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(57) Abstract: A system (100) for balancing a battery assembly (200) and methods (1000) for making and using same are provided.
The system (100) can obtain a status of a battery assembly (200) with a plurality of batteries (210). One or more of the batteries
(210) can be selected based on the obtained status (1010), and the selected batteries (210) can be balanced (1020). The system (100)
can control active balancing/selective discharging/selective charging of the selected batteries (210) when the battery assembly (200)
is in a static/discharging/ charging state. One or more cells (212) comprised in the individual batteries (210) alternatively can be se-
lected for balancing. A protective circuit (170) can help ensure safety of the balancing. Thus, battery balancing can be energy-efti-
cient and time-efficient. The lifetime of the battery assembly (200) can advantageously be extended.
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METHOD AND SYSTEM FOR BALANCING BATTERY ASSEMBLY

COPYRIGHT NOTICE
[0001] A portion of the disclosure of this patent document contains material which is
subject to copyright protection. The copyright owner has no objection to the facsimile
reproduction by anyone of the patent document or the patent disclosure, as it appears in the
Patent and Trademark Office patent file or records, but otherwise reserves all copyright rights
whatsoever.
FIELD
[0002] The disclosed embodiments relate generally to battery technology and more particularly,
but not exclusively, to methods and systems for balancing a battery assembly.
BACKGROUND
[0003] A battery is a device that can be used for powering a wide variety of common systems,
ranging from hearing aids and wristwatches to cars and computer data centers. A battery
typically includes multiple cells. Each cell converts stored chemical energy into electrical
energy to deliver desired voltage, current, capacity, or power density.
[0004] Rechargeable batteries can be repeatedly charged and discharged. After numerous
recharge cycles, differences in the cells in capacities, temperatures, internal chemical
characteristics, internal resistance, and degradation can cause cell imbalance. The cell
imbalance can result in a divergence in voltage among cells over time. Imbalanced cells can
cause over-charging and over-discharging damage to the cells and thereby decrease the storage
capacity and lifetime of the battery.
[0005] Thus, battery balancing is necessary for fully using all the energy of cells in the battery
and increasing longevity of the battery. However, efficiency and safety of existing battery
balancing is still to be improved.
[0006] In view of the foregoing, there is a need for methods and systems for balancing
batteries that overcome the disadvantages of currently-available methods and systems.
SUMMARY
[0007] The present disclosure relates to a system for balancing a battery assembly and methods

for making and using same.
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[0008] In accordance with a first aspect disclosed herein, there is set forth a method for
balancing a battery assembly including a plurality of batteries in a static state, including:
[0009] selecting two or more of the batteries based on a status of the batteries; and

[0010] controlling active balancing between the selected batteries.

[0011] In some embodiments of the disclosed method, the controlling includes controlling a
balancing path between the selected batteries to transfer charge therebetween.

[0012] In some embodiments of the disclosed method, each of the batteries includes a plurality
of cells connected in parallel and/or in series, and the selecting includes selecting cells in
different batteries of the selected batteries.

[0013] In some embodiments of the disclosed method, the controlling includes controlling a
balancing path between the selected cells to transfer charge therebetween.

[0014] In some embodiments of the disclosed method, the method further includes isolating a
particular battery of the selected batteries from the balancing path upon detecting a current
through the particular battery being outside a predetermined current range.

[0015] In some embodiments of the disclosed method, the method further includes isolating a
particular battery of the selected batteries from the balancing path upon detecting a voltage
across the particular battery being outside a predetermined voltage range.

[0016] In some embodiments of the disclosed method, the method further includes obtaining
the status of the batteries.

[0017] In some embodiments of the disclosed method, the obtaining includes obtaining the
status of the batteries, the status including a voltage, a capacity, a current, or a combination
thereof.

[0018] In some embodiments of the disclosed method, the selecting includes selecting the two
or more batteries when a difference between respective voltages across the two or more
batteries is outside a predetermined voltage difference range.

[0019] In some embodiments of the disclosed method, the selecting includes selecting the two
or more batteries when the difference between the respective voltages across the two or more

batteries is greater than a predetermined voltage threshold.
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[0020] In some embodiments of the disclosed method, the selecting includes selecting the two
or more batteries when a difference between respective capacities of the two or more batteries
is outside a predetermined capacity difference range.

[0021] In some embodiments of the disclosed method, the selecting includes selecting the two
or more batteries when the difference between the respective capacities of the two or more
batteries is greater than a predetermined capacity threshold.

[0022] In some embodiments of the disclosed method, the selecting includes selecting the two
or more batteries when an expected balancing current through the two or more batteries is
within a predetermined balancing current range.

[0023] In some embodiments of the disclosed method, the selecting includes selecting the two
or more batteries when the expected balancing current through the two or more batteries is less
than a predetermined current threshold.

[0024] In some embodiments of the disclosed method, at least one battery of the battery
assembly includes a plurality of cells and is coupled with a battery management unit (BMU),
and wherein the controlling includes controlling the BMU to switch to one or more of the cells
of the at least one battery for balancing.

[0025] In accordance with another aspect disclosed herein, there is set forth a system for
balancing a battery assembly including a plurality of batteries in a static state, including:
[0026] one or more processors individually or collectively configured to:

[0027] select two or more of the batteries based a status of the batteries; and

[0028] control active balancing between the selected batteries.

[0029] In some embodiments of the disclosed system, the processors are configured to control
a balancing path between the selected batteries to transfer charge therebetween.

[0030] In some embodiments of the disclosed system, each of the batteries includes a plurality
of cells connected in parallel and/or in series, and the processors are configured to select cells
in different batteries of the selected batteries.

[0031] In some embodiments of the disclosed system, the processors are configured to control

a balancing path between the selected cells to transfer charge therebetween.
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[0032] In some embodiments of the disclosed system, the system further includes a protection
circuit for isolating a particular battery of the selected batteries from the balancing path upon
detecting a current through the particular battery being outside a predetermined current range.
[0033] In some embodiments of the disclosed system, the system further includes a protection
circuit for isolating a particular battery of the selected batteries from the balancing path upon
detecting a voltage across the particular battery being outside a predetermined voltage range.
[0034] In some embodiments of the disclosed system, the processors are configured to obtain
the status of the batteries.

[0035] In some embodiments of the disclosed system, the obtained status of the batteries
includes a voltage, a capacity, a current, or a combination thereof.

[0036] In some embodiments of the disclosed system, the processors are configured to select
the two or more batteries when a difference between respective voltages across the two or more
batteries is outside a predetermined voltage difference range.

[0037] In some embodiments of the disclosed system, the processors are configured to select
the two or more batteries when the difference between the respective voltages across the two or
more batteries is greater than a predetermined voltage threshold.

[0038] In some embodiments of the disclosed system, the processors are configured to select
the two or more batteries when a difference between respective capacities of the two or more
batteries is outside a predetermined capacity difference range.

[0039] In some embodiments of the disclosed system, the processors are configured to select
the two or more batteries when the difference between the respective capacities of the two or
more batteries is greater than a predetermined capacity threshold.

[0040] In some embodiments of the disclosed system, the processors are configured to select
the two or more batteries when an expected balancing current through the two or more batteries
is within a predetermined balancing current range.

[0041] In some embodiments of the disclosed system, the processors are configured to select
the two or more batteries when the expected balancing current through the two or more
batteries is less than a predetermined current threshold.

[0042] In some embodiments of the disclosed system, at least one battery of the battery
assembly includes a plurality of cells and is coupled with a battery management unit (BMU),
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and wherein the processors are configured to control the BMU to switch to one or more cells of
the at least one battery for balancing.

[0043] In accordance with another aspect disclosed herein, there is set forth an apparatus for
battery balancing in a static state, including:

[0044] a battery assembly including a plurality of batteries; and

[0045] the system for balancing the battery assembly, the system being coupled with the
batteries.

[0046] In accordance with another aspect disclosed herein, there is set forth a non-transitory
computer-readable storage medium including machine-executable code that, upon execution by
one or more processors, implements a method for balancing a battery assembly including a
plurality of batteries in a static state.

[0047] In accordance with another aspect disclosed herein, there is set forth a method for
balancing a battery assembly including a plurality of batteries in a discharging state, including:
[0048] selecting one or more of the batteries based on a status of the batteries; and

[0049] controlling discharging of the selected batteries for balancing the batteries.

[0050] In some embodiments of the disclosed method, the method further includes obtaining
status of the batteries.

[0051] In some embodiments of the disclosed method, the controlling includes prioritizing the
discharging of the selected batteries to be in an order based on respective voltages across the
batteries.

[0052] In some embodiments of the disclosed method, the prioritizing includes prioritizing in
such a way that a first battery of the batteries is discharged prior to a second battery of the
batteries when a voltage across the first battery is greater than a voltage across the second
battery by a difference greater than a target voltage difference.

[0053] In some embodiments of the disclosed method, the prioritizing includes prioritizing in
such a way that first and second batteries of the batteries are simultaneously discharged when a
difference between voltages across the first and second batteries is less than or equal to a target
voltage difference.

[0054] In some embodiments of the disclosed method, the method further includes:

[0055] selecting two or more of the batteries for active balancing based on the obtaining; and

-5-
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[0056] control active balancing between the two or more selected batteries.

[0057] In some embodiments of the disclosed method, the selecting includes selecting a
discharging battery of the batteries that has excess discharging capability.

[0058] In some embodiments of the disclosed method, the controlling includes controlling a
balancing path between the selected batteries to transfer charge therebetween.

[0059] In some embodiments of the disclosed method, each of the batteries includes a plurality
of cells connected in parallel and/or in series, and the selecting includes selecting cells in the
selected batteries.

[0060] In some embodiments of the disclosed method, the controlling includes controlling a
balancing path between the selected cells to transfer charge therebetween.

[0061] In some embodiments of the disclosed method, the method further includes isolating a
particular battery of the selected batteries from the balancing path upon detecting a current
through the particular battery being outside a predetermined current range.

[0062] In some embodiments of the disclosed method, the method further includes isolating a
particular battery of the selected batteries from the balancing path upon detecting a voltage
across the particular battery being outside a predetermined voltage range.

[0063] In some embodiments of the disclosed method, the selecting includes selecting the two
or more batteries when a difference between respective voltages across the two or more
batteries is outside a predetermined voltage difference range.

[0064] In some embodiments of the disclosed method, the selecting includes selecting the two
or more batteries when the difference between the respective voltages across the two or more
batteries is greater than a predetermined voltage threshold.

[0065] In some embodiments of the disclosed method, the selecting includes selecting the two
or more batteries when a difference between respective capacities of the two or more batteries
is outside a predetermined capacity difference range.

[0066] In some embodiments of the disclosed method, the selecting includes selecting the two
or more batteries when the difference between the respective capacities of the two or more

batteries is greater than a predetermined capacity threshold.
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[0067] In some embodiments of the disclosed method, the selecting includes selecting the two
or more batteries when an expected balancing current through the two or more batteries is
within a predetermined balancing current range.

[0068] In some embodiments of the disclosed method, the selecting includes selecting the two
or more batteries when the expected balancing current through the two or more batteries is less
than a predetermined current threshold.

