormal discharging circuit 116 includes a variable resistor
1162 and a switch 1164. The abnormal discharging circuit
116 may be controlled to discharge an individual battery or
batteries in combination. For example, a first end 1162A of
the variable resistor 1162 and a first end 102C of the battery
1022 are connected, and a second end 1162B of the variable
resistor 1162 and a second end 102D of the battery 1022 are
connected, such that the battery 1022 is discharged to the
variable resistor 1162. In one embodiment, the resistance of
the variable resistor 1162 is adjustable. When a battery in a
battery set is abnormal, e.g., when the battery 1022 is
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abnormal, the resistance of the variable resistor 1162 may be
adjusted to a minimum value (or a predetermined small
resistance value), so as to accelerate the speed of discharging
an individual battery or batteries in combination. In one
embodiment, when a battery set is under normal use, the
resistance of the variable resistor 1162 may be adjusted to a
maximum value (or a predetermined large resistance value)
or may be disconnected from the battery of the battery set
102, such that the discharging of the battery pack 102
through the variable resistor 1162 is avoided or reduced.

[0039] FIG. 2A shows a flowchart of a method for detect-
ing ISO resistance of a battery according to an embodiment.
Referring to FIG. 1A, FIG. 1D, FIG. 1E and FIG. 2A, in step
S210, the DAQ module 106 is configured to measure
charging/discharging information of a battery. The charging/
discharging information includes voltage information, cur-
rent information, time information and/or battery tempera-
ture information. In one embodiment, the DAQ module 106
may measure the charging/discharging information of one
single battery, e.g., the charging/discharging information of
the battery 1022. In one embodiment, the DAQ module 106
may measure the charging/discharging information of mul-
tiple batteries individually, e.g., the charging/discharging
information of the battery 1022 and the charging/discharg-
ing information of the battery 1023. In one embodiment, the
DAQ module 106 may measure charging/discharging infor-
mation of multiple batteries in combination, e.g., the charg-
ing/discharging information of the battery 1022 and the
battery 1023 connected in series. The battery 1021 is taken
as an example in the following description. In one embodi-
ment, the voltage information includes multiple voltage
data, the current information includes multiple current data,
the time information includes multiple time data, and the
battery temperature information includes multiple battery
temperature data. Each piece of voltage data, current data,
time data and/or battery temperature data has a correspond-
ing relationship. For example, corresponding to the time
data t,, the voltage data is V,, the current data is [, and/or the
battery temperature data is T,. In one embodiment, the
charging/discharging information includes charging infor-
mation during a charging process of the battery 1021 or
discharging information during a discharging process of the
battery 1021. In one embodiment, the charging/discharging
information may be charging information during a charging
process of the battery 1021, wherein the charging informa-
tion includes charging voltage information, charging current
information, charging time information and/or charging bat-
tery temperature information. The charging process
involves, for example, charging from a minimum voltage
(e.g., 0 V) of the battery 1021 to a maximum voltage (e.g.,
4.2 V) of the battery 1021. In one embodiment, the charging
process involves, for example, charging from a predeter-
mined low voltage of the battery 1021 to a predetermined
high voltage of the battery 1021. In one embodiment, the
charging process involves, for example, charging from a
current voltage (e.g., a user charges a cell phone when the
battery 1021 of the cell phone still has remaining power) of
the battery 1021 to a maximum voltage, a predetermined
high voltage or a voltage when the charging ends (e.g., a user
terminates the charging of a cell phone when the battery
1021 of the cell phone has not yet been fully charged). In one
embodiment, the charging process involves, for example,
first charging by a constant current (CC) to a predetermined
voltage (e.g., 4.2 V), and then charging by a constant voltage
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(CV) until the current is very small (e.g., less than a
predetermined current) to end the charging process. In one
embodiment, the charging/discharging information may be
discharging information during a discharging process of the
battery 1021, wherein the discharging information includes
discharging voltage information, discharging current infor-
mation, discharging time information and/or discharging
battery temperature information. The discharging process
involves, for example, discharging from a maximum voltage
(e.g., 4.2 V) of the battery 1021 to a minimum voltage (e.g.,
0 V) of the battery 1021. In one embodiment, the discharg-
ing process involves, for example, discharging from a pre-
determined high voltage of the battery 1021 to a predeter-
mined low voltage of the battery 1021. In one embodiment,
the discharging process involves, for example, discharging
from a current voltage of the battery 1021 (e.g., a user plays
games on a cell phone) to a minimum voltage, a predeter-
mined low voltage or a voltage when the discharging ends
(e.g., a user finishes a game on a cell phone and turns off the
cell phone).

[0040] Step S220 is performed after step S210. In step
S220, the characteristic calculating module 110 is config-
ured to calculate a charging/discharging characteristic of the
battery 1021 according to the charging/discharging infor-
mation. In one embodiment, the charging/discharging char-
acteristic of the battery 1021 includes a relationship between
battery capacity information and the voltage information of
the battery 1021. In one embodiment, the characteristic
calculating module 110 calculates battery capacity informa-
tion of the battery 1021 according to the current information
and the time information of the battery 1021. The charac-
teristic calculating module 110 further draws a battery
capacity versus voltage (Q-V) relationship curve to obtain a
battery capacity versus voltage (Q-V) relationship. In addi-
tion, the characteristic calculating module 110 differentiates
the battery capacity information with respect to the voltage
information to obtain differential capacity information, and
draws a differential capacity (dQ/dV) versus voltage (dQ/
dV-V) relationship curve to obtain a differential capacity
versus voltage (dQ/dV-V) relationship. In one embodiment,
the charging/discharging characteristic is a charging char-
acteristic during a charging process of the battery 1021, e.g.,
a Q-V relationship and/or a dQ/dV-V relationship during the
charging process of the battery 1021. More specifically, the
characteristic calculating module 110 calculates charging
battery capacity information according to charging current
information and charging time information of the battery
1021. For example, the charging current information is
multiplied by the charging time information to obtain the
charging battery capacity information. The characteristic
calculating module 110 draws a relationship curve of the
charging battery capacity versus the charging voltage by
taking the charging battery capacity as the vertical axis and
the charging voltage information as the horizontal axis, so as
to obtain the Q-V relationship during the charging process.
In one embodiment, the charging voltage information
includes multiple charging voltage data, the charging current
information includes multiple charging current data, and the
charging time information includes multiple charging time
data, and thus the calculated charging battery capacity
information has a corresponding number of charging battery
capacity data. In one embodiment, the characteristic calcu-
lating module 110 further differentiates the charging battery
capacity information with respect to the charging voltage
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information to obtain charging differential capacity infor-
mation. The characteristic calculating module 110 draws a
relationship curve of charging differential capacity versus
charging voltage by taking the charging differential capacity
information as the vertical axis and the charging voltage
information as the horizontal axis, so as to obtain a differ-
ential capacity versus voltage relationship during the charg-
ing process. In one embodiment, the charging/discharging
characteristic is a discharging characteristic during a dis-
charging process, e.g., a battery capacity versus voltage
(Q-V) relationship and/or a differential capacity (dQ/dV)
versus voltage (dQ/dV-V) relationship during a discharging
process of the battery 1021. More specifically, the charac-
teristic calculating module 110 calculates discharging bat-
tery capacity information of the battery 1021 according to
discharging current information and discharging time infor-
mation of the battery 1021. For example, the discharging
current information is multiplied by the discharging time
information to obtain discharging battery capacity informa-
tion. The characteristic calculating module 110 draws a
relationship curve of discharging battery capacity versus
discharging voltage by taking the discharging battery capac-
ity information as the vertical axis and the discharging
voltage information as the horizontal axis, so as to obtain a
Q-V relationship during the discharging process. The char-
acteristic calculating module 110 may further differentiate
the discharging battery capacity information with respect to
the discharging voltage information to obtain discharging
differential capacity information. In addition, the character-
istic calculating module 110 draws a relationship curve of
discharging differential capacity versus discharging voltage
by taking the discharging differential capacity information
as the vertical axis and the discharging voltage information
as the horizontal axis, so as to obtain the dQ/dV-V relation-
ship during the discharging process.

