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METHOD AND SYSTEM WITH BATTERY
MANAGEMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit under 35 USC §
119(a) of Indian Provisional Patent Application No.
202041039206, filed on Sep. 10, 2020, in the Indian Patent
Office, Indian Non-Provisional Application 202041039206
filed on May 10, 2021, in the Indian Patent Office, and
Korean Patent Application No. 10-2021-0102090, filed on
Aug. 3, 2021, in the Korean Intellectual Property Office, the
entire disclosures of which are incorporated by reference for

all purposes.

BACKGROUND

1. Field

[0002] The following description relates to methods and
systems with battery management.

2. Description of Related Art

[0003] Real-time on-line estimation of peak performance
limits of battery-operated systems and devices (such as
mobile phones, electrical vehicle (EV), and so on) may
provide for a smooth user experience. An example task may
be the peak power and energy availability estimation, where
the peak power and energy availability estimation predicts a
drawable power, e.g., a maximum drawable power, at any
instant, and available energy capacity from the battery-
operated systems and devices until shutdown.

[0004] On multiple occasions, the battery-operated sys-
tems and devices may go into a shut down mode without any
prior indication to the user, especially when near an end of
discharge of the battery or when there are environmental
changes in performance influencing parameters like ambient
temperature. This problem occurs as empirical and look up
table-based predictions of maximum current/available
energy is done. The look up tables and formulations do not
take into account the physics of the battery especially when
there are changes in sensitive parameters like temperature.

[0005] In an example, it is quite possible that a user of the
electronic device may want to use applications that utilize a
great deal of power, such as gaming applications on the
electronic device (e.g., smart phone). Thus, the demand for
instantaneous power increases on the electronic device, so
that the battery may shut down without notice.

[0006] In another example, the user of the EV may sud-
denly increase a load on the EV due to a steep incline in a
roadway. Thus, the demand for instantaneous power
increases. This may cause the battery to shut down without
any notice.

[0007] In another example, the user of the electronic
device might have moved from a relatively warm environ-
ment to a cold environment. Existing methods may fail to
accurately incorporate the effect of performance influencing
parameters, such as temperature, on the battery. The signifi-
cant drop in maximum extractable current with drop in
temperature is not captured by the existing methods. Hence,
the battery may shut down without any notice to the user.
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SUMMARY

[0008] This Summary is provided to introduce a selection
of concepts in a simplified form that are further described
below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used as an aid
in determining the scope of the claimed subject matter.
[0009] In a general aspect, a battery management method
includes determining, by a battery management system, a
load and energy estimation model based on at least one
acquired parameter associated with the battery, wherein the
at least one parameter comprises a current level, a voltage
level, a state of charge (SOC), a temperature, or a combi-
nation of at least two of the parameters thereof; identifying,
by the battery management system, a power limit of the
battery based on the determined load and determined energy
estimation model; determining, by the battery management
system, a power margin of the battery at a first usage time
interval based on the identified power limit; and performing,
by the battery management system, at least one action, based
on a determination that the power margin of the battery
exceeds a predefined threshold level.

[0010] The at least one parameter may be acquired by the
battery management system.

[0011] The determining, by the battery management sys-
tem, of the load and energy estimation model may include:
obtaining, by the battery management system, a pulse dura-
tion of the battery, a depth of discharge of the battery, a
cut-off voltage associated with a pre-set voltage of the
battery, and a temperature of the battery at a first time
interval based on the at least one acquired parameters; and
determining, by the battery management system, the load
and energy estimation model based on the pulse duration of
the battery, the depth of discharge of the battery, the cut-off
voltage associated with the pre-set voltage of the battery, and
the temperature of the battery.