[0069] In accordance with another aspect disclosed herein, there is set forth a system for
balancing a battery assembly including a plurality of batteries in a discharging state, including:
[0070] one or more processors individually or collectively configured to:

[0071] select one or more of the batteries based on a status of the batteries; and

[0072] control discharging of the selected batteries to balance the batteries.

[0073] In some embodiments of the disclosed system, the processors are configured to obtain
the status of the batteries.

[0074] In some embodiments of the disclosed system, the processors are configured to
prioritize the discharging of the selected batteries in an order based on respective voltages
across the batteries.

[0075] In some embodiments of the disclosed system, the processors are configured to
prioritize the discharging in such a way that a first battery of the batteries is discharged prior to
a second battery of the batteries when a voltage across the first battery is greater than a voltage
across the second battery by a difference greater than a target voltage difference.

[0076] In some embodiments of the disclosed system, the processors are configured to
prioritize the discharging in such a way that first and second batteries of the batteries are
simultaneously discharged when a difference between voltages across the first and second
batteries is less than or equal to a target voltage difference.

[0077] In some embodiments of the disclosed system, the processors are configured to:

[0078] select two or more of the batteries for active balancing based on the obtaining; and
[0079] control active balancing between the two or more selected batteries.

[0080] In some embodiments of the disclosed system, the processors are configured to select a

discharging battery of the batteries that has excess discharging capability.



WO 2017/113340 PCT/CN2015/100213

[0081] In some embodiments of the disclosed system, the processors are configured to control
a balancing path between the selected batteries to transfer charge therebetween.

[0082] In some embodiments of the disclosed system, each of the batteries includes a plurality
of cells connected in parallel and/or in series, and the processors are configured to select cells
in the selected batteries.

[0083] In some embodiments of the disclosed system, the processors are configured to control
a balancing path between the selected cells to transfer charge therebetween.

[0084] In some embodiments of the disclosed system, the processors are configured to isolate a
particular battery of the selected batteries from the balancing path upon detecting a current
through the particular battery being outside a predetermined current range.

[0085] In some embodiments of the disclosed system, the processors are configured to isolate a
particular battery of the selected batteries from the balancing path upon detecting a voltage
across the particular battery being outside a predetermined voltage range.

[0086] In some embodiments of the disclosed system, the processors are configured to select
the two or more batteries when a difference between respective voltages across the two or more
batteries is outside a predetermined voltage difference range.

[0087] In some embodiments of the disclosed system, the processors are configured to select
the two or more batteries when the difference between the respective voltages across the two or
more batteries is greater than a predetermined voltage threshold.

[0088] In some embodiments of the disclosed system, the processors are configured to select
the two or more batteries when a difference between respective capacities of the two or more
batteries is outside a predetermined capacity difference range.

[0089] In some embodiments of the disclosed system, the processors are configured to select
the two or more batteries when the difference between the respective capacities of the two or
more batteries is greater than a predetermined capacity threshold.

[0090] In some embodiments of the disclosed system, the processors are configured to select
the two or more batteries when an expected balancing current through the two or more batteries

is within a predetermined balancing current range.
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[0091] In some embodiments of the disclosed system, the processors are configured to select
the two or more batteries when the expected balancing current through the two or more
batteries is less than a predetermined current threshold.

[0092] In accordance with another aspect disclosed herein, there is set forth an apparatus for
battery balancing in a discharging state, including:

[0093] a battery assembly including a plurality of batteries; and

[0094] the system for balancing the battery assembly, the system being coupled with the
batteries.

[0095] In accordance with another aspect disclosed herein, there is set forth a non-transitory
computer-readable storage medium including machine-executable code that, upon execution by
one or more processors, implements the method for balancing a battery assembly including a
plurality of batteries in a discharging state.

[0096] In accordance with another aspect disclosed herein, there is set forth a method for
balancing a battery assembly including a plurality of batteries in a charging state, including:
[0097] selecting one or more of the batteries based on a status of the batteries; and

[0098] control charging of the selected batteries for balancing the batteries.

[0099] In some embodiments of the disclosed method, the method further includes obtaining a
status of the batteries.

[0100] In some embodiments of the disclosed method, the controlling includes prioritizing
the charging of the selected batteries to be in an order based on respective voltages across the
selected batteries.

[0101] In some embodiments of the disclosed method, the prioritizing includes prioritizing
in such a way that a first battery of the batteries is charged prior to a second battery of the
batteries when a voltage across the second battery is greater than a voltage across the first
battery by a difference greater than a target voltage difference.

[0102] In some embodiments of the disclosed method, the prioritizing includes prioritizing
in such a way that first and second batteries of the batteries are simultaneously charged when a
difference between voltages across the first and second batteries is less than or equal to a target

voltage difference.
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[0103] In some embodiments of the disclosed method, the controlling includes prioritizing
the charging of the selected batteries to be in an order based on respective capacities of the
selected batteries.

[0104] In some embodiments of the disclosed method, the prioritizing includes prioritizing
in such a way that a first battery of the batteries is charged prior to a second battery of the
batteries when a capacity of the second battery is greater than a capacity of the first battery by a
difference greater than a target capacity difference.

[0105] In some embodiments of the disclosed method, the prioritizing includes prioritizing
in such a way that first and second batteries of the batteries are simultaneously charged when a
difference between capacities of the first and second batteries is less than or equal to a target
capacity difference.

[0106] In some embodiments of the disclosed method, each of the batteries includes a
plurality of cells connected in parallel and/or in series, wherein the controlling includes:
[0107] selecting one or more cells of the batteries based on the obtaining; and

[0108] controlling charging of the selected cells for balancing the cells.

[0109] In some embodiments of the disclosed method, the controlling includes prioritizing
the charging of the selected cells to be in an order based on respective voltages across the
selected cells.

[0110] In some embodiments of the disclosed method, the prioritizing includes prioritizing
in such a way that a first cell of the selected cells is charged prior to a second cell of the
selected cells when a voltage across the second cell is greater than a voltage across the first cell
by a difference greater than a target voltage difference.

[0111] In some embodiments of the disclosed method, the prioritizing includes prioritizing
in such a way that first and second cells of the cells are simultaneously charged when a
difference between voltages across the first and second cells is less than or equal to a target
voltage difference.

[0112] In some embodiments of the disclosed method, the controlling includes prioritizing
the charging of the selected cells to be in an order based on respective capacities across the

selected cells.
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[0113] In some embodiments of the disclosed method, the prioritizing includes prioritizing
in such a way that a first cell of the selected cells is charged prior to a second cell of the
selected cells when a capacity of the second cell is greater than a capacity of the first cell by a
difference greater than a target capacity difference.

[0114] In some embodiments of the disclosed method, the prioritizing includes prioritizing
in such a way that first and second cells of the cells are simultaneously charged when a
difference between capacities of the first and second cells is less than or equal to a target
capacity difference.

[0115] In accordance with another aspect disclosed herein, there is set forth a system for
balancing a battery assembly including a plurality of batteries in a charging state, including:
[0116] one or more processors individually or collectively configured to:

[0117] select one or more of the batteries based on a status of the batteries; and

[0118] control charging of the selected batteries to balance the batteries.

[0119] In some embodiments of the disclosed system, the processors are configured to
obtain the status of the batteries.

[0120] In some embodiments of the disclosed system, the processors are configured to
prioritize the charging of the selected batteries to be in an order based on respective voltages
across the selected batteries.

[0121] In some embodiments of the disclosed system, the processors are configured to
prioritize in such a way that a first battery of the batteries is charged prior to a second battery
of the batteries when a voltage across the second battery is greater than a voltage across the
first battery by a difference greater than a target voltage difference.

[0122] In some embodiments of the disclosed system, the processors are configured to
prioritize in such a way that first and second batteries of the batteries are simultaneously
charged when a difference between voltages across the first and second batteries is less than or
equal to a target voltage difference.

[0123] In some embodiments of the disclosed system, the processors are configured to
prioritize the charging of the selected batteries to be in an order based on respective capacities

across the selected batteries.
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[0124] In some embodiments of the disclosed system, the processors are configured to
prioritize in such a way that a first battery of the batteries is charged prior to a second battery
of the batteries when a capacity of the second battery is greater than a capacity of the first
battery by a difference greater than a target capacity difference.

[0125] In some embodiments of the disclosed system, the processors are configured to
prioritize in such a way that first and second batteries of the batteries are simultaneously
charged when a difference between capacities of the first and second batteries is less than or
equal to a target capacity difference.

[0126] In some embodiments of the disclosed system, each of the batteries includes a
plurality of cells connected in parallel and/or in series, wherein the processors are configured to:
[0127] select one or more cells of the batteries based on the obtaining; and

[0128] control charging of the selected cells for balancing the cells.

[0129] In some embodiments of the disclosed system, the processors are configured to
prioritize the charging of the selected cells in an order based on respective voltages across the
selected cells.

[0130] In some embodiments of the disclosed system, the processors are configured to
prioritize in such a way that a first cell of the selected cells is charged prior to a second cell of
the selected cells when a voltage across the second cell is greater than a voltage across the first
cell by a difference greater than a target voltage difference.

[0131] In some embodiments of the disclosed system, the processors are configured to
prioritize in such a way that first and second cells of the cells are simultaneously charged when
a difference between voltages across the first and second cells is less than or equal to a target
voltage difference.

[0132] In some embodiments of the disclosed system, the processors are configured to
prioritize the charging of the selected cells in an order based on respective capacities of the
selected cells.

[0133] In some embodiments of the disclosed system, the processors are configured to
prioritize in such a way that a first cell of the selected cells is charged prior to a second cell of
the selected cells when a capacity of the second cell is greater than a capacity of the first cell
by a difference greater than a target capacity difference.

-12-
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[0134] In some embodiments of the disclosed system, the processors are configured to
prioritize in such a way that first and second cells of the cells are simultaneously charged when
a difference between capacities of the first and second cells is less than or equal to a target
capacity difference.
[0135] In accordance with another aspect disclosed herein, there is set forth an apparatus
for battery balancing in a discharging state, including:
[0136] a battery assembly including a plurality of batteries; and
[0137] the system for balancing a battery assembly, the system being coupled with the
batteries.
[0138] In accordance with another aspect disclosed herein, there is set forth a non-
transitory computer-readable storage medium including machine-executable code that, upon
execution by one or more processors, implements the method for balancing a battery assembly
including a plurality of batteries in a discharging state.

BRIEF DESCRIPTION OF THE DRAWINGS
[0139] FIG. 1 is an exemplary top-level block diagram illustrating an embodiment of a
battery management system for balancing a battery assembly.
[0140] FIG. 2 is an exemplary block diagram illustrating an embodiment of the battery
assembly of FIG. 1, wherein at least one battery of the battery assembly comprises a plurality
of cells.
[0141] FIG. 3 is an exemplary block diagram illustrating an alternative embodiment of the
battery management system of FIG. 1, wherein the battery management system includes a
control processor and memory.
[0142] FIG. 4 is an exemplary top-level flow chart illustrating an embodiment of a method
for balancing the battery assembly of FIG. 1 in a static state.
[0143] FIG. 5 is an exemplary block diagram illustrating another alternative embodiment
of the battery management system of FIG. 1, wherein selected batteries are actively balanced.
[0144] FIG. 6 is an exemplary block diagram illustrating another alternative embodiment

of the battery management system of FIG. 1, wherein selected cells are actively balanced.
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[0145] FIG. 7 is an exemplary block diagram illustrating another alternative embodiment
of the battery management system of FIG. 1, wherein the battery management system includes
a protective circuit.