[0041] Step S230 is performed after step S220. In step
S230, the characteristic calculating module 110 is config-
ured to align the charging/discharging characteristic of the
battery 1021 according to a comparison characteristic point
of a comparison characteristic, so as to obtain an aligned
charging/discharging characteristic. For example, the char-
acteristic calculating module 110 aligns a charging/discharg-
ing characteristic point of the charging/discharging charac-
teristic of the battery 1021 with a comparison characteristic
point of a comparison characteristic, so as to obtain an
aligned charging/discharging characteristic. In one embodi-
ment, the method for the alignment is as follows: The
charging/discharging characteristic includes a relationship
curve, which includes a charging/discharging characteristic
point. The relationship curve of the charging/discharging
characteristic is shifted such that the horizontal-axis coor-
dinate and/or the vertical-axis coordinate of the charging/
discharging characteristic point is identical to the horizontal-
axis coordinate and/or the vertical-axis coordinate of the
comparison characteristic point of the comparison charac-
teristic. In one embodiment, the comparison characteristic is
stored in the storage unit 108. In one embodiment, the
charging/discharging characteristic of the battery is a charg-
ing characteristic or a discharging characteristic of the
battery 1021, and the comparison characteristic is a history
charging characteristic of the battery 1021 or a history
discharging characteristic of the battery 1021. In one
embodiment, after the battery 1021 has been determined as
normal in a previous charging process, the charging char-
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acteristic is stored in the storage unit 108 as a history
charging characteristic of the battery 1021. In one embodi-
ment, after the battery 1021 has been determined as normal
in a previous discharging process, the discharging charac-
teristic is stored in the storage unit 108 as a history dis-
charging characteristic of the battery 1021. In one embodi-
ment, the charging/discharging characteristic of the battery
is a charging characteristic or a discharging characteristic of
the battery 1021, and the comparison characteristic is a
history charging characteristic of another battery or a history
discharging characteristic of another battery. The another
battery is, for example, a battery of the same manufacturer
brand or of the same model as the battery 1021. In one
embodiment, the charging/discharging characteristic of the
battery 1021 is one of the charging characteristic and the
discharging characteristic of the battery 1021, and the com-
parison characteristic is the other of the charging character-
istic and the discharging characteristic of the battery 1021.
For example, the charging/discharging characteristic of the
battery 1021 is the charging characteristic of the battery
1021, and the comparison characteristic is the discharging
characteristic of the battery 1021. Alternatively, the charg-
ing/discharging characteristic of the battery 1021 is the
discharging characteristic of the battery 1021, and the com-
parison characteristic is the charging characteristic of the
battery 1021. In one embodiment, the charging/discharging
characteristic point is a local maximum point and/or a local
minimum point of the charging/discharging characteristic.
In one embodiment, the comparison characteristic point is a
local maximum point and/or a local minimum point of the
comparison characteristic. In the following example, to
illustrate details of aligning the charging/discharging char-
acteristic point of the battery 1021 with the comparison
characteristic point, a differential capacity versus voltage
relationship (dQ/dV-V) during a discharging process is taken
as the charging/discharging characteristic, and a differential
capacity versus voltage relationship (dQ/dV-V) during a
charging process is taken as the comparison characteristic.
The characteristic calculating module 110 identifies a local
maximum point of the relationship curve of discharging
differential capacity versus discharging voltage as a dis-
charging local maximum point, identifies a local maximum
point of a relationship curve of charging differential capacity
versus charging voltage as a charging local maximum point,
and shifts the relationship curve of discharging differential
capacity versus discharging voltage such that the horizontal-
axis coordinate of the discharging local maximum point is
substantially identical to the horizontal-axis coordinate of
the charging local maximum point, thus completing the
alignment. In this embodiment, the shifted relationship
curve of discharging differential capacity versus discharging
voltage is the aligned charging/discharging characteristic. In
one embodiment, the number of the charging/discharging
characteristic points and/or the number of the comparison
characteristic points may be more than one. In such case, a
charging/discharging characteristic point having the largest
deviation from the corresponding comparison characteristic
point may be omitted. Alternatively, different weightings
may be assigned to different charging/discharging charac-
teristic points for the alignment.

[0042] Step S240 is performed after step S230. In step
S240, the characteristic calculating module 110 is config-
ured to determine whether the battery 1021 is normal
according to the aligned charging/discharging characteristic
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or a coulombic efficiency of the battery 1021. When the
battery 1021 is determined as abnormal, the ISO resistance
calculating module 112 is configured to calculate aligned
charging/discharging information according to the aligned
charging/discharging characteristic, and calculate the ISO
resistance of the battery 1021 according to the aligned
charging/discharging information. The aligned charging/
discharging information includes aligned voltage informa-
tion, aligned current information, aligned battery capacity
information and/or aligned time information. In one embodi-
ment, a discharging process of the battery 1021 may be
determined according to the calculated ISO resistance, and
the battery 1021 may be discharged according to the deter-
mined discharging process. In one embodiment, the voltage
information has a corresponding relationship with the cur-
rent information and/or the battery capacity information, and
the aligned voltage information also has a corresponding
relationship with the aligned current information and/or the
aligned battery capacity information. In one embodiment,
the current information and/or the battery capacity informa-
tion, but not the voltage information, is adjusted during the
alignment, so as to adjust the corresponding relationship
between the aligned voltage information and the aligned
current information and/or the aligned battery capacity
information. In one embodiment, the voltage information,
but not the current information and/or the battery capacity
information, is adjusted during the alignment, so as to adjust
the corresponding relationship between the aligned voltage
information and the aligned current information and/or the
aligned battery capacity information. In one embodiment,
the time information is not adjusted, and thus the time
information after the alignment is identical to the time
information before the alignment.

[0043] Inone embodiment, the charging/discharging char-
acteristic includes a first charging/discharging characteristic
and a second charging/discharging characteristic. The first
charging/discharging characteristic is a differential capacity
versus voltage (dQ/dV-V) relationship of the battery 1021,
and the second charging/discharging characteristic is a bat-
tery capacity versus voltage (Q-V) relationship of the battery
1021. In step S220, the characteristic calculating module 110
calculates the first charging/discharging characteristic and
the second charging/discharging characteristic of the battery
1021 according to the charging/discharging information. In
step S230, the characteristic calculating module 110 aligns
the first charging/discharging characteristic of the battery
1021 according to a comparison characteristic point of a
comparison characteristic, so as to obtain an aligned first
charging/discharging characteristic. The characteristic cal-
culating module 110 aligns the second charging/discharging
characteristic according to the aligned first charging/dis-
charging characteristic, so as to obtain an aligned second
charging/discharging characteristic. For example, the char-
acteristic calculating module 110 aligns the charging/dis-
charging characteristic point of the first charging/discharg-
ing characteristic with the comparison characteristic point of
the comparison characteristic, so as to obtain the aligned first
charging/discharging characteristic. Then the characteristic
calculating module 110 shifts the second charging/discharg-
ing characteristic according to a difference between the
charging/discharging characteristic point of the first charg-
ing/discharging characteristic and the charging/discharging
characteristic point of the aligned first charging/discharging
characteristic, so as to obtain the aligned second charging/
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discharging characteristic. In step S240, the characteristic
calculating module 110 determines whether the battery 1021
is normal according to the aligned first charging/discharging
characteristic, the aligned second charging/discharging char-
acteristic, or a coulombic efficiency of the battery 1021.
When the battery 1021 is determined as abnormal, the ISO
resistance calculating module 112 calculates the ISO resis-
tance of the battery 1021.

[0044] FIG. 2B shows a detailed flowchart of step S240
according to an embodiment. Referring to FIG. 1A, FIG. 1D,
FIG. 2A and FIG. 2B, step S240 in FIG. 2B may include
steps S242, S244 and S246.

[0045] In step S242, the characteristic calculating module
110 determines: (a) whether a coulombic efficiency of the
battery 1021 is less than a coulombic efficiency threshold,
(b) whether a correlation coefficient between the aligned
charging/discharging characteristic and the comparison
characteristic is less than a correlation coefficient threshold,
and/or (c¢) whether a pairwise distance between the aligned
charging/discharging characteristic and the comparison
characteristic is greater than a pairwise distance threshold. In
one embodiment, the correlation coefficient is, for example,
a Pearson’s correlation coefficient. In one embodiment, the
pairwise distance is, for example, an Fuclidean distance. In
one embodiment, a difference between the temperature
information of the battery 1021 and comparison temperature
information of the comparison characteristic is less than a
temperature threshold, e.g., the temperature threshold is £2°
C. In one embodiment, the characteristic calculating module
110 calculates the coulombic efficiency of the battery 1021
according to the charging battery capacity information and
the discharging battery capacity information, e.g., the cou-
lombic efficiency=(discharging battery capacity informa-
tion/charging battery capacity information)*100%. The
characteristic calculating module 110 further determines
whether the coulombic efficiency of the battery 1021 is less
than the coulombic efficiency threshold. In one embodiment,
the coulombic efficiency threshold is 95% to 98%. In one
embodiment, the charging/discharging characteristic is a
differential capacity versus voltage (dQ/dV-V) relationship
during a charging process of the battery 1021, and the
comparison characteristic is a history charging characteristic
of the battery 1021, e.g., the dQ/dV-V relationship during a
previous charging process. The characteristic calculating
module 110 calculates the correlation coefficient according
to the aligned dQ/dV-V relationship during the charging
process and the dQ/dV-V relationship during the previous
charging process. The characteristic calculating module 110
compares the correlation coefficient with the correlation
coefficient threshold to determine whether the correlation
coeflicient is less than the correlation coefficient threshold.
In one embodiment, the correlation coeflicient threshold is
between 0.95 and 1. In one embodiment, the charging/
discharging characteristic is a Q-V relationship during a
charging process of the battery 1021, the comparison char-
acteristic is a history charging characteristic, e.g., a Q-V
relationship during a previous charging process of the bat-
tery 1021. The pairwise distance is calculated according to
the aligned Q-V relationship during the charging process and
the Q-V relationship during the previous charging process.
In one embodiment, a dimensional pairwise distance is first
calculated and a non-dimensional pairwise distance is then
calculated. For example, an Fuclidean distance d(Q, V) of
the Q-V relationship is calculated according to the aligned
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Q-V relationship of the charging process and the Q-V
relationship of the previous charging process, wherein d(Q,
V) is a dimensional pairwise distance; a non-dimensional
pairwise distance=(average pairwise distance/battery capac-
ity )*100%=((d(Q, V)/quantity of data points)/battery capac-
ity)*100%. In this embodiment, the battery capacity is a
changed capacity in the battery during a charging process,
such as a changed capacity in the battery from the beginning
of the charging process to the end of the charging process;
the quantity of data points is the number of data points
during the charging process, e.g., the number of charging
voltage data or charging battery capacity data from the
beginning to the end of the charging process. The charac-
teristic calculating module 110 calculates the non-dimen-
sional pairwise distance, and compares the non-dimensional
pairwise distance with a pairwise distance threshold to
determine whether the non-dimensional pairwise distance is
greater than the pairwise distance threshold. In one embodi-
ment, the pairwise distance threshold is between 2% and
5%.