[0012] The at least one action may include notifying a user
to close at least one application running in an electronic
device, notifying the user to close at least one background
application running in the electronic device, reducing a
clock speed of a processor of the electronic device, notifying
the user of a remaining capacity of the battery, notifying the
user of a maximum current extractable from the battery at a
discharge condition, notify the user of a temperature depen-
dent effect of the battery, predicting a state of health (SOH)
of the battery, providing a route based on power demands in
a vehicle, notify a user of the vehicle to charge the battery,
or a combination of at least two of the actions thereof.
[0013] The load and energy estimation model may be
determined based on a change in at least one of an ambient
temperature of the battery and a cell temperature of the
battery.

[0014] The load and energy estimation model may be
determined when a discharge mode of the battery is changed
from a first level to a second level.

[0015] The SOH of the battery may be predicted by:
obtaining a maximum current profile associated with a fresh
battery; estimating a maximum current profile associated
with the battery based on the load and energy estimation
model; determining a ratio of the estimated maximum
current profile associated with the battery with the maximum
current profile associated with the fresh battery; and pre-
dicting the SOH of the battery based on the determined ratio.
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[0016] In a general aspect, a battery management system
includes one or more processors; a memory; and a load and
energy estimation model configuration controller, coupled
with the one or more processors and the memory, and
configured to: determine a load and energy estimation model
based on at least one acquired parameter associated with the
battery, wherein the at least one parameter comprises a
current level, a voltage level, a state of charge (SOC), a
temperature, or a combination of at least two of the param-
eters thereof, determine a load and energy estimation model
based on the at least one acquired parameter, identify a
power limit of the battery based on the load and energy
estimation model, determine a power margin of the battery
at a first usage time interval based on the identified power
limit, and perform at least one action based on a determi-
nation that the power margin of the battery exceeds a
predefined threshold level.

[0017] The at least one parameter may be acquired by the
battery management system.

[0018] The determining of the load and energy estimation
model may include obtaining a pulse duration of the battery,
a depth of discharge of the battery, a cut-off voltage asso-
ciated with a pre-set voltage of the battery, and a temperature
of the battery at a first time interval based on the at least one
acquired parameter; and determining the load and energy
estimation model based on the pulse duration of the battery,
the depth of discharge of the battery, the cut-off voltage
associated with the pre-set voltage of the battery, and the
temperature of the battery.

[0019] The at least one action may include notifying a user
to close at least one application running in an electronic
device, notifying the user to close at least one background
application running in the electronic device, reducing a
clock speed of a processor of the electronic device, notifying
the user of a remaining capacity of the battery, notifying the
user of a maximum current extractable from the battery at a
discharge condition, notifying the user of a temperature
dependent effect of the battery, predicting a state of health
(SOH) of the battery, providing a route based on power
demands of a vehicle, notify a user of the vehicle to charge
the battery, or a combination of at least two of the actions
thereof.

[0020] The load and energy estimation model may be
determined based on a change in at least one of an ambient
temperature of the battery and a cell temperature of the
battery.

[0021] The load and energy estimation model may be
determined when a discharge mode of the battery is changed
from a first level to a second level.

[0022] The SOH of the battery may be predicted by:
obtaining a maximum current profile associated with a fresh
battery; estimating a maximum current profile associated
with the battery based on the load and energy estimation
model; determining a ratio of the estimated maximum
current profile associated with the battery with the maximum
current profile associated with the fresh battery; and pre-
dicting the SOH of the battery based on the determined ratio.
[0023] In a general aspect, an apparatus includes one or
more processors, configured to: determine a load and energy
estimation model based on an obtained parameter associated
with a battery; identify a power limit of the battery based on
the determined load and energy estimation model; determine
a power margin of the battery at a usage time interval based
on the identified power limit, and perform a user-based
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action when the power margin is determined to exceed a
predetermined threshold level.

[0024] The apparatus may be at least one of an electronic
device and an electric vehicle.

[0025] The at least one battery-related parameter may
include a current level, a voltage level, a state of charge
(SOC), and a temperature.