[0146] FIG. 8 is an exemplary flow chart illustrating an alternative embodiment of the
method of FIG. 4, wherein the batteries are selected at least partially based on voltage.

[0147] FIG. 9 is an exemplary flow chart illustrating another alternative embodiment of the
method of FIG. 4, wherein the batteries are selected at least partially based on capacity.

[0148] FIG. 10 is an exemplary top-level flow chart illustrating another alternative
embodiment of the method of FIG. 4, wherein the battery assembly is balanced in a
discharging state.

[0149] FIG. 11 is an exemplary flow chart illustrating an alternative embodiment of the
method of FIG. 10, wherein batteries of the battery assembly are selected for discharging.
[0150] FIG. 12 is an exemplary flow chart illustrating another alternative embodiment of
the method of FIG. 10, wherein batteries of the battery assembly are selected for active
balancing.

[0151] FIG. 13 is an exemplary block diagram illustrating another alternative embodiment
of the battery management system of FIG. 1, wherein selected batteries are actively balanced.
[0152] FIG. 14 is an exemplary block diagram illustrating another alternative embodiment
of the battery management system of FIG. 1, wherein selected cells are actively balanced.
[0153] FIG. 15 is an exemplary top-level flow chart illustrating another alternative
embodiment of the method of FIG. 4, wherein the battery assembly is balanced in a charging
state.

[0154] FIG. 16 is an exemplary flow chart illustrating an alternative embodiment of the
method of FIG. 15, wherein batteries of the battery assembly are selected for charging.

[0155] FIG. 17 is an exemplary block diagram illustrating another alternative embodiment
of the battery management system of FIG. 1, wherein at least one battery of the battery
assembly is coupled to the battery management system via a battery management unit (BMU).
[0156] FIG. 18 is an exemplary block diagram illustrating an embodiment of the BMU of
FIG. 17.
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[0157] FIG. 19 is an exemplary detail diagram illustrating an alternative embodiment of the
battery management system of FIG. 1, wherein each battery of the battery assembly is coupled
to the battery management system via a respective BMU.
[0158] It should be noted that the figures are not drawn to scale and that elements of
similar structures or functions are generally represented by like reference numerals for
illustrative purposes throughout the figures. It also should be noted that the figures are only
intended to facilitate the description of the preferred embodiments. The figures do not
illustrate every aspect of the described embodiments and do not limit the scope of the present
disclosure.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0159] Since currently-available methods and systems for battery balancing need to be
improved, a method and system that improve efficiency in battery balancing can prove
desirable and provide a basis for a wide range of applications, such as computers, medical
equipment, automobiles, aerial and other vehicles, computer data centers, and/or
telecommunications systems. This result can be achieved, according to embodiments disclosed
herein, by a battery management system 100 as illustrated in FIG. 1.
[0160] Turning to FIG. 1, the battery management system 100 is shown as being coupled
with a battery assembly 200. The battery assembly 200 can include one or more batteries 210.
At least one of the batteries 210 can be rechargeable. The battery assembly 200 of FIG. 1, for
example, includes a predetermined number m of batteries, including 210;, 210, ..., 210y,. The
batteries 210 can be connected in series, parallel and/or a combination of both so the battery
assembly 200 can deliver a predetermined voltage, current, capacity, and/or power density.
[0161] The battery management system 100 can be coupled with the battery assembly 200
by being electrically connected to the battery assembly 200 for electric charge transport, being
in communication with the battery assembly 200 for data exchange, or a combination thereof.
In certain embodiments, the battery management system 100 can be coupled with one or more
of the batteries 210. The battery management system 100 preferably can couple with each of
the batteries 210. The battery management system 100 thereby can obtain a status of the

battery assembly 200 and balance the battery assembly 200 based upon the status. By
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balancing the battery assembly 200, energy of the batteries 210 can be fully used and longevity
of the batteries 210 can be increased.

[0162] The battery assembly 200 can be in a static state, a discharging state and/or a
charging state. According to the state of the battery assembly 200, the battery management
system 100 can balance the battery assembly 200 in one or more suitable manners, respectively.
Because the battery assembly 200 can be balanced in any state, balancing can be time-efficient.
[0163] Turning to FIG. 2, battery 210; of the battery assembly 200 is shown as including a
plurality of cells 212 including cells 2124, 212,, ..., 212,. The cells 212 can be any type of
battery cells, including, but not limited to, lead-acid cells, lithium air cells, lithium-ion cells,
nickel-cadmium cells, nickel-metal hydrogen cells and the like. At least one of the cells 212
can be rechargeable. The cells 212 can be connected in a series, parallel or a combination of
both so the battery 210, can deliver a preselected voltage, current, capacity, and/or power
density.

[0164] Although the detail of battery 210, is shown in FIG. 2, each of the batteries 210 can
comprise a plurality of cells 212 in the manner set forth above with reference to battery 210;.
The number of cells 212 in each battery 210 can be uniform and/or different between the
batteries 210. Connection between the cells 212 in each of the batteries 210 can be uniform
and/or different between the batteries 210.

[0165] In certain embodiments, the battery management system 100 can obtain a status of
the cells 212 and balance the cells 212 based upon the status. By balancing the cells 212,
energy of the cells 212 can be fully used and longevity of the cells 212 can be increased.
[0166] FIG. 3 illustrates an exemplary embodiment of the battery management system 100.
As shown in FIG. 3, the battery management system 100 can include a control processor 110.
The control processor 110 can be programmed or otherwise configured for performing data
acquisition, data processing, and/or any other functions and operations described herein for
balancing the battery assembly 200. Stated somewhat differently, the control processor 110
can be programmed or otherwise configured to perform any functions and operations described
herein as being associated with the battery management system 100. Without limitation, the
control processor 110 can include one or more general purpose microprocessors (for example,
single and/or multi-core processors), application-specific integrated circuits, application-
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specific instruction-set processors, physics processing units, digital signal processing units,
coprocessors, network processing units, encryption processing units, and/or the like. Although
described as including a single processor for purposes of illustration only, the battery
management system 100 can include any suitable number of uniform and/or different control
processors 110.

[0167] The control processor 110 can incorporate the functions of a central processing unit
(CPU) implemented on one or more integrated circuits. For example, the control processor 110
can include an arithmetic logic unit (ALU) and/or a control logic section. The ALU can
perform operations such as mathematical calculations and logic operations such as AND or OR.
The control logic section can retrieve instruction operation codes from a memory 120 (shown
in FIG. 3), and initiate a sequence of operations of the ALU required to carry out the
instruction. Thus, the control processor 110 can be a multipurpose and/or programmable
device that accepts digital data, processes the digital data, and provides results as output. The
control processor 110 can be programmed to implement functions disclosed in the present
disclosure.

[0168] The battery management system 100 is shown in FIG. 3 as including one or more
switch devices 160. The control processor 110, for example, can generate one or more control
signals (not shown) for controlling the switch devices 160. The switch devices 160 can be
actuated via the control signals. Stated somewhat differently, the switch devices 160 can be
selectively turned on/off according to the control signals. For example, a selected control
signal can be provided to two or more of the switch devices 160, and/or a selected switch
device 160 can receive two or more of the control signals. Optionally, the control processor
110 can be at least partially integrated with one or more of the switch devices 160.

[0169] For example, the switch device 160 can include a solid-state switch and/or a solid-
state relay each including one or more semiconductor devices. Exemplary semiconductor
devices that can be used as the switch device 160 can include diodes, thyristors, and/or
transistors such as bipolar transistors or metal-oxide—semiconductor field-effect transistors
(MOSFETs). A selected switch device 160 can be coupled to two or more circuit components.
Exemplary circuit components can include a selected terminal of a battery and/or a selected
terminal of a cell in the battery assembly 200, a power source, and/or a load device. The
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switch device can be switched on to form an electrical connection between the circuit
components, and/or switched off to result in a disconnection between the circuit components.
[0170] The control processor 110 can be coupled directly with the switch devices 160
and/or indirectly coupled with the switch devices 160 via one or more intermediate system
components of the battery management system 100. Exemplary intermediate system
components can include one or more driver circuits (not shown). At least one of the driver
circuits can be coupled to the control processor 110 and/or can boost (and/or strengthen) a
control signal generated by the control processor 110 for controlling the switch devices 160.
Additionally and/or alternatively, the driver circuit can isolate the ALU and/or control logic
section from the switch devices 160, detect malfunctions, store and report failures to the
control processor 110, serving as a precaution against failure and/or creating auxiliary voltages.
[0171] FIG. 3 shows that the battery management system 100 can include a memory 120.
The control processor 110 can run (or execute) various software programs and/or sets of
instructions stored in the memory 120 to perform various functions for the battery management
system 100. The memory 120 can include non-volatile memory, such as one or more magnetic
disk storage devices, flash memory devices and/or other non-volatile solid-state memory
devices. The memory 120 can include a random access memory (RAM), static RAM, dynamic
RAM, read-only memory (ROM), programmable ROM, erasable programmable ROM,
electrically erasable programmable ROM, flash memory, secure digital (SD) card, etc.
Although one memory 120 is shown in FIG. 3, the battery management system 100 can include
any number of uniform and/or different memories 120.

[0172] The battery management system 100 of FIG. 3 is shown as including one or more
detectors 130. Each detector 130 can detect a status of the battery assembly 200. A selected
detector 130 can include one or more sensors (not shown) for sensing status of one or more of
the batteries 210 (shown in FIG. 1). Additionally and/or alternatively, the sensors can sense
status of one or more of the cells 212 (shown in FIG. 2).

[0173] For example, the status can include a voltage of the battery assembly 200. An
exemplary voltage can include a total voltage across the battery assembly 200, a voltage across
one or more batteries 210, a voltage across one or more cells 212, and/or the like. Additionally

and/or alternatively, the status can include a capacity of the battery assembly 200. An
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exemplary capacity can include a total capacity of the battery assembly 200, a capacity of one
or more batteries 210, a capacity of one or more cells 212, and/or the like. Additionally and/or
alternatively, the status can include a current of the battery assembly 200. An exemplary
current can include a current through the battery assembly 200, a current through one or more
batteries 210, a current through one or more cells 212, and/or the like. Additionally and/or
alternatively, the status can include one or more other parameters of the battery assembly 200,
one or more batteries 210, and/or one or more cells 212. Exemplary status can include, but are
not limited to, temperature, state of charge (SOC), depth of discharge (DOD), state of health
(SOH), resistance, impedance, conductance, self-discharge, ability to accept a charge, number
of charge—discharge cycles, and/or coolant flow if the battery assembly 200 is air or fluid
cooled.