[0046] In one embodiment, the characteristic calculating
module 110 determines: (a) whether the coulombic effi-
ciency of the battery 1021 is less than a coulombic efficiency
threshold, (b) whether the correlation coefficient between
the aligned charging/discharging characteristic and the com-
parison characteristic is less than the correlation coefficient
threshold, and (c) whether the pairwise distance between the
aligned charging/discharging characteristic and the compari-
son characteristic is greater than the pairwise distance
threshold. If the characteristic calculating module 110 deter-
mines that all of the three above determination conditions
are false, the characteristic calculating module 110 deter-
mines the battery 1021 as normal; if the characteristic
calculating module 110 determines that one or more of the
three determination conditions above is true, the character-
istic calculating module 110 determines the battery 1021 as
abnormal. In one embodiment, the characteristic calculating
module 110 determines (a) whether the coulombic efficiency
of the battery 1021 is less than a coulombic efficiency
threshold, (b) whether the correlation coefficient between
the aligned charging/discharging characteristic and the com-
parison characteristic is less than a correlation coefficient
threshold, or (c) whether the pairwise distance between the
aligned charging/discharging characteristic and the compari-
son characteristic is greater than the pairwise distance
threshold. If the characteristic calculating module 110 deter-
mines that one of the three determination conditions above
is false, the characteristic calculating module 110 determines
the battery 1021 as normal; if the characteristic calculating
module 110 determines that all of the three determination
conditions above are true, the characteristic calculating
module 110 determines the battery 1021 as abnormal. In one
embodiment, the characteristic calculating module 110 may
only determine whether the coulombic efficiency of the
battery 1021 is less than a coulombic efficiency threshold to
determine whether the battery 1021 is normal. In one
embodiment, the characteristic calculating module 110 may
only determine whether the correlation coefficient between
the aligned charging/discharging characteristic and the com-
parison characteristic is less than the correlation coefficient
threshold to determine whether the battery 1021 is normal.
In one embodiment, the characteristic calculating module
110 may only determine whether the pairwise distance
between the aligned charging/discharging characteristic and
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the comparison characteristic is greater than the pairwise
distance threshold to determine whether the battery 1021 is
normal. Step S244 is performed if the determination result
of step S242 is true, otherwise step S246 is performed.
[0047] Instep S244, the ISO resistance calculating module
112 calculates the ISO resistance of the battery 1021. In one
embodiment, the ISO resistance calculating module 112
calculates multiple ISO resistance values, which respec-
tively correspond to multiple voltages in a voltage range. For
example, the ISO resistance calculating module 112 calcu-
lates multiple ISO resistance values corresponding to mul-
tiple charging voltage information respectively during one
charging process, or calculates multiple ISO resistance val-
ues corresponding to multiple discharging voltage informa-
tion respectively during one discharging process. In one
embodiment, the voltage range is included in the charging
process or the discharging process.

[0048] In step S246, the characteristic calculating module
110 determines the battery 1021 as normal. The battery 1021
can be used normally and/or can be charged and discharged
normally.

[0049] FIG. 3A to FIG. 3E show simulation schematic
diagrams of a method for detecting ISO resistance of a
battery according to an embodiment. Referring to FIG. 1A,
FIG. 1D, FIG. 2A, FIG. 2B and FIG. 3A to FIG. 3E, in step
S210, the DAQ module 106 measures charging/discharging
information of the battery 1021. In this embodiment, the
charging/discharging information of the battery 1021 is
charging information of a charging process. The charging
information includes charging voltage information, charging
current information, charging time information and charging
battery temperature information. The comparison character-
istic is a history charging characteristic of the battery 1021,
and the history charging characteristic is stored in the
storage unit 108.

[0050] In step S220, the characteristic calculating module
110 calculates the charging/discharging characteristic of the
battery 1021 according to the charging/discharging infor-
mation. In this embodiment, the charging/discharging char-
acteristic includes a first charging/discharging characteristic
and a second charging/discharging characteristic. The first
charging/discharging characteristic is a dQ/dV-V relation-
ship during the charging process, and the second charging/
discharging characteristic is a Q-V relationship during the
charging process. The characteristic calculating module 110
calculates the charging battery capacity information accord-
ing to the charging current information and the charging
time information. In FIG. 3A, the vertical axis is the battery
capacity and the horizontal axis is the voltage. The charac-
teristic calculating module 110 draws a Q-V relationship
curve 304 during the charging process. In one embodiment,
the characteristic calculating module 110 further draws a
Q-V relationship curve 302 during a previous charging
process. In one embodiment, the Q-V relationship curve 302
of'the previous charging process may be stored in the storage
unit 108.

[0051] The characteristic calculating module 110 differ-
entiates the charging battery capacity information with
respect to the charging voltage information, so as to obtain
charging differential capacity information. In FIG. 3B, the
vertical axis is the differential capacity and the horizontal
axis is the voltage. The characteristic calculating module 110
draws a dQ/dV-V relationship curve 314 during a charging
process. In one embodiment, the characteristic calculating
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module 110 further draws a dQ/dV-V relationship curve 312
during a previous charging process. In one embodiment, the
dQ/dV-V relationship curve 312 of the previous charging
process may be stored in the storage unit 108.

[0052] In step S230, the characteristic calculating module
110 aligns the charging/discharging characteristic of the
battery 1021 according to the comparison characteristic
point of the comparison characteristic, so as to obtain an
aligned charging/discharging characteristic. In this embodi-
ment, the characteristic calculating module 110 aligns the
first charging/discharging characteristic of the battery 1021
according to the comparison characteristic point of the
comparison characteristic, so as to obtain an aligned first
charging/discharging characteristic. The characteristic cal-
culating module 110 then aligns the second charging/dis-
charging characteristic according to the aligned first charg-
ing/discharging characteristic, so as to obtain an aligned
second charging/discharging characteristic. More specifi-
cally, the characteristic calculating module 110 aligns a first
local maximum point 314 A, a second local maximum point
314B and a third local maximum point 314C of the dQ/dV-V
relationship curve 314 of the charging process in FIG. 3B
with a first local maximum point 312A, a second local
maximum point 312B and a third local maximum point
312C of the dQ/dV-V relationship curve 312 of the previous
charging process respectively. For example, the dQ/dV-V
relationship curve 314 is left shifted to obtain an aligned
dQ/dV-V relationship curve 314' of the charging process, as
shown in FIG. 3C. Referring to FIG. 3C, the first local
maximum point 314A, the second local maximum point
314B and the third local maximum point 314C of the
dQ/dV-V relationship curve 314 of the charging process in
FIG. 3B are corresponding to a first local maximum point
314A', a second local maximum point 314B' and a third local
maximum point 314C' of the aligned dQ/dV-V relationship
curve 314' of the charging process in FIG. 3C respectively.
Further, the horizontal-axis coordinates of the first local
maximum point 314A', the second local maximum point
314B' and the third local maximum point 314C' of the
aligned dQ/dV-V relationship curve 314' of the charging
process are substantially identical to the horizontal-axis
coordinates of the first local maximum point 312A, the
second local maximum point 312B and the third local
maximum point 312C of the dQ/dV-V relationship curve
312 of the previous charging process respectively.