[0026] The user-based action may include at least one of
notifying a user to close at least one application running in
an electronic device, notifying the user to close at least one
background application running in the electronic device,
reducing a clock speed of a processor of the electronic
device, notifying the user of a remaining capacity of the
battery, notifying the user of a maximum current extractable
from the battery at a discharge condition, notifying the user
of a temperature dependent effect of the battery, predicting
a state of health (SOH) of the battery, providing a route
based on power demands of a vehicle, notify a user of the
vehicle to charge the battery.

[0027] Other features and aspects will be apparent from
the following detailed description, the drawings, and the
claims.

BRIEF DESCRIPTION OF DRAWINGS

[0028] FIG. 1 illustrates various hardware components of
an example battery management system, in accordance with
one or more embodiments.

[0029] FIG. 2 illustrates various hardware components of
an example load and energy estimation model configuration
controller, in accordance with one or more embodiments.
[0030] FIG. 3 illustrates a flow diagram illustrating a
battery management method, in accordance with one or
more embodiments.

[0031] FIGS. 4a-4c are example graphs in which power
limit management at different scenarios of temperature and
discharge SOC is depicted, in accordance with one or more
embodiments.

[0032] FIG. 5 is an example graph in which power limit
management profile with different ambient temperature trig-
gers during operation is depicted, in accordance with one or
more embodiments.

[0033] FIG. 6 is an example graph in which power limit
management profile with cell and ambient temperatures is
depicted, in accordance with one or more embodiments.
[0034] FIG. 7 is an example graph in which available
capacity profile at different temperatures with discharge time
is depicted, in accordance with one or more embodiments.
[0035] FIG. 8 is an example graph in which effect of
resistive and capacity loss on degradation via a power limit
management profile is depicted, in accordance with one or
more embodiments.

[0036] Throughout the drawings and the detailed descrip-
tion, unless otherwise described or provided, the same
drawing reference numerals will be understood to refer to
the same, or like, elements, features, and structures. The
drawings may not be to scale, and the relative size, propor-
tions, and depiction of elements in the drawings may be
exaggerated for clarity, illustration, and convenience.

DETAILED DESCRIPTION

[0037] The following detailed description is provided to
assist the reader in gaining a comprehensive understanding
of the methods, apparatuses, and/or systems described
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herein. However, various changes, modifications, and
equivalents of the methods, apparatuses, and/or systems
described herein will be apparent after an understanding of
the disclosure of this application. For example, the
sequences of operations described herein are merely
examples, and are not limited to those set forth herein, but
may be changed as will be apparent after an understanding
of the disclosure of this application, with the exception of
operations necessarily occurring in a certain order. Also,
descriptions of features that are known after an understand-
ing of the disclosure of this application may be omitted for
increased clarity and conciseness, noting that omissions of
features and their descriptions are also not intended to be
admissions of their general knowledge.

[0038] The features described herein may be embodied in
different forms, and are not to be construed as being limited
to the examples described herein. Rather, the examples
described herein have been provided merely to illustrate
some of the many possible ways of implementing the
methods, apparatuses, and/or systems described herein that
will be apparent after an understanding of the disclosure of
this application.

[0039] Although terms such as “first,” “second,” and
“third” may be used herein to describe various members,
components, regions, layers, or sections, these members,
components, regions, layers, or sections are not to be limited
by these terms. Rather, these terms are only used to distin-
guish one member, component, region, layer, or section
from another member, component, region, layer, or section.
Thus, a first member, component, region, layer, or section
referred to in examples described herein may also be
referred to as a second member, component, region, layer, or
section without departing from the teachings of the
examples.

[0040] Throughout the specification, when an element,
such as a layer, region, or substrate is described as being
“on,” “connected to,” or “coupled to” another element, it
may be directly “on,” “connected to,” or “coupled to” the
other element, or there may be one or more other elements
intervening therebetween. In contrast, when an element is
described as being “directly on,” “directly connected to,” or
“directly coupled to” another element, there can be no other
elements intervening therebetween.