[0174] In certain examples, the control processor 110 can communicate with the detectors
130, for example, using hardware connectors and buses. Thus, the control processor 110 can
obtain the status of the battery assembly 200.

[0175] The battery management system 100 can include one or more additional hardware
components as desired. Exemplary additional hardware components include, but are not
limited to, one or more input/output interfaces 140 as shown in FIG. 3. An exemplary interface
can include universal serial bus (USB), digital visual interface (DVI), display port, serial ATA
(SATA), IEEE 1394 interface (also known as FireWire), serial, video graphics array (VGA),
super video graphics array (SVGA), small computer system interface (SCSI), high-definition
multimedia interface (HDMI), audio ports, parallel communication interface, series
communication interface, differential communication interface, analog interface (to collecting
analog data for analog/digital conversion), and/or proprietary input/output interfaces. The
input/output interfaces 140 can operate as a channel for data to transmit between the battery
management system 100 and other devices. Additionally and/or alternatively, the input/output
interfaces 140 can include an electrical connection for coupling the battery management system
100 with a load for discharging the battery assembly 200 and/or a power source for charging
the battery assembly 200.

[0176] Additionally and/or alternatively, the battery management system 100 can include
one or more input/output devices 150 (for example, buttons, a keyboard, keypad, trackball,
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displays, and a monitor), as desired. Additionally and/or alternatively, the battery management
system 100 can include a communication module (not shown) for communicating with any
internal and/or external controller devices, input devices and/or memories.

[0177] FIG. 4 is an exemplary top-level flow chart illustrating a method 1000 for balancing
the battery assembly 200 (shown in Fig. 1) in a static state. In the static state, the battery
assembly 200 does not receive (or input) power from a power source or provide (or output)
power to a load. Additionally and/or alternatively, in the static state, the battery assembly 200
can input and/or output power that is lower than a predetermined power limit.

[0178] Based on a status of the batteries 210, two or more batteries 210 of the battery
assembly 200 can be selected, at 1010. For example, the battery management system 100 can
select two or more batteries 210 based on the obtained status.

[0179] Active balancing of the selected batteries is controlled, at 1020. In active balancing,
the system 100 can draw electric charge from one battery 210 (or cell 212) and transfer the
drawn charge to another battery 210 (or cell 212). For example, the battery management
system 100 can draw charge from a first battery 210 having a first voltage and transfer the
charge to a second battery 210 having a second voltage when the first voltage is greater than
the second voltage. In certain embodiments, the battery management system 100 can transfer
the charge directly and/or indirectly between the batteries 210 (or cells 212). The charge can
be indirectly transferred between the batteries 210 (or cells 212), for example, via a direct
current to direct current (DC-to-DC) converter (not shown).

[0180] Additionally and/or alternatively, the status of the battery assembly 200 optionally
can be obtained. The battery management system 100 can obtain the status of the battery
assembly 200, for example, by sensing the batteries 210 (shown in FIG. 1) via the detectors
130 (shown in FIG. 3). In some embodiments, the battery management system 100 can obtain
the status of each battery 210.

[0181] FIG. 5 illustrates an alternative embodiment of the battery management system 100,
wherein the battery management system 100 can control a balancing path 300 (and/or a current
path) to form between a first battery 210, and a second battery 210,. The balancing path 300
permits the battery management system 100 to transfer charge between the first and second

batteries 2104, 210,. The balancing path 300 can include one or more electrical conductors,
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such as wires and/or layers, for electrically connecting the batteries 210;, 210, and forming a
closed circuit to balance the batteries 210;, 210,.

[0182] FIG. 5 shows the balancing path 300 can include a switch device 160. The switch
device 160 is shown as being located in series along the balancing path 300. The balancing
path 300 is formed when the switch device 160 can be activated (or closed) to form the closed
circuit. When the switch device 160 is deactivated (or opened), the balancing path 300 can
comprise an open and/or incomplete circuit, and the batteries 210;, 210, no longer have the
balancing path 300 formed therebetween to pass a current.

[0183] The battery management system 100 can complete the balancing path 300 by
switching on the switch device 160 via, for example, a control signal from the control
processor 110. The formed balancing path 300 can thus establish an electrical connection
between the selected batteries 210.

[0184] FIG. 5 shows batteries 2104, 210, as the selected batteries 210 for illustrative
purposes only. The balancing path 300 can be formed between (and/or among) any
predetermined number of selected batteries 210. Although FIG. 5 illustrates one switch device
160, any number of uniform and/or different switch devices 160 can be located along the
balancing path 300. The switch devices 160 can open and close the balancing path 300
between the predetermined number of selected batteries 210.

[0185] Although FIG. 5 illustrates one balancing path 300, any number of uniform and/or
different balancing paths 300 can be formed for connecting the selected batteries 210. The
balancing paths 300 can be provided in any predetermined manner for facilitating charge
transfer between the selected batteries 210. For example, the balancing path 300 can include a
first path connecting positive terminals of the selected batteries and/or a second path
connecting negative terminals of the selected batteries 210.

[0186] In certain embodiments, balancing the selected batteries 210, at 1020 (shown in
FIG. 4), can include balancing selected cells 212 (shown in FIG. 2) of the selected batteries
210. Turning to FIG. 6, for example, the battery management system 100 can form the
balancing path 300 between cells 2124, 212, of selected battery 210, and cells 212, 212, of

selected battery 210, to transfer charge therebetween. For example, each of the selected cells
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212 in FIG. 6 can be individually connected to the balancing path 300 to actively balance with
the other selected cells 212.

[0187] Advantageously, two or more cells 212 can form a cell group. The cells 212 in the
cell group can be disconnected from each other and/or at least partially connected with each
other. The cells 212 in the cell group can be connected in a series, parallel or a combination of
both. The cell group can be connected to the balancing path 300 as a single circuit component
The cell group can thus be actively balanced with other selected cells 212, cell groups and/or
batteries 210.

[0188] Although FIG. 6 shows two cells 212 as being selected from each of the two
selected batteries 210, any predetermined number of cells 212 and/or any preselected number
of batteries 210 can be selected. The selected cells 212 can be selected from among one or
more selected batteries 210. The number of selected cells 212 in each selected battery 210 can
be uniform and/or different among the selected batteries 210.

[0189] In order to actively balance the cells 212 as shown in FIG. 6, the status of the cells
212 can be obtained. That is, obtaining the status of the batteries 210 can include obtaining the
status of the one or more cells 212 of the batteries 210. Additionally and/or alternatively, one
or more cells 212 can be selected based on the obtained status. That is, selecting the batteries
210, at 1010 (shown in FIG. 4), can include selecting the cells 212 of the batteries 210 based
on the obtained status.

[0190] Additionally and/or alternatively, the battery management system 100 can balance
the battery assembly 200 by performing balancing between batteries 210 (shown in FIG. 5)
and/or between cells 212 simultaneously and/or sequentially. For example, the battery
management system 100 can perform balancing between the selected batteries 210 first. After
the balancing between the selected batteries 210 is completed, the battery management system
100 can balance between the selected cells 212 of the selected batteries 210.

[0191] FIG. 7 shows the battery management system 100 as including a protection circuit
170. The protection circuit 170 can protect the battery assembly 200 from out-of-tolerance
ambient and/or operating conditions and/or protect a battery user from the consequences of
failure of the battery assembly 200. For example, the protection circuit 170 can protect the
battery assembly 200 from undesirable conditions, including excessive current during active
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balancing, charging and/or discharging, short circuit, over voltage (or overcharging), under
voltage (or exceeding preset depth of discharge (DOD) limits), high ambient temperature,
overheating (exceeding the cell temperature limit), and/or pressure build up inside a cell.
[0192] The protection circuit 170 can protect the battery assembly 200 in any
predetermined manner. In certain embodiments, the protection circuit 170 can detect an
undesirable condition via detectors 130. The protection circuit 170 can isolate a selected
battery 210 from the balancing path 300 upon detecting the undesirable condition associated
with the selected battery 210. Additionally and/or alternatively, the protection circuit 170 can
isolate the selected battery 210 from the battery management system 100 and/or the rest of the
battery assembly 200.

[0193] An exemplary undesirable condition can include a current passing through the
selected battery 210 being outside a predetermined current range. For example, the protection
circuit 170 can isolate the selected battery from the balancing path 300 (shown in FIG. 5 and
FIG. 6) upon detecting the current through the selected battery 210 being greater than a
predetermined upper current limit.

[0194] Additionally and/or alternatively, the undesirable condition can include a voltage
across the selected battery 210 being outside a predetermined voltage range. For example, the
protection circuit 170 can isolate the selected battery 210 from the balancing path 300 upon
detecting the voltage across the selected battery 210 being greater than a predetermined upper
voltage limit and/or lower than a predetermined lower voltage limit.

[0195] The predetermined current range and/or the predetermined voltage range can be
determined based on safe operating conditions of the battery 210.

[0196] Additionally and/or alternatively, the protection circuit 170 can isolate a cell 212
(and/or cell group) from the balancing path 300 and/or other circuit components upon detecting
the undesirable condition corresponding to the cell 212 (and/or cell group).

[0197] The protection circuit 170 can include any conventional types of sensors and/or
circuit components to achieve the protection functions. For example, the protection circuit 170
can include one or more switch devices (not shown) triggered by sensors (not shown) upon
sensing the undesirable condition. The switch devices can be deactivated to electrically

disconnect the battery and/or cell from other circuit components. Additionally and/or
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alternatively, the switch devices can be deactivated to bypass the malfunctioning cell 212
and/or battery 210.

[0198] Although FIG. 7 shows one protection circuit 170, the battery management system
100 can include any suitable number of uniform and/or different protection circuits 170. Each
battery and/or each cell of the battery assembly 200 can be connected to the same and/or a
different protection circuit 170 from another battery 210 and/or cell 212 in the battery assembly
200 to obtain protection. In certain embodiments, each battery 210 can be connected to a
respective protection circuit 170. Within each battery 210, a corresponding protection circuit
170 can operate to isolate a cell 212 from other cells 212 upon sensing the undesirable
condition associated with the cell 212. Safety of the active balancing can thus be
advantageously improved.

[0199] The control processor 110 can select, at 1200 (shown in FIG. 4), the batteries 210
based on any preselected criteria. For example, the control processor 110 can select two or
more batteries 210 when a difference between respective voltages across the two or more
batteries 210 is outside a predetermined voltage difference range. In certain embodiments, the
control processor 110 can select the two or more batteries 210 when the difference between the
voltages of the respective batteries is greater than a predetermined voltage threshold.

[0200] FIG. 8 shows an exemplary flow chart of an exemplary method 600 for selecting
batteries 210 for active balancing. At 601, a voltage difference AV between the selected
batteries 210 are compared with a predetermined voltage threshold Vpars. Stated somewhat
differently, the control processor 110 (shown in FIG. 3) can determine whether the following
condition is met between batteries 2104, 210,:

[0201] AV > Vgars - Equation (1)

[0202] For example, for batteries 210;, 210,:

[0203] AV =V1-V2 Equation (2)
[0204] where V1 and V2 can refer to total voltage across batteries 210;, 210,, respectively.
Assuming each of the batteries 210;, 210, includes a plurality of cells 212 connected in series:
[0205] Vi=V +--+V, Equation (3-1)
[0206] V2=V, +--+V,, Equation (3-2)
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[0207] where V,, refer to voltage of cell y in battery x. When the voltage difference AV is
less than or equal to the predetermined voltage threshold Vgays, the batteries 2104, 210, are not
selected for active balancing, at 603.