[0053] The characteristic calculating module 110 further
aligns the Q-V relationship curve 304 of the charging
process according to the aligned dQ/dV-V relationship curve
314’ of the charging process, so as to obtain an aligned Q-V
relationship curve 304' of the charging process. For
example, based on a difference between the horizontal-axis
coordinate of the first local maximum point 314A of the
dQ/dV-V relationship curve 314 of the charging process and
the horizontal-axis coordinate of the first local maximum
point 314A' of the aligned dQ/dV-V relationship curve 314'
of the charging process, the characteristic calculating mod-
ule 110 shifts the Q-V relationship curve 304 of the charging
process to the left to obtain an aligned Q-V relationship
curve 304' of the charging process, as shown in FIG. 3D.
Aligned charging information can be obtained after the
alignment. In this embodiment, aligned charging voltage
information and aligned charging battery capacity informa-
tion can be obtained after the alignment.
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[0054] In step S240, the characteristic calculating module
110 determines whether the battery 1021 is normal accord-
ing to the aligned charging/discharging characteristic or the
coulombic efficiency of the battery 1021; when the battery
1021 is determined as abnormal, the ISO resistance calcu-
lating module 112 calculates aligned charging/discharging
information, and calculates the ISO resistance of the battery
1021 according to the aligned charging/discharging infor-
mation. Details for determining whether the battery 1021 is
normal may be referred to the description of step S242 in
FIG. 2. In this embodiment, details for calculating the ISO
resistance of the battery 1021 are given below. As shown in
FIG. 3D, the aligned charging battery capacity information
corresponding to the aligned charging voltage V| is Q_,, the
battery capacity information of the comparison characteris-
tic corresponding to the aligned charging voltage V, is Q,,,
the aligned charging battery capacity information corre-
sponding to the aligned charging voltage V, is Q_,, and the
battery capacity information of the comparison characteris-
tic corresponding to the aligned charging voltage V, is Q, .
In an interval of being charged from the aligned charging
voltage V, to the aligned charging voltage V,, the battery
capacity difference is AQ,,~(Qu-Q.)~(Q.-Q,,). The
charging time information corresponding to the aligned
charging voltage V, is t;, the charging time information
corresponding to the aligned charging voltage V, is t,. In an
interval of being charged from the aligned charging voltage
V, to the aligned charging voltage V,, a charging time
difference is At=t,-t,, and a current of the internal short
circuit I, ,=AQ,,/At. The resistance of the internal short
circuit 15 R, .15= Vi1 2/ Lise1 5= Vise12/(AQ ,/At). In this
embodiment, V, ., may be V, or V,, or may be an average
of'V, and V,. A relationship curve 346 of the calculated ISO
resistance values and the aligned charging voltage is shown
in FIG. 3E. In one embodiment, the ISO resistance calcu-
lating module 112 calculates multiple calculated ISO resis-
tance values in the charging voltage range, wherein the
multiple calculated ISO resistance values have a correspond-
ing relationship with the aligned charging voltages in the
charging voltage range. In one embodiment, the charging
voltage range may include all voltages during the charging
process, or may include part of the voltages during the
charging process. For example, assuming that the charging
process is charging from 3.25 V to 4.2 V, all of the ISO
resistance values corresponding to the range between 3.25V
and 4.2 V may be calculated, or only the ISO resistance
values corresponding to the range between 3.62 V and 4.12
V may be calculated. In one embodiment, the ISO resistance
values corresponding to all measured voltages in the charg-
ing process can be calculated in one charging process.

[0055] FIG. 4A to FIG. 4E show simulation schematic
diagrams of a method for detecting ISO resistance of a
battery according to another embodiment. Referring to FIG.
1A, FIG. 1D, FIG. 2A, FIG. 2B and FIG. 4A to FIG. 4E, in
step S210, the DAQ module 106 measures charging/dis-
charging information of the battery 1021. In this embodi-
ment, the charging/discharging information of the battery
1021 is discharging information during a discharging pro-
cess. The discharging information includes discharging volt-
age information, discharging current information, discharg-
ing time information and discharging battery temperature
information. In this embodiment, the comparison character-
istic is a charging characteristic of the battery 1021. In one
embodiment, the charging characteristic may be stored in
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advance in the storage unit 108. In another embodiment, the
characteristic calculating module 110 calculates the charging
characteristic according to the charging information during
the charging process. The charging information includes
charging voltage information, charging current information,
charging time information and charging battery temperature
information. In one embodiment, one charging process may
be first performed on the battery 1021 to obtain the charging
information, and then one discharging process may be
performed to obtain the discharging information. Alterna-
tively, one discharging process may be first performed on the
battery 1021 to obtain the discharging information, and then
one charging process may be performed to obtain the
charging information.

[0056] In step S220, the characteristic calculating module
110 calculates the charging/discharging characteristic of the
battery 1021 according to the charging/discharging infor-
mation. In this embodiment, the charging/discharging char-
acteristic includes a first charging/discharging characteristic
and a second charging/discharging characteristic. The first
charging/discharging characteristic is a dQ/dV-V relation-
ship of a discharging process, and the second charging/
discharging characteristic is a Q-V relationship of the dis-
charging process. The comparison characteristic includes a
first comparison characteristic and a second comparison
characteristic. The first comparison characteristic is a
dQ/dV-V relationship of a charging process, and the second
comparison characteristic is a Q-V relationship of the charg-
ing process. The characteristic calculating module 110 cal-
culates the discharging battery capacity information accord-
ing to the discharging current information and the
discharging time information. In FIG. 4A, the vertical axis
is the battery capacity and the horizontal axis is the voltage.
The characteristic calculating module 110 draws a Q-V
relationship curve 404 of the discharging process. In one
embodiment, the characteristic calculating module 110 fur-
ther draws a Q-V relationship curve 402 of the charging
process. In one embodiment, the Q-V relationship curve 402
of the charging process may be stored in the storage unit
108.

[0057] The characteristic calculating module 110 differ-
entiates the discharging battery capacity information with
respect to the discharging voltage information to obtain
discharging differential capacity information. In FIG. 4B,
the vertical axis is the differential capacity and the horizontal
axis is the voltage. The characteristic calculating module 110
draws a dQ/dV-V relationship curve 414 of the discharging
process. In one embodiment, the characteristic calculating
module 110 also draws a dQ/dV-V relationship curve 412 of
a charging process. In one embodiment, the dQ/dV-V rela-
tionship curve 412 of the charging process may be stored in
the storage unit 108.

[0058] In step S230, the characteristic calculating module
110 aligns the charging/discharging characteristic of the
battery 1021 according to the comparison characteristic
point of the comparison characteristic, so as to obtain the
aligned charging/discharging characteristic. In this embodi-
ment, the characteristic calculating module 110 aligns the
first charging/discharging characteristic of the battery 1021
according to the comparison characteristic point of the first
comparison characteristic, so as to obtain the aligned first
charging/discharging characteristic. The characteristic cal-
culating module 110 then aligns the second charging/dis-
charging characteristic according to the aligned first charg-

Jun. 6, 2019

ing/discharging characteristic, so as to obtain the aligned
second charging/discharging characteristic. More specifi-
cally, the characteristic calculating module 110 aligns a first
local maximum point 414A of the dQ/dV-V relationship
curve 414 of the discharging process in FIG. 4B with a first
local maximum point 412A of the dQ/dV-V relationship
curve 412 of the charging process. For example, the
dQ/dV-V relationship curve 414 of the discharging process
is right shifted by a displacement d, such that the first local
maximum point 414A of the dQ/dV-V relationship curve
414 of the discharging process and the first local maximum
point 412A of the dQ/dV-V relationship curve 412 of the
charging process have the same horizontal-axis coordinate.
An aligned dQ/d V-V relationship curve 414' of a discharging
process is obtained as shown in FIG. 4C. After the align-
ment, the first local maximum point 414A of the dQ/dV-V
relationship curve 414 of the discharging process in FIG. 4B
becomes the first local maximum point 414 A" of the aligned
dQ/dV-V relationship curve 414' of the discharging process
in FIG. 4C.

[0059] The characteristic calculating module 110 aligns
the Q-V relationship curve 404 of the discharging process
according to the aligned dQ/dV-V relationship curve 414' of
the discharging process, so as to obtain an aligned Q-V
relationship curve 404' of the discharging process. For
example, the characteristic calculating module 110 shifts the
Q-V relationship curve 404 of the discharging process to
right by the displacement d to obtain the aligned Q-V
relationship curve 404' of the discharging process, as shown
in FIG. 4D. After the alignment, the aligned discharging
information can be obtained. In this embodiment, the
aligned discharging voltage information and the aligned
discharging battery capacity information can be obtained
after the alignment.