[0041] The terminology used herein is for describing
various examples only, and is not to be used to limit the
disclosure. The articles “a,” “an,” and “the” are intended to
include the plural forms as well, unless the context clearly
indicates otherwise. The terms “comprises,” “includes,” and
“has” specify the presence of stated features, numbers,
operations, members, elements, and/or combinations
thereof, but do not preclude the presence or addition of one
or more other features, numbers, operations, members, ele-
ments, and/or combinations thereof.

[0042] Unless otherwise defined, all terms, including tech-
nical and scientific terms, used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this disclosure pertains and after an understand-
ing of the disclosure of this application. Terms, such as those
defined in commonly used dictionaries, are to be interpreted
as having a meaning that is consistent with their meaning in
the context of the relevant art and the disclosure of this
application, and are not to be interpreted in an idealized or
overly formal sense unless expressly so defined herein.
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[0043] The terms “power limit management”, “power
limit estimation”, “current limit estimate (CLE)” and “load
and energy estimation model” are used interchangeably in

the following disclosure.

[0044] Examples herein are related to a battery manage-
ment method. Such a method includes acquiring, by a
battery management system, one or more parameters asso-
ciated with the battery. The one or more parameters include
a current level, a voltage level, a State of Charge (SOC), a
temperature, or a combination of at least one or two thereof.
Further, such a method includes determining, by the battery
management system, a load and energy estimation model
based on the one or more acquired parameters. Further, such
a method includes identifying, by the battery management
system, a power limit of the battery based on the load and
energy estimation model. Further, such a method includes
determining, by the battery management system, a power
margin of the battery at a first usage time interval based on
the identified power limit. Further, such a method includes
performing, by the battery management system, one or more
actions, on determining that the power margin of the battery
exceeds a predefined threshold level.

[0045] Unlike typical methods and systems, one or more
examples can be used to estimate power limits and energy
availability of the battery in a real-time and inform the user
regarding the battery limitations in a simple, accurate and
quick manner. One or more examples may be used to predict
a power limit estimation (PLE) current required for the
battery management system to reach a specified cut-off
voltage in a specified time (e.g., 1 second) at different depths
of discharge. One or more examples may be used to estimate
available maximum current (and thus power, for example)
for on-board implementation on the battery management
system. One or more examples may utilize a power of the
load and energy estimation model which estimates the states
of the cell, i.e., state of charge, open circuit potential and
temperature, in real time and accurate manner.

[0046] In one or more examples, a real time internal
resistance parameter can be estimated, that is critical to the
power level capability of a cell of the battery, and may be
heavily influenced by a state of charge and cell temperature
of'the battery. One or more examples may be used to provide
a desirable user experience for eliminating unanticipated
battery behavior such as sudden battery power loss when
exposed to extremities of temperature.

[0047] Based on one or more examples, in an example, a
user of the electronic device may want to use applications
that utilize high levels of power (such as, but not limited to,
gaming applications) on the example electronic device (for
example, smart phone, tablet, or any other device capable of
running one or more applications, in various non-limiting
embodiments). Thus, the demand for instantaneous power
increases on the electronic device, so that a battery man-
agement system notifies the user about the battery power
level, and suggests that the user charge the battery to
continue playing the gaming application on the electronic
device. This may result in avoiding the shutting down of the
battery.

[0048] Based on the examples, in another example, the
user of the EV may suddenly increase a load on the EV due
to a steep incline on a road surface. Thus, the demand for
instantaneous power increases, so that the battery manage-
ment system notifies the user about the battery power level
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and suggests to the user to charge the battery for a certain
range. This may avoid the shutting down of the battery in the
vehicle.

[0049] Based on one or more examples, in another
example, the user of the electronic device may have moved
from a relatively warm environment to a cold environment.
Based on one or more examples, a battery management
system may accurately incorporate the effect of performance
influencing parameters (e.g., temperature) on the battery, so
that the significant drop in maximum extractable current
with drop in temperature is captured. Thus, as an example,
a battery management system (100) may avoid the shutting
down of the battery (150) without notice to the user. Herein,
it is noted that use of the term ‘may’ with respect to an
example or embodiment, e.g., as to what an example or
embodiment may include or implement, means that at least
one example or embodiment exists where such a feature is
included or implemented while all examples and embodi-
ments are not limited thereto.