[0208] Additionally and/or alternatively, the control processor 110 can select the two or
more batteries 210 when an expected balancing current through the two or more batteries 210
is within a predetermined balancing current range. The expected balancing current can refer to
a current that is expected to pass through the balancing path 300 upon forming the balancing
path 300. In certain embodiments, the control processor 110 can select the two or more
batteries 210 when the expected balancing current through the two or more batteries 210 is less
than a predetermined current threshold.

[0209] As shown in FIG. 8, at 602, the expected balancing current Igxp can be compared
with the predetermined current threshold Icpemax. In other words, one embodiment of the
method 600 can include instructing the control processor 110 to compare the expected
balancing current Igxp with the predetermined current threshold Icugmax. That is, whether the
following condition is met between batteries 210, 210,:

[0210]  Igxp < Ichemax - Equation (4)

[0211] For example:

[0212]  lgyp == Equation (5)

[0213] where R is a total resistance of the balancing path 300. For example:

[0214] R=R1+R2 Equation (6)

[0215] where R1 and R2 can refer to total resistances across batteries 210¢, 210-,

respectively. Assuming each of the batteries 2101, 2102 includes a plurality of cells connected

in series:

[0216] R1=R;;+-+Ryy Equation (7-1)
[0217] R2=R;;+-+Ry, Equation (7-2)
[0218] where Ry refer to resistance of cell y in battery x. The resistance Ry y can be

measured by the detectors 130 (shown in FIG. 3) and/or pre-stored in the memory 120. The
resistance Ry, can have different values depending on state of the cell 212. For example, the

resistance R, , can have respective values when the cell 212 is static, charging or discharging.
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In one example, the resistance R,y in static state can be used for calculating Equations (7-1),
(7-2) in approximation.

[0219] Additionally and/or alternatively, the batteries 210 and/or the cells 212 can have
very small resistances R1 and R2. A circuit component having a resistance Rp can be added
onto the balancing path 300 to increase total resistance of the balancing path 300. Thus, safety
of active balancing can advantageously be ensured. For example, Equation (6) can be changed
to:

[0220] R=R1+RZ+Rp. Equation (8)

[0221] The predetermined current threshold Icuemax can be based on a maximum charging
current allowed by the selected batteries. The predetermined current threshold Icpgmax can be
pre-stored in the memory 120 (shown in FIG. 3).

[0222] When the expected balancing current Igxp 1s greater than or equal to the
predetermined current threshold Icuamax, the batteries 2104, 210, are not selected for active
balancing, at 603. When the expected balancing current Igxp is less than the predetermined
current threshold Icpamax, the battery management system 100 can actively balance, at 604,
the selected batteries 2104, 210,. By using Equation (4), the current through the balancing path
300 can advantageously be lower than the predetermined current threshold. Safety of the
active balancing can thus be improved.

[0223] Additionally and/or alternatively, the control processor 110 can stop the active
balancing based on a balance-termination criterion. For example, the control processor 110
can terminate the active balancing when the difference between respective voltages across the
two or more batteries is lower than a target voltage difference Vgarc. At 605, the control
processor 110 can compare the voltage difference AV with the target voltage difference Vparc.
That is:

[0224] AV < Vgarc Equation (9)

[0225] When the voltage difference AV is less than or equal to the target voltage difference
VgaLc, the control processor 110 can stop the active balancing, at 606, for example, by
disconnecting the balancing path 300. When the voltage difference AV is greater than the

target voltage difference Vpayc, the active balancing can be continued, at 604.
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[0226] In certain examples, the target voltage difference Vpayc can be pre-stored in the
memory 120. The target voltage difference Vparc and the predetermined voltage threshold
VgaLs (in Equation (1)) can be uniform and/or different. Although FIG. 8 shows 602 as
following 601, 601 and 602 can be performed in any sequence and/or simultaneously.

[0227] Additionally and/or alternatively, the control processor 110 can select two or more
batteries 210 when a difference between respective capacities of the two or more batteries 210
is outside a predetermined capacity difference range. In certain embodiments, the control
processor 110 can select the two or more batteries 210 when the difference between the
respective capacities is greater than a predetermined capacity threshold.

[0228] FIG. 9 shows a flow chart of an exemplary method 700, wherein the batteries 210
are selected at least partially based on capacity. At 701, a capacity difference AQ between the
selected batteries are compared with the predetermined capacity threshold Qpars. That is, the
control processor 110 can determine whether the condition of Equation (10) is met between
batteries 210¢, 2105:

[0229] AQ > Qpars Equation (10)
[0230] For example, for batteries 210;, 210,:

[0231] AQ=Q1-Q2 Equation (11)
[0232] Q1 and Q2 can refer to total capacities of batteries 210;, 210,, respectively.
Assuming each of the batteries 210, 210, includes a plurality of cells connected in series:
[0233] Ql=Q; +--+Qup Equation (12-1)
[0234] Q2=Q,+--+Qzn Equation (12-2)
[0235] where Q,y refers to capacity of cell y in battery x. When the capacity difference
AQ is less than or equal to the predetermined capacity threshold Qgpats, the batteries 2104, 210,
are not selected for active balancing, at 703. When the capacity difference AQ is greater than
the predetermined capacity threshold Qpavs, selection can be continued.

[0236] As shown in FIG. 9, at 702, the expected balancing current Igxp is compared with
the predetermined current threshold Icygmax. The comparison, for example, can be based on
Equation (4) above. When the expected balancing current Igxp is greater than or equal to the
predetermined current threshold Icygmax, the batteries 2104, 210, are not selected for active
balancing, at 703. When the expected balancing current Igxp is less than the predetermined
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current threshold Icggmax, the battery management system 100 can actively balance, at 704,
the batteries 210;, 210,.

[0237] Additionally and/or alternatively, the control processor 110 can stop the active
balancing when the difference between respective capacities of the two or more batteries is
lower than a target capacity difference Qparc. At 705, the control processor 110 can compare
the capacity difference AQ with the target capacity difference Qgarc:

[0238] AQ < QgaLc Equation (13)
[0239] When the capacity difference AQ is less than or equal to the target capacity
difference Qparc, the control processor 110 can stop the active balancing (shown, at 706), for
example, by disconnecting the balancing path 300. When the capacity difference AQ is greater
than the target capacity difference Qparc, the active balancing can be continued (shown, at
704).

[0240] In certain examples, the target capacity difference Qparc can be pre-stored in the
memory 120. The target capacity difference Qgarc and the predetermined capacity threshold
QsaLs (shown in Equation (10)) can be uniform and/or different. Although FIG. 9 shows 702
as following 701, 701 and 702 can be performed in any sequence and/or simultaneously.
[0241] FIG. 8 illustrates method 600 as selecting batteries and/or terminating active
balance at least partially based on voltage. FIG. 9 illustrates method 700 as selecting batteries
and/or terminating active balance at least partially based on capacity. Selecting batteries and/or
terminating active balance can be based on voltage, capacity, and/or any other preselected
battery characteristic(s), without limitation. For example, a method can select the batteries 210
based on capacity, and terminate active balancing based on voltage. In another example, a
method can select the batteries 210 based on voltage, and terminate active balancing based on
capacity.

[0242] To actively balance selected cells 212 (as shown in FIG. 6), method 600 and/or
method 700 can be used. For example, in battery 210, cells 212,, 212, are connected in series
and can form a cell group 1. In battery 210,, cells 2124, 212, are connected in series and can
form a cell group 2. Thus, voltages V1 and V2 (in Equation (2)) can be calculated as follows:
[0243] Vi=V,, +Vp, Equation (14-1)
[0244] V2=V,,+V,, Equation (14-2)
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[0245] Resistances R1 and R2 (in Equation (6)) can be calculated as follows:

[0246] R1=R;; +Ry, Equation (15-1)
[0247] R2 =R,; +R;; Equation (15-2)
[0248] Capacities Q1 and Q2 (in Equation (11)) can be calculated as follows:

[0249] Ql=0Q;;+Q4, Equation (16-1)
[0250] Q2 =0Q,;1+ Q3> Equation (16-2)
[0251] In passive balancing, energy is drawn from the most charged cell and is wasted as
heat, usually through one or more resistors. This leads to energy inefficiency especially for
applications requiring relatively high electric energy. Using the disclosed methods, the battery
assembly 200 can be actively balanced. In other words, extra charge of the high-charged
battery/cell can be transferred to the low-charged battery 210 and/or cell 212. Such active
balancing is advantageously more energy-efficient than passive balancing.

[0252] FIG. 10 is an exemplary top-level flow chart illustrating a method 1100 for
balancing the battery assembly 200 in a discharging state. In the discharging state, the battery
assembly 200 can output power to a load. A load can include any machine, instrument, or any
other device (or system) driven by electric power. Additionally and/or alternatively, the load
can include a device having electrical resistance, electrical impedance and/or electrical
reactance. For example, the load can include a resistor that consumes electric power. An
exemplary load can include a mobile platform, such as an automobile, an aircraft, and/or an
unmanned aerial vehicle (UAV).

[0253] The method 1100 can be implemented by the battery management system 100
(shown in FIG. 1). One or more batteries 210 of the battery assembly 200 are selected, at 1110,
based on a status of the batteries 210. Discharging of the selected batteries 210 is controlled, at
1120. By control the discharging of the selected batteries 210, the discharging process can
balance the battery assembly 200. Additionally and/or alternatively, the status of the battery
assembly 200 can be obtained.

[0254] In certain embodiments, the battery management system 100 can prioritize
discharging of the selected batteries 210 to be in an order based on respective voltages across
the batteries 210. In some embodiments, the order can include a sequence. FIG. 11 shows an
exemplary flow chart of a method 800 for selecting batteries 210 for discharging. The method
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800 can include an evaluation process for two batteries 210. For example, the two batteries

210 can include batteries 2104, 210, (shown in FIG. 1).

[0255] A voltage difference AV between two batteries can be compared, at 801, with the
target voltage difference Vparc. Additionally and/or alternatively, a capacity difference AQ
between two batteries can be compared, at 801, with the target capacity difference Qgarc.

When at least one of the following conditions is met, the batteries 210 can be discharged

sequentially (at 802):
[0256] AV > Vparc ; and Equation (17)
[0257] AQ > QgaLc . Equation (18)

[0258] Thus, the battery management system 100 can discharge battery 210, prior to
discharging battery 210,. Stated somewhat differently, based on the selection, at 802, battery
210, can be selected for discharging and battery 210, is not yet selected for discharging. AV
and AQ can be calculated, for example, using Equation (2) and Equation (11). Vparc and
QsaLc can be predetermined and retrieved from the memory 120. When the voltage difference
AV is not greater than the target voltage difference Vparc, and the capacity difference AQ is
not greater than the target capacity difference Qgarc, that is:

[0259] AV < Vgarc: and Equation (19)
[0260] AQ < QgaLcs Equation (20)
[0261] the batteries can be charged simultaneously, at 803. Optionally, when Equations
(19) and (20) are satisfied during discharging, the battery management system 100 can
determine that at least some batteries are balanced, and the discharging can be stopped.