[0060] In step S240, the characteristic calculating module
110 determines whether the battery 1021 is normal accord-
ing to the aligned charging/discharging characteristic or the
coulombic efficiency of the battery 1021; when the battery
1021 is determined as abnormal, the ISC resistance calcu-
lating module 112 calculates aligned charging/discharging
information, and calculates the ISC resistance of the battery
1021 according to the aligned charging/discharging infor-
mation. Details for determining whether the battery 1021 is
normal can be referred to the description of step S242 in
FIG. 2B. In this embodiment, details for calculating the ISC
resistance are given as below. As shown in FIG. 4D, the
aligned discharging battery capacity information corre-
sponding to the aligned discharging voltage V; is Q;, the
charging battery capacity information corresponding to the
aligned discharging voltage V; is Q_;, the aligned discharg-
ing battery capacity information corresponding to the
aligned discharging voltage V, is Q_,, and the charging
battery capacity information corresponding to the aligned
discharging voltage V,, is Q_,. In an interval from the aligned
discharging voltage V; to the aligned discharging voltage
V., the charging battery capacity difference is AQ_;,=(Q_,—
Q_;). The charging battery capacity difference may also be
expressed as AQ_;,=(AQ,+AQ_,..). The aligned discharging
battery capacity difference is AQ ;5,=(Q ,—Q ;). The aligned
discharging battery capacity difference may also be
expressed as AQ ;,=(AQ,-AQ,..). Wherein AQ, is a nor-
mal charging battery capacity or a normal discharging
battery capacity in an interval from the aligned discharging
voltage V; to the aligned discharging voltage V, when the
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battery 1021 is normal. The normal charging battery capac-
ity is equal to the normal discharging battery capacity, AQ.,...
is a charging battery capacity caused by an internal short
circuit of the battery in an interval of being charged from the
aligned discharging voltage V; to the aligned discharging
voltage V,; and AQ, . is a discharging battery capacity
caused by an internal short circuit of the battery in an
interval of being discharged from the aligned discharging
voltage V, to the aligned discharging voltage V. Further, in
the charging process, the charging time information corre-
sponding to the aligned discharging voltage V; is t_;, and the
charging time information corresponding to the aligned
discharging voltage V,, is t_,. In the discharging process, the
discharging time information corresponding to the aligned
discharging voltage V; is t,, and the discharging time
information corresponding to the aligned discharging volt-
age V, is t . In the interval of being charged from the
aligned discharging voltage V; to the aligned discharging
voltage V,,, a charging time difference is At =t_,~t_;. In the
interval of being discharged from the aligned discharging
voltage V,, to the aligned discharging voltage V, a discharg-
ing time difference is At,~t =t . The current of the internal
short circuit is I, 3,=(AQ_,..+AQ ;.. ) (At +At )=((AQ,+
AQcisc)_(AQVI_AQdisc))/(Atc+Atd):(AQc34_AQd34)/(Atc+
At;). The resistance of the internal short circuit is
Rise34™Viseaalisesa™Viseaal (8Quas=AQ ) /(AL +ALy)).  In
this embodiment, V,, ;, may be V5 or V,, or may be an
average of V; and V,. A relationship curve 446 of the
calculated ISO resistance versus the aligned discharging
voltage is shown in FIG. 4E. In one embodiment, the ISO
resistance calculating module 112 calculates multiple cal-
culated ISO resistance values in the discharging voltage
range, wherein the multiple calculated ISO resistance values
have a corresponding relationship with the aligned discharg-
ing voltages in the discharging voltage range. In one
embodiment, the discharging voltage range may include all
voltages in the discharging process, or may include part of
the voltages in the discharging process. For example, assum-
ing that the discharging process is discharging from 4.2 V to
3.2V, all of the ISO resistance values corresponding to the
range between 4.2 V and 3.2 V may be calculated, or only
the ISO resistance values corresponding to the range
between 4.152 V and 3.9 V may be calculated. In one
embodiment, the ISO resistance values corresponding to all
measured voltages in the discharging process can be calcu-
lated in one discharging process.

[0061] FIG. 5A shows a flowchart of a method for deter-
mining a discharging process of the battery 1021 according
to an embodiment. Referring to FIG. 1B, FIG. 1D and FIG.
5A, details of steps S210, S220 and S230 in FIG. 5A may be
referred to the description associated with FIG. 1A, FIG. 2B,
FIG. 3A to FIG. 3E, and FIG. 4A to FIG. 4E.

[0062] In this embodiment, step S250 is performed after
step S230. In step S250, the characteristic calculating mod-
ule 110 is configured to determine whether the battery 1021
is normal according to the aligned charging/discharging
characteristic or the coulombic efficiency of the battery
1021; when the battery 1021 is determined as abnormal, the
safety probability calculating module 114 is configured to
calculate a safety probability of the battery 1021 according
to the aligned charging/discharging characteristic and the
ISO resistance of the battery 1021. The ISO resistance of the
battery 1021 may be calculated according to the above
embodiments, or may be fetched from the storage unit 108.
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[0063] Step S260 is performed after step S250. In step
S260, the safety probability calculating module 114 is con-
figured to determine a discharging process of the battery
1021 according to the safety probability of the battery 1021.

[0064] FIG. 5B shows a detailed flowchart of step S250
according to an embodiment. Referring to FIG. 1B, FIG. 1D
and FIG. 5B, step S250 includes steps S252, S254 and S256.
Details of step S252 may be referred to the description
associated with step S242 in FIG. 2B. Step S254 is per-
formed if the determination result of step S252 is true,
otherwise step S256 is performed. In one embodiment, if the
determination result of step S252 is true, the battery 1021 is
no longer charged.

[0065] In step S254, the safety probability calculating
module 114 calculates (a) a correlation coefficient safety
probability of the battery 1021 according to a correlation
coeflicient between the aligned charging/discharging char-
acteristic and the comparison characteristic, and/or (b) a
pairwise distance safety probability of the battery 1021
according to a pairwise distance between the aligned charg-
ing/discharging characteristic and the comparison character-
istic. In one embodiment, the charging/discharging charac-
teristic is a Q-V relationship of a charging process of the
battery 1021, and the comparison characteristic is a history
charging characteristic, e.g., a Q-V relationship of a previous
charging process of the battery 1021. In step S252, the
pairwise distance of the battery 1021 is calculated according
to the aligned Q-V relationship of the charging process and
the Q-V relationship of the previous charging process. In
step S254, the safety probability calculating module 114
constructs a pairwise distance graph by taking the value of
the pairwise distance as the vertical axis and taking the
resistance or the logarithm of the resistance as the horizontal
axis. The safety probability calculating module 114 marks
the pairwise distance of the battery 1021 and the ISO
resistance of the battery 1021 in the pairwise distance graph
of the battery 1021, and determines a pairwise distance
safety determination range. In one embodiment, the storage
unit 108 stores multiple pairwise distance information, e.g.,
history pairwise distances of the battery 1021 and the
corresponding ISO resistance values, or pairwise distances
of another battery and the corresponding ISO resistance
values. For example, the another battery is a battery of the
same manufacturer brand and/or of the same model as the
battery 1021. The safety probability calculating module 114
calculates the pairwise distance safety probability of the
battery 1021 according to the pairwise distance information
in the pairwise distance safety determination range. In one
embodiment, the safety probability calculating module 114
calculates the pairwise distance safety probability of the
battery 1021 according to danger levels and quantity of
events in the pairwise distance information in the pairwise
distance safety determination range. In one embodiment, the
safety probability calculating module 114 stores the pairwise
distance of the battery 1021, the corresponding ISO resis-
tance values of the battery 1021, and/or the events of the
battery 1021 (e.g., “abnormal but safe”, “abnormal and
overheated”, or “abnormal and burned”) in the storage unit
108 to serve as one set of pairwise distance information for
the next determination.

[0066] Inone embodiment, the charging/discharging char-
acteristic is a dQ/dV-V relationship of a charging process of
the battery 1021, and the comparison characteristic is a
history charging characteristic of the battery 1021, e.g., a
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dQ/dV-V relationship of a previous charging process. In step
S252, the characteristic calculating module 110 calculates
the correlation coefficient of the battery 1021 according to
the aligned dQ/dV-V relationship of the charging process
and the dQ/dV-V relationship of the previous charging
process. In step S254, the safety probability calculating
module 114 constructs a correlation coefficient graph by
taking the number of correlation coefficients as the vertical
axis and the resistance or the logarithm of the resistance as
the horizontal axis, The safety probability calculating mod-
ule 114 marks the correlation coefficients of the battery 1021
and the ISO resistance values of the battery 1021 in the
correlation coefficient graph, and determines a correlation
coeflicient safety determination range. In one embodiment,
the storage unit 108 stores multiple correlation coefficient
information, e.g., history correlation coefficients of the bat-
tery 1021 and the corresponding ISO resistance values, or
correlation coeflicients of another battery and the corre-
sponding ISO resistance values. For example, the another
battery is a battery of the same manufacturer brand and/or of
the same model as the battery 1021. The safety probability
calculating module 114 calculates the correlation coeflicient
safety probability of the battery 1021 according to correla-
tion coefficient information in the correlation coefficient
safety determination range. In one embodiment, the safety
probability calculating module 114 calculates the correlation
coeflicient safety probability of the battery 1021 according
to danger levels and quantity of events in the correlation
coeflicient information in the correlation coefficient safety
determination range. In one embodiment, the safety prob-
ability calculating module 114 stores the correlation coeffi-
cients of the battery 1021 and the corresponding ISO resis-
tance values of the battery 1021 and/or the events of the
battery 1021 (e.g., “abnormal but safe”, “abnormal and
overheated”, or “abnormal and burned”) in the storage unit
108 to serve as one set of correlation coefficient information
for the next determination.

[0067] In step S256, the characteristic calculating module
110 determines the battery 1021 as normal. The battery 1021
can be used normally and/or can be charged and discharged
normally. In one embodiment, the safety probability calcu-
lating module 114 stores the pairwise distances of the battery
1021, the corresponding ISC resistance values of the battery
1021, and/or events of the battery 1021 (e.g., “normal”) in
the storage unit 108 to serve as one set of pairwise distance
information for the next determination. In one embodiment,
the safety probability calculating module 114 stores the
correlation coefficients of the battery 1021, the correspond-
ing ISC resistance values of the battery 1021, and/or events
of the battery 1021 (e.g., “normal”) in the storage unit 108
to serve as one set of correlation coefficient information for
the next determination.

[0068] FIG. 5C shows a detailed flowchart of step S260
according to an embodiment. Referring to FIG. 1B, FIG. 1D
and FIG. 5C, step S260 includes steps S262, S264 and S266.
[0069] In step S262, the safety probability calculating
module 114 determines (a) whether the correlation coeffi-
cient safety probability is greater than a correlation coeffi-
cient safety probability threshold, and/or (b) whether the
pairwise distance safety probability is greater than a pair-
wise distance safety probability threshold. In one embodi-
ment, the safety probability calculating module 114 evalu-
ates the correlation coefficient safety probability and the
pairwise distance safety probability. The determination
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result of step S262 is true if the correlation coefficient safety
probability is greater than the correlation coefficient safety
probability threshold and the pairwise distance safety prob-
ability is greater than the pairwise distance safety probability
threshold. The determination result of step S262 is false if
one of the correlation coefficient safety probability and the
pairwise distance safety probability is not greater than the
respective threshold. In one embodiment, if the safety prob-
ability calculating module 114 determines that the correla-
tion coefficient safety probability is greater than the corre-
lation coeflicient safety probability threshold, the
determination result of step S262 is true, where the pairwise
distance safety probability does not need to be evaluated. In
one embodiment, if the safety probability calculating mod-
ule 114 determines that the pairwise distance safety prob-
ability is greater than the pairwise distance safety probability
threshold, the determination result of step S262 is true,
where the correlation coefficient safety probability does not
need to be evaluated. Step S266 is performed if the deter-
mination result of step S262 is true, otherwise step S264 is
performed.

[0070] In step S264, the battery 1021 is discharged by an
abnormal discharging circuit 116. In one embodiment, the
battery 1021 is no longer charged after it has been dis-
charged. In one embodiment, referring to FIG. 1D, by using
the switch 1164, the first end 1162A of the variable resistor
1162 and the first end 102A of the battery 1021 are con-
nected, and the second end 1162B of the variable resistor
1162 and the second end 102B of the battery 1021 are
connected, such that the battery 1021 is discharged to the
variable resistor 1162.

[0071] In step S266, the battery 1021 is normally dis-
charged. In one embodiment, the battery 1021 is normally
used, and the battery 1021 is no longer charged after it has
been discharged. For example, the battery 1021 is a battery
in a cell phone. The cell phone can be used normally until
the power in the battery 1021 is depleted and then the battery
1021 is no longer charged. In one embodiment, referring to
FIG. 1D, by using the switch 1164, the variable resistor 1162
and the battery 1021 are not connected with each other, such
that the battery 1021 is discharged normally.

[0072] FIG. 6A shows a pairwise distance graph 600 of the
battery 1021 according to an embodiment. Refer to FIG. 1B,
FIG. 1D, FIG. 5A to FIG. 5C and FIG. 6A. In FIG. 6A, the
horizontal axis (X-axis) represents the logarithm with base
10 (log,, R) of the resistance, and the vertical axis (Y-axis)
represents the pairwise distance value. In one embodiment,
the base of the logarithm of the resistance may be 2 or other
values instead of 10. In this embodiment, the battery 1021 is
determined as abnormal in step S252. The pairwise distance
of the battery 1021 and the ISC resistance value of the
battery 1021 is marked in the pairwise distance graph 600 as
an abnormal point 602 in step S254. In the pairwise distance
graph 600, in addition to the abnormal point 602, multiple
pieces of pairwise distance information are further included.
In this embodiment, the pairwise distance information of a
battery of the same manufacturer brand and the same model
as the battery 1021 is also marked in the pairwise distance
graph 600. The pairwise distance information is categorized
into “normal”, “abnormal but no safety event”, “abnormal
and overheated”, and “abnormal and burned”. For example,
“normal” represents being determined as normal in a pre-
vious measurement, “abnormal but no safety event” repre-
sents being determined as abnormal in the previous mea-
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surement but no safety event was incurred, “abnormal and
overheated” represents being determined as abnormal in the
previous measurement and the battery was overheated, and
“abnormal and burned” represents being determined as
abnormal in the previous measurement and burning took
place. In the pairwise distance graph 600, the abnormal point
602 is used as the basis, and the pairwise distance safety
determination range 604 is constructed according to a mea-
surement error, a calculation error and/or a predetermined
error value. In this embodiment, the coordinates of the
abnormal point 602 are (X5, Yeo,). There are a first
resistance error R ;; and a second resistance error R ;, on the
X-axis, and there are a first pairwise distance error D, and
a second pairwise distance error D, on the Y-axis. Using the
abnormal point 602 as the basis, the pairwise distance safety
determination range 604 is constructed between the X-axis
coordinates (X40,—-R,;) and (X40,+R ;) and between the
Y-axis coordinates (Y4,,—-D,) and (Ygq,+D,). In one
embodiment, the first resistance error R, and the second
resistance error R ,, may be the same or different, and the
first pairwise distance error D, and the second pairwise
distance error D, may be the same or different.

[0073] In one embodiment, the pairwise distance safety
probability is ((quantity of normal+quantity of abnormal but
no safety events)/(quantity of normal+quantity of abnormal
but no safety events+quantity of abnormal and overheated+
quantity of abnormal and burned))*100%; the pairwise
distance safety probability threshold is 90%. The safety
probability calculating module 114 counts 7 pieces of pair-
wise distance information within the pairwise distance
safety determination range 604. Among the 7 pieces of
pairwise distance information, 0 is “normal”, 4 are “abnor-
mal but no safety event”, 3 are “abnormal and overheated”,
and 0 is “abnormal and burned”. Thus, the safety probability
calculating module 114 calculates the pairwise distance
safety probability as ((0+4)/(0+4+3+0))*100%=(4/7)
*100%. In this embodiment, the pairwise distance safety
probability is about 57%. Thus, in step S262, the safety
probability calculating module 114 determines that the pair-
wise distance safety probability is not greater than the
pairwise distance safety probability threshold, and step S264
is performed to discharge the battery 1021 by the abnormal
discharging circuit 116.

[0074] FIG. 6B shows a correlation coefficient graph 610
of the battery 1021 according to an embodiment. Refer to
FIG. 1B, FIG. 1D, FIG. 5A to FIG. 5C and FIG. 6B. In FIG.
6B, the horizontal axis (X-axis) represents the logarithm
with base 10 (log,, R) of the resistance, and the vertical axis
(Y-axis) represents the correlation coefficient. In one
embodiment, the base of the logarithm of the resistance may
be 2 or other values instead of 10. In this embodiment, the
battery 1021 is determined as abnormal in step S252. The
correlation coeflicient of the battery 1021 and the ISO
resistance value of the battery 1021 is marked in the corre-
lation coefficient graph 610 as an abnormal point 612 in step
S254. In the correlation coefficient graph 610, in addition to
the abnormal point 612, multiple pieces of correlation coef-
ficient information are further included. In this embodiment,
the correlation coefficient information of a battery of the
same manufacturer brand and the same model as the battery
1021 is also marked in the correlation coefficient graph 610.
The correlation coefficient information is categorized into
“normal”, “abnormal but no safety event”, “abnormal and
overheated”, and “abnormal and burned”. For example,
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“normal” represents being determined as normal in a pre-
vious measurement, “abnormal but no safety event” repre-
sents being determined as abnormal in the previous mea-
surement but no safety event was incurred, “abnormal and
overheated” represents being determined as abnormal in the
previous measurement and the battery was overheated, and
“abnormal and burned” represents being determined as
abnormal in the previous measurement and burning took
place. In the correlation coefficient graph 610, the abnormal
point 612 is used as the basis, and a correlation coefficient
safety determination range 614 is constructed according to a
measurement error, a calculation error and/or a predeter-
mined error value. In this embodiment, the coordinates of
the abnormal point 612 are (Xg4;,, Yg;,). There are a third
resistance error R ;; and a fourth resistance error R ;, on the
X-axis, and there are a first correlation coefficient error C
and a second correlation coefficient error C,, on the Y-axis.
Using the abnormal point 612 as the basis, the correlation
coeflicient safety determination range 614 is constructed
between the X-axis coordinates (X4;,~-R ;) and (X4,,+R )
and between the Y-axis coordinates (Y4,,-C,,) and (Y, +
C ). In one embodiment, the third resistance error R ;; and
the fourth resistance error R 5, may be the same or different,
and the first correlation coefficient error C,, and the second
correlation coefficient error C,, may be the same or differ-
ent.