[0262] By using method 800, the battery management system 100 can select the batteries
210 to be discharged at a given moment. Stated somewhat differently, based on the method
800, the battery management system 100 can discharge batteries 210 having the highest
voltages and/or capacities, when the voltages decrease due to the discharging, batteries 210
having the second highest voltages and/or capacities can join the discharging. At the last stage
of discharging, the batteries 210 of the lowest voltage can join the discharging. Thus, after the
discharging, voltage and/or capacities difference between at least some of the batteries 210 can

be small. The discharging can thus balance the batteries.
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[0263] Similarly, method 800 can be implemented similarly for evaluating between cells
212, and/or cell groups. Calculation of the AV can be adjusted accordingly. For example,
when selecting between cells 2124, 212, in battery 210, for discharging, voltage difference AV
and the capacity difference AQ can be as follows:

[0264] AV =V1-V2=V;; —V,,;and Equation (21)
[0265] AQ=Q1-Q2=Q;; —Qy;. Equation (22)
[0266] Thus, after the discharging, voltage difference between at least some of the cells
212 can be small. The discharging can thus balance the cells 212. The cells 212 and/or cell
groups can be of uniform and/or different batteries 210.

[0267] Without selectively discharging cells 212 and/or batteries 210, the cells 212 and/or
batteries 210 can be discharged simultaneously. However, weak cells 212 and/or batteries 210
tend to have lower voltage than the other cells 212 and/or batteries 210, due to either higher
internal resistance or faster rate of discharge that results from their smaller capacity. For
example, if any of the weak cells 212 in a battery 210 hits an under-voltage-protection limit
while the total voltage of the battery 210 is still sufficient to power a load, the full capacity of
the battery 210 is not utilized. In another example, if any of the weak batteries 210 hits an
under-voltage-protection limit while the total voltage of the battery assembly 200 is still
sufficient to power a load, the full capacity of the battery assembly 200 is not utilized.

[0268] By using the method 800, the weakest cells 212 and/or batteries 210 are discharged
last so the stronger cells 212 and/or batteries 210 are discharged first to be fully utilized.
Additionally and/or alternatively, the battery assembly 200 can be balanced via the discharging.
[0269] FIG. 12 shows an exemplary flow chart of the method 1100. As shown in FIG. 12,
one or more batteries 210 can be selected, at 1130, based on the status of the batteries 210. The
batteries 210 can be selected for active balancing. The selected batteries 210 can include at
least one discharging battery 210 that has excess discharging capability. Excess discharging
capability can refer to ability of giving out energy and/or charge in addition to the energy
and/or charge drawn by discharging. For example, when a battery 210 is capable of outputting
20V at 10A and the load requires 20V at 5A, the battery 210 is capable of supplying more
power than requirement of the load. The battery 210 thus can have the excess discharging
capability. Additionally and/or alternatively, a discharging battery 210 having excess
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discharging capability can refer to the battery 210 having at least one discharging cell 212
having excess discharging capability. Active balancing between the batteries 210 selected, at
1130, can be controlled, at 1140.

[0270] Turning to FIG. 13, the battery management system 100 can control the balancing
path 300 to form between the batteries 210;, 2102 to transfer charge therebetween. FIG. 13
shows battery 210, as being a discharging battery and outputs energy/charge via a discharging
path 330. Battery 210, can have excess discharging capability and thus can output charge to
battery 210,.

[0271] FIG. 13 shows one discharging battery 210 as being actively balanced with another
battery 210. However, any number discharging batteries 210 can be actively balanced with any
uniform and/or different number of other batteries 210.

[0272] In certain embodiments, balancing the batteries 210 can include balancing selected
cell groups and/or cells 212 of the batteries 210. Turning to FIG. 14, the battery management
system 100 can form the balancing path 300 between cell groups 1, 2 of batteries 2104, 210, to
transfer charge therebetween. Cell group 1 can have excess discharging capability and thus
can output charge to cell group 2. Although FIG. 14 shows two cells 212 in each cell group,
the cell groups can include any uniform and/or different number of cells 212. Additionally
and/or alternatively, one cell 212 having excess discharging capability can output charge to
another cell 212.

[0273] Therefore, the weaker batteries 210 and/or cells 212 can be actively balanced with
stronger batteries 210 and/or cells 212. After the active balancing, when the weaker cells 212
start to discharge, the weak cells 212 can delay the time of reaching the cell under-voltage-
protection limit. The battery assembly 200 can advantageously discharge for a longer time.
[0274] The control processor 110 can select (at 1130, in FIG. 12) the batteries 210 for
active balancing based on any criteria. For example, method 600 (shown in FIG. 8) and
method 700 (shown in FIG. 9) can be used. Certain criteria can be adjusted because one or
more batteries 210 can be discharging during the active balancing. For example, at 602 and/or
at 702, calculation of the expected balancing current Igxp can be adjusted to include a
discharging current Ipiscgarce. That is, Equation (5) can be adjusted to be:

[0275]  Igxp = - + Ipiscrarce Equation (23)
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[0276] Thus, the total expected balancing current Igxp through a discharging battery 210
can be obtained. Safety of active balancing and/or discharging can advantageously be ensured.
[0277] FIG. 15 is an exemplary top-level flow chart illustrating a method 1200 for
balancing the battery assembly 200 in a charging state. In the charging state, the battery
assembly 200 can receive power from a power source directly and/or via a charger. A charger
can incorporate voltage regulation to control charging voltage applied to the battery assembly
200. Exemplary chargers can include switch mode regulator (or switcher), series regulator,
shunt regulator, buck regulator, pulsed charger, USB, and/or charger inductive charging.
[0278] The battery assembly 200 can receive power via the battery management system
100. The method 1200 can be implemented by the battery management system 100 (shown in
FIG. 1). One or more batteries of the battery assembly 200 are selected, at 1210, based on a
status of the batteries 210. Charging of the selected batteries is controlled, at 1220. By
charging selected batteries 210, the charging process can balance the battery assembly 200.
Additionally and/or alternatively, the status of the battery assembly 200 can be obtained.
[0279] In certain embodiments, the battery management system 100 can prioritize charging
of the selected batteries 210 to be in an order based on respective voltages and/or capacity of
the batteries 210. In some embodiments, the order can include a sequence of charging. FIG.
15 shows an exemplary flow chart of a method 900 for selecting batteries for charging the
batteries 210. The method 900 can include a selection process for two batteries. For example,
the two batteries can include batteries 2104, 210, (shown in FIG. 1).

[0280] A voltage difference AV between two batteries 210 can be compared, at 901, with
the target voltage difference Vparc. Additionally and/or alternatively, a capacity difference AQ
between two batteries 210 can be compared with the target capacity difference Qparc. When at
least one of the following conditions is met:

[0281] AV > Vparc ; and Equation (24)
[0282] AQ > Qgaic, Equation (25)
[0283] the batteries can be charged sequentially, at 902. Stated somewhat differently, the
system 100 can charge battery 210; (having a lower voltage/capacity) prior to charging battery
210,. In other words, battery 210, can be selected for charging, and battery 210, is not yet
selected for charging. When the voltage difference AV is not greater than the target voltage
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difference Vgarc, and the capacity difference AQ is not greater than the target capacity
difference Qgarc, that is:

[0284] AV < Vgarc ; and Equation (26)
[0285] AQ < Qgarcs Equation (27)
[0286] the batteries can be charged simultaneously, at 903. Optionally, when Equations
(26) and (27) are satisfied for at least some batteries 210, at least some batteries 210 are
balanced via charging, and the charging can be stopped.

[0287] The method 900 can be implemented on all the batteries 210 to determine the order
of charging. Thus, at a given moment, the battery management system 100 can select the
batteries 210 to be charged. Stated somewhat differently, based on the method 900, the battery
management system 100 can charge batteries 210 having the lowest voltages and/or capacities.
When the voltages and/or capacities increase due to the discharging, batteries 210 having the
second lowest voltages and/or capacities can join the charging. At the last stage of charging,
the batteries 210 of highest voltage and/or capacities can join. Thus, after the charging, voltage
and/or capacity difference between at least some of the batteries 210 can be small. The
charging can thus balance the batteries 210.

[0288] Similarly, method 900 can be implemented similarly for comparing between cells
212 and/or cell groups. The cells 212 and/or cell groups to be compared can be of uniform
and/or different batteries 210. Values of the target voltage difference Vgarc and/or target
capacity difference Qgarc can be adjusted accordingly based on whether comparison is
between batteries 210, cells 212, and/or cell groups.

[0289] Without selectively charging cells 212 and/or batteries 210, the cells 212 and/or
batteries 210 can be charged simultaneously. Weak batteries 210 and/or cells 212 are likely to
be over-charged, and tend to exhibit higher voltage than other batteries 210 and/or cells 212 at
full charge termination. The higher voltage of weak cells 212 at charge completion can lead to
accelerated capacity degradation. Weak cells 212 can be weakened further by continuous
overcharge cycles. By using method 900, weak cells 212 and/or batteries 210 can be balanced
with other cells 212 and/or batteries 210 at full charge termination. Over-charge damage can

be advantageously prevented.
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[0290] FIG. 17 shows battery 210, as being coupled with a battery management unit (BMU)
400. The BMU 400 can be coupled with one or more cells 212 in the battery 210. In certain
embodiments, the BMU 400 can be coupled with each cell 212 in the battery 210. The battery
management system 100 can communicate with the BMU 400 and instruct the BMU 400 to
switch to selected cells 212 for active balancing, discharging, and/or charging.

[0291] Although FIG. 17 shows one battery 210 as individually coupled with one BMU
400, any number of batteries 210 can be respectively coupled with a uniform and/or different
BMU 400. Additionally and/or alternatively, certain batteries can share a common BMU 400.
One battery 210 can be coupled with one or more uniform and/or different BMUs 400. In
certain embodiments, each battery 210 of the battery assembly 200 can be coupled with a
respective BMU 400.

[0292] FIG. 18 shows an exemplary embodiment of the BMU 400. FIG. 18 shows the
BMU 400 as including a BMU processor (or microcontroller) 410. The BMU processor 410
can be provided in a similar manner as the control processor 110 (shown in FIG. 3). The BMU
400 can include a memory (not shown) for storing various software programs and/or sets of
instructions to be run (or executed) by the BMU processor 410.

[0293] The BMU 400 can include one or more cell switch devices 460 for controlling
electrical connections to individual cells 212 in response to one or more control signals from
the BMU processor 410. The cell switch devices 460 can be provided in a similar manner as
the switch devices 160 (shown in FIG. 3). Similar to the coupling between the control
processor 110 and the switch devices 160, the BMU processor 410 and the cell switch devices
460 can be coupled directly and/or indirectly via one or more intermediate system components
of the BMU 400. Optionally, the BMU processor 410 can be at least partially integrated with
one or more of the cell switch devices 460.