[0075] In one embodiment, the correlation coeflicient
safety probability is ((quantity of normal+quantity of abnor-
mal but no safety event)/(quantity of normal+quantity of
abnormal but no safety event+quantity of abnormal and
overheated+quantity of abnormal and burned))*100%; the
correlation coeflicient safety probability threshold is 90%.
The safety probability calculating module 114 counts 2
pieces of correlation coefficient information within the cor-
relation coefficient safety determination range 614. Among
the 2 pieces of pairwise distance information, 0 is “normal”,
2 are “abnormal but no safety event”, 0 is “abnormal and
overheated”, and 0 is “abnormal and burned”. Thus, the
safety probability calculating module 114 calculates the
correlation coeflicient safety probability as ((0+2)/(0+2+0+
0))*100%=100%. In this embodiment, the correlation coef-
ficient safety probability is 100%. Thus, in step S262, the
safety probability calculating module 114 determines that
the correlation coefficient safety probability is greater than
the correlation coefficient safety probability threshold, and
step S266 is performed to normally discharge the battery
1021.

[0076] FIG. 7 shows a flowchart of a method for deter-
mining a discharging process of the battery 1021 according
to an embodiment. Please also refer to FIG. 1B, FIG. 1D,
FIG. 5A to FIG. 5C, FIG. 6A, FIG. 6B and FIG. 7. In step
S710, the characteristic calculating module 110 determines
the battery 1021 as abnormal. In step S720, the safety
probability calculating module 114 is configured to deter-
mine a safety determination range according to (a) the
relationship between the battery capacity and resistance of
the battery 1021 and/or (b) the relationship between the
differential capacity and resistance of the battery 1021. The
safety probability calculating module 114 is also configured
to calculate the safety probability of the battery according to
the quantity and danger levels of multiple event information
in the safety determination range. In step S730, the safety
probability calculating module 114 determines the discharg-
ing process of the battery 1021 according to the safety
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probability of the battery 1021. In one embodiment, the
battery 1021 is discharged according to the discharging
process. The safety determination range may be a pairwise
distance safety determination range and/or a correlation
coeflicient safety determination range. The multiple event
information may be pairwise distance information and/or
correlation coefficient information. Details of this embodi-
ment may be referred to the description associated with FIG.
1B, FIG. 1D, FIG. 5A to FIG. 5C, FIG. 6A and FIG. 6B.
[0077] FIG. 8 shows a flowchart of a method for detecting
ISC resistance of the battery 1021 and a method for deter-
mining a discharging process of the battery 1021 according
an embodiment. Referring to FIG. 10, FIG. 1D and FIG. 8,
in step S210, the DAQ module 106 measures charging/
discharging information of the battery 1021. In step S220,
the characteristic calculating module 110 calculates a charg-
ing/discharging characteristic according to the charging/
discharging information of the battery 1021. In step S230,
the characteristic calculating module 110 aligns the charg-
ing/discharging characteristic of the battery 1021 according
to a comparison characteristic point of a comparison char-
acteristic, so as to obtain an aligned charging/discharging
characteristic. In step S240, the characteristic calculating
module 110 determines whether the battery 1021 is normal
according to the aligned charging/discharging characteristic
of the battery 1021 or a coulombic efficiency of the battery
1021. When the battery 1021 is determined as abnormal, the
ISO resistance calculating module 112 calculates the aligned
charging/discharging information, and calculates the ISO
resistance of the battery 1021 according to the aligned
charging/discharging information. In step S270, the safety
probability calculating module 114 determines the safety
probability of the battery 1021 by using the ISO resistance
of the battery 1021. In step S280, the safety probability
calculating module 114 is configured to determine a dis-
charging process of the battery 1021 according to the safety
probability. Details of this embodiment may be referred to
the description of the foregoing embodiments.

[0078] According to an embodiment, a function of detect-
ing an internal short circuit of a battery at an early stage is
provided. Thus, a battery system is able to detect whether a
characteristic in a charging or discharging interval is
changed during a charging or discharging process, so as to
further analyze whether an internal short circuit occurs and
calculate the resistance of the internal short circuit

[0079] According to an embodiment, a function of detect-
ing an internal short circuit of a battery at an early stage is
provided. Thus, a battery system is able to detect whether a
characteristic in a charging or discharging interval is
changed during a charging or discharging process, such that
a safety probability value can be calculated when the inter-
nal short circuit is moderate at an early stage, so as to
provide appropriate early warning and reactive measures.
[0080] It will be apparent to those skilled in the art that
various modifications and variations can be made to the
disclosed embodiments. It is intended that the specification
and examples be considered as exemplary only, with a true
scope of the disclosure being indicated by the following
claims and their equivalents.

What is claimed is:
1. A method for detecting resistance of an internal short
circuit of a battery, comprising:
measuring charging/discharging information of the bat-
tery, wherein the charging/discharging information
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comprises voltage information, current information,
time information or battery temperature information;

calculating a charging/discharging characteristic of the
battery according to the charging/discharging informa-
tion, wherein the charging/discharging characteristic
comprises a relationship between battery capacity
information of the battery and the voltage information
of the battery;

aligning the charging/discharging characteristic of the

battery according to a comparison characteristic point
of a comparison characteristic to obtain an aligned
charging/discharging characteristic; and

determining whether the battery is normal according to

the aligned charging/discharging characteristic or a
coulombic efficiency of the battery, and when the
battery is determined as abnormal, calculating aligned
charging/discharging information of the battery accord-
ing to the aligned charging/discharging characteristic,
and calculating the resistance of the internal short
circuit of the battery according to the aligned charging/
discharging information, wherein the aligned charging/
discharging information comprises aligned voltage
information, aligned current information, aligned bat-
tery capacity information or aligned time information.

2. The method for detecting the resistance of the internal
short circuit of the battery according to claim 1, wherein the
step of calculating the charging/discharging characteristic of
the battery according to the charging/discharging informa-
tion comprises:

calculating the battery capacity information of the battery

according to the current information and the time
information of the battery; and

drawing a battery capacity versus voltage relationship

curve to obtain a battery capacity versus voltage rela-
tionship.

3. The method for detecting the resistance of the internal
short circuit of the battery according to claim 2, wherein the
step of calculating the charging/discharging characteristic of
the battery according to the charging/discharging informa-
tion further comprises:

differentiating the battery capacity information with

respect to the voltage information to obtain a differen-
tial capacity information; and

drawing a differential capacity versus voltage relationship

curve to obtain a differential capacity versus voltage
relationship.

4. The method for detecting the resistance of the internal
short circuit of the battery according to claim 1, wherein the
step of aligning the charging/discharging characteristic of
the battery according to the comparison characteristic point
of the comparison characteristic to obtain the aligned charg-
ing/discharging characteristic comprises:

aligning a charging/discharging characteristic point of the

charging/discharging characteristic of the battery with
the comparison characteristic point of the comparison
characteristic to obtain the aligned charging/discharg-
ing characteristic.

5. The method for detecting the resistance of the internal
short circuit of the battery according to claim 4, wherein the
charging/discharging characteristic comprises a relationship
curve, the relationship curve of the charging/discharging
characteristic comprises the charging/discharging character-
istic point, and the step of aligning the charging/discharging
characteristic of the battery according to the comparison
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characteristic point of the comparison characteristic to
obtain the aligned charging/discharging characteristic com-
prises:
shifting the relationship curve of the charging/discharging
characteristic such that a horizontal-axis coordinate or
a vertical-axis coordinate of the charging/discharging
characteristic point of the relationship curve of the
charging/discharging characteristic is identical to a
horizontal-axis coordinate or a vertical-axis coordinate
of the comparison characteristic point of the compari-
son characteristic.

6. The method for detecting the resistance of the internal
short circuit of the battery according to claim 1, wherein the
charging/discharging characteristic comprises a first charg-
ing/discharging characteristic and a second charging/dis-
charging characteristic, and the step of aligning the charg-
ing/discharging characteristic of the battery according to the
comparison characteristic point of the comparison charac-
teristic to obtain the aligned charging/discharging charac-
teristic comprises:

aligning the first charging/discharging characteristic of
the battery according to the comparison characteristic
point of the comparison characteristic to obtain an
aligned first charging/discharging characteristic, and
aligning the second charging/discharging characteristic
according to the aligned first charging/discharging
characteristic to obtain an aligned second charging/
discharging characteristic.

7. The method for detecting the resistance of the internal
short circuit of the battery according to claim 6, wherein the
first charging/discharging characteristic is a differential
capacity versus voltage relationship of the battery, and the
second charging/discharging characteristic is a battery
capacity versus voltage relationship of the battery.