[0294] The BMU 400 can include a protective circuit 470 for protecting each cell 212 from
out-of-tolerance ambient and/or operating conditions. In some embodiments, the protection
circuit 470 can control the cell switch devices 460 for isolating a selected cell 212 under
undesirable conditions.

[0295] Additionally and/or alternatively, the BMU 400 can include a detector 430 for
detecting a status of each cell 212. The detector can include one or more sensors (not shown)
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for sensing status of the cell 212. Additionally and/or alternatively, the BMU 400 can
configure connection between cells 212 to be in parallel and/or in series to deliver desired
voltage, current, capacity, or power density of the battery 210.

[0296] The BMU 400 can be coupled with the battery management system 100 via power
connectors, data lines, and/or buses. Additionally and/or alternatively, the BMU 400 can
include one or more input/output interfaces 440 to permit data communication and/or electric
charge transport between the BMU 400 and the battery management system 100 (shown in FIG.
3).

[0297] Although the BMU 400 is shown in FIG. 17 as being separated from the battery
management system 100, the BMU 400 can be at least partially integrated with the battery
management system 100. For example, the BMU processor 410 can be at least partially
integrated with the control processor 110 (shown in FIG. 3). Additionally and/or alternatively,
the detector 430 can be at least partially integrated with the detector 130. In other words, the
BMU 400 and the battery management system 100 can cooperatively operate as a battery
balancing system.

[0298] Turning to FIG. 19, each battery 210 is shown as being coupled with a respective
BMU 400. Each cell 212 can be electrically connected to other circuit components via cell
lines 304 A (positive terminal), 304B (negative terminal). The BMU 400 can switch on/off the
cell lines 304A, 304B by controlling cell switch devices 460. The cell lines 304A, 304B can
transport electric charge into and/or out of a cell. Additionally and/or alternatively, the cell
switch devices 460 can be controlled by the protection circuit 470 (shown in FIG. 18) for
isolating the cells 212 under undesirable conditions.

[0299] FIG. 19 shows the BMUs 400 as being coupled together via battery lines 302A
(positive terminal), 302B (negative terminal). The battery lines 302A can be used for
transferring electric charge and/or power. The control processor 110 can switch on/off the
battery lines 302A, 302B by controlling the switch devices 160. FIG. 19 shows a control line
321 for outputting control signal from the control processor 110. The switch devices 160 can
be switched on/off based on the control signal.

[0300] As the control processor 110 selects batteries and/or cells for active balancing,
discharging, and/or charging, the control processor 110 can select one or more switch devices
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160 and/or one or more cell switch devices 460 to be turned on and/or off. Thus, an electrical
circuit (such as the balancing path 300 shown in FIG. 5) can be formed for transporting charge
between selected batteries and/or cells.

[0301] Additionally and/or alternatively, the control processor 110 and each BMU 400 can
communicate via a communication line 180. The BMU 400 can send status of the cells 212 to
the control processor 110 via the communication line 180. The control processor 110 can send
instructions to the BMU processor 410 (shown in FIG. 18) of the BMU 400, so the BMU
processor 410 can activate/deactivate selected cell switch devices 460 to switch to a
corresponding cell 212 for balancing.

[0302] In certain embodiments, the BMU 400 and/or the control processor 110 do not
necessarily selectively activate/deactivate individual cell switch devices 460 corresponding to a
battery 210. Thus, the BMU 400 can balance, discharge, and/or charge all the cells 212 of the
battery 210, and the control processor 110 can select and/or switch to the battery 210 as a
single unit.

[0303] Various embodiments further disclose computer program product comprising
instructions for balancing the battery assembly 200. The program/software can be stored in a
(non-transitory) computer-readable storage medium including, e.g., Read-Only Memory
(ROM), Random Access Memory (RAM), internal memory, register, computer hard disk,
removable disk, CD-ROM, optical disk, floppy disk, magnetic disk, or the like. The
program/software can include coded instructions to instruct one or more processors on a
computer device to execute the methods in accordance with various disclosed embodiments.
[0304] The disclosed embodiments are susceptible to various modifications and alternative
forms, and specific examples thereof have been shown by way of example in the drawings and
are herein described in detail. It should be understood, however, that the disclosed
embodiments are not to be limited to the particular forms or methods disclosed, but to the
contrary, the disclosed embodiments are to cover all modifications, equivalents, and

alternatives.
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CLAIMS

What is claimed is:

1. A method for balancing a battery assembly comprising a plurality of batteries in
a static state, comprising:
selecting two or more of the batteries based on a status of the batteries; and

controlling active balancing between the selected batteries.

2. The method of claim 1, wherein said controlling comprises controlling a

balancing path between the selected batteries to transfer charge therebetween.

3. The method of claim 2, wherein each of the batteries comprises a plurality of
cells connected in parallel and/or in series, and said selecting comprises selecting cells

in different batteries of the selected batteries.

4. The method of claim 3, wherein said controlling comprises controlling a

balancing path between the selected cells to transfer charge therebetween.

5. The method of any one of claims 2-4, further comprising isolating a particular
battery of the selected batteries from the balancing path upon detecting a current

through the particular battery being outside a predetermined current range.

6. The method of any one of claims 2-5, further comprising isolating a particular
battery of the selected batteries from the balancing path upon detecting a voltage across

the particular battery being outside a predetermined voltage range.

7. The method of any one of claims 1-6, further comprising obtaining the status of

the batteries.

8. The method of claim 7, wherein said obtaining comprises obtaining the status of
the batteries, the status comprising a voltage, a capacity, a current, or a combination

thereof.
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9. The method of any one of claims 1-8, wherein said selecting comprises
selecting the two or more batteries when a difference between respective voltages

across the two or more batteries is outside a predetermined voltage difference range.

10. The method of claim 9, wherein said selecting comprises selecting the two or
more batteries when the difference between the respective voltages across the two or

more batteries is greater than a predetermined voltage threshold.

11. The method of any one of claims 1-10, wherein said selecting comprises
selecting the two or more batteries when a difference between respective capacities of

the two or more batteries is outside a predetermined capacity difference range.

12. The method of claim 11, wherein said selecting comprises selecting the two or
more batteries when the difference between the respective capacities of the two or more

batteries is greater than a predetermined capacity threshold.

13. The method of any one of claims 1-12, wherein said selecting comprises
selecting the two or more batteries when an expected balancing current through the two

or more batteries is within a predetermined balancing current range.

14. The method of claim 13, wherein said selecting comprises selecting the two or
more batteries when the expected balancing current through the two or more batteries is

less than a predetermined current threshold.

15. The method of any one of claims 1-14, wherein at least one battery of the
battery assembly comprises a plurality of cells and is coupled with a battery
management unit (BMU), and wherein said controlling comprises controlling the BMU

to switch to one or more of the cells of the at least one battery for balancing.

16. A system for balancing a battery assembly comprising a plurality of batteries in
a static state, comprising:
one or more processors individually or collectively configured to:

select two or more of the batteries based a status of the batteries; and
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control active balancing between the selected batteries.

17. The system of claim 16, wherein said processors are configured to control a

balancing path between the selected batteries to transfer charge therebetween.

18. The system of claim 17, wherein each of the batteries comprises a plurality of
cells connected in parallel and/or in series, and said processors are configured to select

cells in different batteries of the selected batteries.

19. The system of claim 18, wherein said processors are configured to control a

balancing path between the selected cells to transfer charge therebetween.

20. The system of any one of claims 17-19, further comprising a protection circuit
for isolating a particular battery of the selected batteries from the balancing path upon
detecting a current through the particular battery being outside a predetermined current

range.

21. The system of any one of claims 17-20, further comprising a protection circuit
for isolating a particular battery of the selected batteries from the balancing path upon
detecting a voltage across the particular battery being outside a predetermined voltage

range.

22. The system of any one of claims 17-21, wherein said processors are configured

to obtain the status of the batteries.

23. The system of claim 22, wherein the obtained status of the batteries comprises a

voltage, a capacity, a current, or a combination thereof.

24. The system of any one of claims 1-22, wherein said processors are configured to
select the two or more batteries when a difference between respective voltages across

the two or more batteries is outside a predetermined voltage difference range.
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25. The system of claim 24, wherein said processors are configured to select the two
or more batteries when the difference between the respective voltages across the two or

more batteries is greater than a predetermined voltage threshold.

26. The system of any one of claims 1-25, wherein said processors are configured to
select the two or more batteries when a difference between respective capacities of the

two or more batteries is outside a predetermined capacity difference range.

27. The system of claim 26, wherein said processors are configured to select the two
or more batteries when the difference between the respective capacities of the two or

more batteries is greater than a predetermined capacity threshold.

28. The system of any one of claims 1-27, wherein said processors are configured to
select the two or more batteries when an expected balancing current through the two or

more batteries is within a predetermined balancing current range.

29. The system of claim 28, wherein said processors are configured to select the two
or more batteries when the expected balancing current through the two or more

batteries is less than a predetermined current threshold.

30. The system of any one of claims 16-29, wherein at least one battery of the
battery assembly comprises a plurality of cells and is coupled with a battery
management unit (BMU), and wherein said processors are configured to control the

BMU to switch to one or more cells of the at least one battery for balancing.

31. An apparatus for battery balancing in a static state, comprising:
a battery assembly comprising a plurality of batteries; and

the system of any one of claims 16-30 coupled with the batteries.

32. A non-transitory computer-readable storage medium comprising machine-
executable code that, upon execution by one or more processors, implements the
method for balancing a battery assembly comprising a plurality of batteries in a static

state in accordance with any one of claims 1-15.
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33. A method for balancing a battery assembly comprising a plurality of batteries in
a discharging state, comprising:
selecting one or more of the batteries based on a status of the batteries; and

controlling discharging of the selected batteries for balancing the batteries.

34. The method of claim 33, further comprising obtaining status of the batteries.

35. The method of claim 33 or claim 34, wherein said controlling comprises
prioritizing the discharging of the selected batteries to be in an order based on

respective voltages across the batteries.

36. The method of claim 35, wherein said prioritizing comprises prioritizing in such
a way that a first battery of the batteries is discharged prior to a second battery of the
batteries when a voltage across the first battery is greater than a voltage across the

second battery by a difference greater than a target voltage difference.

37. The method of claim 35 or claim 36, wherein said prioritizing comprises
prioritizing in such a way that first and second batteries of the batteries are
simultaneously discharged when a difference between voltages across the first and

second batteries is less than or equal to a target voltage difference.

38. The method of any one of claims 33-37, further comprising:
selecting two or more of the batteries for active balancing based on said obtaining; and

controlling active balancing between the two or more selected batteries.

39. The method of claim 38, wherein said selecting comprises selecting a

discharging battery of the batteries that has excess discharging capability.

40. The method of claim 38 or claim 39, wherein said controlling comprises
controlling a balancing path between the selected batteries to transfer charge

therebetween.
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41. The method of claim 40, wherein each of the batteries comprises a plurality of
cells connected in parallel and/or in series, and said selecting comprises selecting cells

in the selected batteries.

42. The method of claim 41, wherein said controlling comprises controlling a

balancing path between the selected cells to transfer charge therebetween.

43. The method of any one of claims 40-42, further comprising isolating a particular
battery of the selected batteries from the balancing path upon detecting a current

through the particular battery being outside a predetermined current range.

44, The method of any one of claims 40-43, further comprising isolating a particular
battery of the selected batteries from the balancing path upon detecting a voltage across

the particular battery being outside a predetermined voltage range.

45. The method of any one of claims 38-44, wherein said selecting comprises
selecting the two or more batteries when a difference between respective voltages

across the two or more batteries is outside a predetermined voltage difference range.

46. The method of claim 45, wherein said selecting comprises selecting the two or
more batteries when the difference between the respective voltages across the two or

more batteries is greater than a predetermined voltage threshold.

47. The method of any one of claims 38-46, wherein said selecting comprises
selecting the two or more batteries when a difference between respective capacities of

the two or more batteries is outside a predetermined capacity difference range.

48. The method of claim 47, wherein said selecting comprises selecting the two or
more batteries when the difference between the respective capacities of the two or more

batteries is greater than a predetermined capacity threshold.

49. The method of any one of claims 38-48, wherein said selecting comprises
selecting the two or more batteries when an expected balancing current through the two
or more batteries is within a predetermined balancing current range.
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50. The method of claim 49, wherein said selecting comprises selecting the two or
more batteries when the expected balancing current through the two or more batteries is

less than a predetermined current threshold.

51. A system for balancing a battery assembly comprising a plurality of batteries in
a discharging state, comprising:
one or more processors individually or collectively configured to:

select one or more of the batteries based on a status of the batteries; and

control discharging of the selected batteries to balance the batteries.

52. The system of claim 51, wherein said processors are configured to obtain the

status of the batteries.

53. The system of claim 51 or claim 52, wherein said processors are configured to
prioritize the discharging of the selected batteries in an order based on respective

voltages across the batteries.

54. The system of claim 53, wherein said processors are configured to prioritize the
discharging in such a way that a first battery of the batteries is discharged prior to a
second battery of the batteries when a voltage across the first battery is greater than a

voltage across the second battery by a difference greater than a target voltage difference.

55. The system of claim 53 or claim 54, wherein said processors are configured to
prioritize the discharging in such a way that first and second batteries of the batteries
are simultaneously discharged when a difference between voltages across the first and

second batteries is less than or equal to a target voltage difference.

56. The system of any one of claims 51-55, wherein said processors are configured
to:
select two or more of the batteries for active balancing based on said obtaining; and

control active balancing between the two or more selected batteries.
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57. The system of claim 56, wherein said processors are configured to select a

discharging battery of the batteries that has excess discharging capability.

58. The system of claim 56 or 57, wherein said processors are configured to control

a balancing path between the selected batteries to transfer charge therebetween.

59. The system of claim 58, wherein each of the batteries comprises a plurality of
cells connected in parallel and/or in series, and said processors are configured to select

cells in the selected batteries.

60. The system of claim 59, wherein said processors are configured to control a

balancing path between the selected cells to transfer charge therebetween.

61. The system of any one of claims 58-60, wherein said processors are configured
to isolate a particular battery of the selected batteries from the balancing path upon
detecting a current through the particular battery being outside a predetermined current

range.

62. The system of any one of claims 58-61, wherein said processors are configured
to isolate a particular battery of the selected batteries from the balancing path upon
detecting a voltage across the particular battery being outside a predetermined voltage

range.

63. The system of any one of claims 56-62, wherein said processors are configured
to select the two or more batteries when a difference between respective voltages across

the two or more batteries is outside a predetermined voltage difference range.

64. The system of claim 63, wherein said processors are configured to select the two
or more batteries when the difference between the respective voltages across the two or

more batteries is greater than a predetermined voltage threshold.

65. The system of any one of claims 56-64, wherein said processors are configured
to select the two or more batteries when a difference between respective capacities of
the two or more batteries is outside a predetermined capacity difference range.
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66. The system of claim 65, wherein said processors are configured to select the two
or more batteries when the difference between the respective capacities of the two or

more batteries is greater than a predetermined capacity threshold.

67. The system of any one of claims 56-66, wherein said processors are configured
to select the two or more batteries when an expected balancing current through the two

or more batteries is within a predetermined balancing current range.

68. The system of claim 67, wherein said processors are configured to select the two
or more batteries when the expected balancing current through the two or more

batteries is less than a predetermined current threshold.

69. An apparatus for battery balancing in a discharging state, comprising:
a battery assembly comprising a plurality of batteries; and

the system of any one of claims 51-68 coupled with the batteries.

70. A non-transitory computer-readable storage medium comprising machine-
executable code that, upon execution by one or more processors, implements the
method for balancing a battery assembly comprising a plurality of batteries in a

discharging state in accordance with any one of claims 33-50.

71. A method for balancing a battery assembly comprising a plurality of batteries in
a charging state, comprising:
selecting one or more of the batteries based on a status of the batteries; and

controlling charging of the selected batteries for balancing the batteries.

72. The method of claim 71, further comprising obtaining a status of the batteries.

73. The method of claim 71 or claim 72, wherein said controlling comprises
prioritizing the charging of the selected batteries to be in an order based on respective

voltages across the selected batteries.
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74. The method of claim 73, wherein said prioritizing comprises prioritizing in such
a way that a first battery of the batteries is charged prior to a second battery of the
batteries when a voltage across the second battery is greater than a voltage across the

first battery by a difference greater than a target voltage difference.

75. The method of claim 73 or claim 74, wherein said prioritizing comprises
prioritizing in such a way that first and second batteries of the batteries are
simultaneously charged when a difference between voltages across the first and second

batteries is less than or equal to a target voltage difference.

76. The method of any one of claims 71-75, wherein said controlling comprises
prioritizing the charging of the selected batteries to be in an order based on respective

capacities of the selected batteries.

77. The method of claim 76, wherein said prioritizing comprises prioritizing in such
a way that a first battery of the batteries is charged prior to a second battery of the
batteries when a capacity of the second battery is greater than a capacity of the first

battery by a difference greater than a target capacity difference.

78. The method of claim 76 or claim 77, wherein said prioritizing comprises
prioritizing in such a way that first and second batteries of the batteries are
simultaneously charged when a difference between capacities of the first and second

batteries is less than or equal to a target capacity difference.

79. The method of any one of claims 71-75, wherein each of the batteries comprises
a plurality of cells connected in parallel and/or in series, wherein said controlling
comprises:

selecting one or more cells of the batteries based on said obtaining; and

controlling charging of the selected cells for balancing the cells.

80. The method of claim 79, wherein said controlling comprises prioritizing the
charging of the selected cells to be in an order based on respective voltages across the
selected cells.
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81. The method of claim 80, wherein said prioritizing comprises prioritizing in such
a way that a first cell of the selected cells is charged prior to a second cell of the
selected cells when a voltage across the second cell is greater than a voltage across the

first cell by a difference greater than a target voltage difference.

82. The method of claim 80 or claim 81, wherein said prioritizing comprises
prioritizing in such a way that first and second cells of the cells are simultaneously
charged when a difference between voltages across the first and second cells is less than

or equal to a target voltage difference.

83. The method of any one of claims 79-82, wherein said controlling comprises
prioritizing the charging of the selected cells to be in an order based on respective

capacities across the selected cells.

84. The method of claim 83, wherein said prioritizing comprises prioritizing in such
a way that a first cell of the selected cells is charged prior to a second cell of the
selected cells when a capacity of the second cell is greater than a capacity of the first

cell by a difference greater than a target capacity difference.

85. The method of claim 83 or claim 84, wherein said prioritizing comprises
prioritizing in such a way that first and second cells of the cells are simultaneously
charged when a difference between capacities of the first and second cells is less than

or equal to a target capacity difference.

86. A system for balancing a battery assembly comprising a plurality of batteries in
a charging state, comprising:
one or more processors individually or collectively configured to:

select one or more of the batteries based on a status of the batteries; and

control charging of the selected batteries to balance the batteries.

87. The system of claim 87, wherein said processors are configured to obtain the

status of the batteries.
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88. The system of claim 86 or claim 87, wherein said processors are configured to
prioritize the charging of the selected batteries to be in an order based on respective

voltages across the selected batteries.

89. The system of claim 88, wherein said processors are configured to prioritize in
such a way that a first battery of the batteries is charged prior to a second battery of the
batteries when a voltage across the second battery is greater than a voltage across the

first battery by a difference greater than a target voltage difference.

90. The system of claim 88 or claim 89, wherein said processors are configured to
prioritize in such a way that first and second batteries of the batteries are
simultaneously charged when a difference between voltages across the first and second

batteries is less than or equal to a target voltage difference.

91. The system of any one of claims 86-90, wherein said processors are configured
to prioritize the charging of the selected batteries to be in an order based on respective

capacities across the selected batteries.

92. The system of claim 91, wherein said processors are configured to prioritize in
such a way that a first battery of the batteries is charged prior to a second battery of the
batteries when a capacity of the second battery is greater than a capacity of the first

battery by a difference greater than a target capacity difference.

93. The system of claim 91 or claim 92, wherein said processors are configured to
prioritize in such a way that first and second batteries of the batteries are
simultaneously charged when a difference between capacities of the first and second

batteries is less than or equal to a target capacity difference.

94. The system of any one of claims 86-93, wherein each of the batteries comprises
a plurality of cells connected in parallel and/or in series, wherein said processors are
configured to:

select one or more cells of the batteries based on said obtaining; and

control charging of the selected cells for balancing the cells.
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95. The system of claim 94, wherein said processors are configured to prioritize the
charging of the selected cells in an order based on respective voltages across the

selected cells.

96. The system of claim 95, wherein said processors are configured to prioritize in
such a way that a first cell of the selected cells is charged prior to a second cell of the
selected cells when a voltage across the second cell is greater than a voltage across the

first cell by a difference greater than a target voltage difference.

97. The system of claim 95 or claim 96, wherein said processors are configured to
prioritize in such a way that first and second cells of the cells are simultaneously
charged when a difference between voltages across the first and second cells is less than

or equal to a target voltage difference.

98. The system of any one of claims 94-97, wherein said processors are configured
to prioritize the charging of the selected cells in an order based on respective capacities

of the selected cells.

99. The system of claim 98, wherein said processors are configured to prioritize in
such a way that a first cell of the selected cells is charged prior to a second cell of the
selected cells when a capacity of the second cell is greater than a capacity of the first

cell by a difference greater than a target capacity difference.

100. The system of claim 98 or claim 99, wherein said processors are configured to
prioritize in such a way that first and second cells of the cells are simultaneously
charged when a difference between capacities of the first and second cells is less than

or equal to a target capacity difference.

101.  An apparatus for battery balancing in a charging state, comprising:
a battery assembly comprising a plurality of batteries; and

the system of any one of claims 86-100 coupled with the batteries.

102. A non-transitory computer-readable storage medium comprising machine-

executable code that, upon execution by one or more processors, implements the
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method for balancing a battery assembly comprising a plurality of batteries in a

charging state in accordance with any one of claims 71-85.
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