8. The method for detecting the resistance of the internal
short circuit of the battery according to claim 1, wherein the
step of determining whether the battery is normal according
to the aligned charging/discharging characteristic or the
coulombic efficiency of the battery comprises:

determining whether the coulombic efficiency of the
battery is less than a coulombic efficiency threshold,
whether a correlation coefficient between the aligned
charging/discharging characteristic and the comparison
characteristic is less than a correlation coefficient
threshold, or whether a pairwise distance between the
aligned charging/discharging characteristic and the
comparison characteristic is greater than a pairwise
distance threshold.

9. The method for detecting the resistance of the internal
short circuit of the battery according to claim 8, wherein the
step of determining whether the battery is normal according
to the aligned charging/discharging characteristic or the
coulombic efficiency of the battery, and calculating the
resistance of the internal short circuit of the battery accord-
ing to the aligned charging/discharging characteristic when
the battery is determined as abnormal further comprises:

if the coulombic efficiency of the battery is not less than

the coulombic efficiency threshold, the correlation
coeflicient between the aligned charging/discharging
characteristic and the comparison characteristic is not
less than the correlation coefficient threshold and the
pairwise distance between the aligned charging/dis-
charging characteristic and the comparison character-
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istic is not greater than the pairwise distance threshold,
determining the battery as normal; and

normally using the battery or normally charging/discharg-
ing the battery.

10. The method for detecting the resistance of the internal
short circuit of the battery according to claim 8, wherein the
step of determining whether the battery is normal according
to the aligned charging/discharging characteristic, and cal-
culating the resistance of the internal short circuit of the
battery according to the aligned charging/discharging char-
acteristic when the battery is determined as abnormal further
comprises:

if the coulombic efficiency of the battery is less than the
coulombic efficiency threshold, the correlation coeffi-
cient between the aligned charging/discharging char-
acteristic and the comparison characteristic is less than
the correlation coefficient threshold, or the pairwise
distance between the aligned charging/discharging
characteristic and the comparison characteristic is
greater than the pairwise distance threshold, determin-
ing the battery as abnormal.

11. The method for detecting the resistance of the internal
short circuit of the battery according to claim 1, further
comprises:

determining a safety probability by using the resistance of
the internal short circuit of the battery; and

determining a discharging process of the battery accord-
ing to the safety probability.

12. The method for detecting the resistance of the internal
short circuit of the battery according to claim 1, wherein the
charging/discharging characteristic is a charging character-
istic of the battery or a discharging characteristic of the
battery, and the comparison characteristic is a history charg-
ing characteristic of the battery, a history discharging char-
acteristic of the battery, a history charging characteristic of
another battery, or a history discharging characteristic of the
another battery.

13. The method for detecting the resistance of the internal
short circuit of the battery according to claim 1, wherein the
charging/discharging characteristic is one of a charging
characteristic of the battery and a discharging characteristic
of the battery, and the comparison characteristic is the other
of'the charging characteristic of the battery and the discharg-
ing characteristic of the battery.

14. A system for detecting resistance of an internal short
circuit of a battery, comprising:

a battery set, comprising a battery;

a data acquisition module, configured to measure charg-
ing/discharging information of the battery, wherein the
charging/discharging information comprises voltage
information, current information, time information or
battery temperature information;

a characteristic calculating module, configured to calcu-
late a charging/discharging characteristic of the battery
according to the charging/discharging information,
align the calculating a charging/discharging character-
istic of the battery according to a comparison charac-
teristic point of a comparison characteristic to obtain an
aligned charging/discharging characteristic, and deter-
mine whether the battery is normal according to the
aligned charging/discharging characteristic or a cou-
lombic efficiency of the battery, wherein the charging/
discharging characteristic comprises a relationship
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between battery capacity information of the battery and
the voltage information of the battery; and

an internal short-circuit resistance calculating module,

configured to calculate aligned charging/discharging
information according to the aligned charging/dis-
charging characteristic and calculate the resistance of
the internal short circuit of the battery according to the
aligned charging/discharging information when the
battery is determined as abnormal, wherein the aligned
charging/discharging information comprises aligned
voltage information, aligned current information,
aligned battery capacity information or aligned time
information.

15. The system for detecting the resistance of the internal
short circuit of the battery according to claim 14, wherein
the characteristic calculating module is configured to calcu-
late the battery capacity information of the battery according
to the current information and the time information of the
battery, and draw a battery capacity versus voltage relation-
ship curve to obtain a battery capacity versus voltage
relationship.

16. The system for detecting the resistance of the internal
short circuit of the battery according to claim 15, wherein
the characteristic calculating module is further configured to
differentiate the battery capacity information with respect to
the voltage information to obtain a differential capacity
information, and draw a differential capacity versus voltage
relationship curve to obtain a differential capacity versus
voltage relationship.

17. The system for detecting the resistance of the internal
short circuit of the battery according to claim 14, wherein
the characteristic calculating module is configured to align a
charging/discharging characteristic point of the charging/
discharging characteristic of the battery with the comparison
characteristic point of the comparison characteristic to
obtain the aligned charging/discharging characteristic.

18. The system for detecting the resistance of the internal
short circuit of the battery according to claim 17, wherein
the charging/discharging characteristic comprises a relation-
ship curve, and the characteristic calculating module shifts
the relationship curve of the charging/discharging charac-
teristic such that a horizontal-axis coordinate or a vertical-
axis coordinate of the charging/discharging characteristic
point of the relationship curve of the charging/discharging
characteristic is identical to a horizontal-axis coordinate or
a vertical-axis coordinate of the comparison characteristic
point of the comparison characteristic.

19. The system for detecting the resistance of the internal
short circuit of the battery according to claim 14, wherein
the charging/discharging characteristic comprises a first
charging/discharging characteristic and a second charging/
discharging characteristic, and the characteristic calculating
module is configured to align the first charging/discharging
characteristic of the battery according to the comparison
characteristic point of the comparison characteristic to
obtain an aligned first charging/discharging characteristic,
and align the second charging/discharging characteristic
according to the aligned first charging/discharging charac-
teristic to obtain an aligned second charging/discharging
characteristic.

20. The system for detecting the resistance of the internal
short circuit of the battery according to claim 19, wherein
the first charging/discharging characteristic is a differential
capacity versus voltage relationship of the battery, and the
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second charging/discharging characteristic is a battery
capacity versus voltage relationship of the battery.

21. The system for detecting the resistance of the internal
short circuit of the battery according to claim 14, wherein
the characteristic calculating module is configured to deter-
mine whether the coulombic efficiency of the battery is less
than a coulombic efficiency threshold, whether a correlation
coeflicient between the aligned charging/discharging char-
acteristic and the comparison characteristic is less than a
correlation coefficient threshold, or whether a pairwise dis-
tance between the aligned charging/discharging character-
istic and the comparison characteristic is greater than a
pairwise distance threshold.

22. The system for detecting the resistance of the internal
short circuit of the battery according to claim 21, wherein if
the characteristic calculating module determines that the
coulombic efficiency of the battery is not less than the
coulombic efficiency threshold, the correlation coeflicient
between the aligned charging/discharging characteristic and
the comparison characteristic is not less than the correlation
coeflicient threshold and the pairwise distance between the
aligned charging/discharging characteristic and the compari-
son characteristic is not greater than the pairwise distance
threshold, the characteristic calculating module is config-
ured to determine the battery as normal, and the system for
detecting the resistance of the internal short circuit of the
battery normally uses the battery or normally charges/
discharges the battery.

23. The system for detecting the resistance of the internal
short circuit of the battery according to claim 21, wherein if
the characteristic calculating module determines that the
coulombic efficiency of the battery is less than the coulom-
bic efficiency threshold, the correlation coefficient between
the aligned charging/discharging characteristic and the com-
parison characteristic is less than the correlation coefficient
threshold, or the pairwise distance between the aligned
charging/discharging characteristic and the comparison
characteristic is greater than the pairwise distance threshold,
the characteristic calculating module determines the battery
as abnormal.

24. The system for detecting the resistance of the internal
short circuit of the battery according to claim 14, further
comprising:

a safety probability calculating module, configured to

determine a safety probability by using the resistance of
the internal short circuit of the battery, and determine a
discharging process of the battery according to the
safety probability.

25. The system for detecting the resistance of the internal
short circuit of the battery according to claim 14, wherein
the charging/discharging characteristic is a charging char-
acteristic of the battery or a discharging characteristic of the
battery, and the comparison characteristic is a history charg-
ing characteristic of the battery, a history discharging char-
acteristic of the battery, a history charging characteristic of
another battery, or a history discharging characteristic of the
another battery.

26. The system for detecting the resistance of the internal
short circuit of the battery according to claim 14, wherein
the charging/discharging characteristic is one of a charging
characteristic of the battery and a discharging characteristic
of the battery, and the comparison characteristic is the other
of'the charging characteristic of the battery and the discharg-
ing characteristic of the battery.
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