[0050] One or more examples may manage the battery to
accurately predict the maximum load and energy available
in the battery.

[0051] One or more examples may determine a load and
energy estimation model based on a pulse duration of the
battery, a depth of discharge of the battery, a cut-off voltage
associated with a pre-set voltage of the battery, and a
temperature of the battery.

[0052] One or more examples may estimate a maximum
current extractable from the battery at any given discharge
condition and given a discharge cut-off voltage and duration
for which the current is required by using the load and
energy estimation model.

[0053] One or more examples may estimate a temperature
dependent effect on the battery at any given discharge
condition and given the discharge cut-off voltage and dura-
tion for which the current is required by using the load and
energy estimation model.

[0054] One or more examples may estimate a temperature
dependent effect on the battery for a wide range of tempera-
tures from -30° C. to 60° C. by using the load and energy
estimation model.

[0055] One or more examples may provide a real-time
update of parameter variation associated with the battery to
a user of the battery management system for appropriate
action to be taken in a simple, quick and accurate manner.
[0056] Referring now to the drawings, and more particu-
larly to FIGS. 1 through 8, where similar reference charac-
ters denote corresponding, or like, features consistently
throughout the figures, there are shown at least one embodi-
ment.

[0057] FIG. 1 illustrates various hardware components of
a battery management system (100), according to various
non-limiting examples.

[0058] In an example, the battery management system
(100) includes a load and energy estimation model configu-
ration controller (110), a communicator (120), a memory
(130), a processor (140) and a battery (150). The processor
(140) is operated with the load and energy estimation model
configuration controller (110), the communicator (120), the
memory (130) and the battery (150). The battery (150) can
be, for example, but not limited to, a Lithium Ion (Li-lon)
battery, a Molten Salt (Na—NiCl,) battery, a Nickel Metal
Hydride (Ni-MH) battery, a Lithium Sulphur (Li—S) bat-
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tery, a Zinc-mercuric oxide battery, a Zinc-silver oxide
battery, a Lead-acid battery or the like.

[0059] The load and energy estimation model configura-
tion controller (110) may be configured to acquire one or
more parameters associated with a battery (150). The one or
more parameters may be, for example, but not limited to, a
current level, a voltage level, a SOC, a temperature, or a
combination of at least one or two thereof. The SOC is
defined as a ratio of the available capacity and a maximum
possible charge that can be stored in the battery (150). Based
on the one or more acquired parameters, the load and energy
estimation model configuration controller (110) may be
configured to determine a load and energy estimation model.
In an example, the load and energy estimation model may be
determined by obtaining a pulse duration of the battery
(150), a depth of discharge of the battery (150), a cut-off
voltage associated with a pre-set voltage of the battery (150),
and a temperature of the battery (150) at a first time interval
based on the one or more acquired parameters, and deter-
mining the load and energy estimation model based on the
pulse duration of the battery (150), the depth of discharge of
the battery (150), the cut-off voltage associated with the
pre-set voltage of the battery (150), and the temperature of
the battery (150).

[0060] In an example, an overall thermal balance in a cell
of the battery (150) can be written as:

®

5 5.6
=l e

[0061] With the boundary conditions:

@x = terminals; @)

§T
—A— =T =Ty
ox

@x = separator interface; 3)
T

—A— = @; (interfacial flux)
ox

[0062] In the above expressions, A, p, C, h are the thermal
conductivity, density of the material, specific heat capacity
and heat transfer coefficient, respectively, T is the cell
temperature at a particular location, x, and T, is the ambient
temperature. Q is the total heat flux density, which can be
further split into its components:

Q= Qrev + Qirrev + Qotm1 + Corm2 )
U 5)

Qrev = FHJTﬁ
Qirrev = Faji¢y — 2 - U) (6)
8o, 2 )

Qotm1 = K[%]
_ 8¢y 2RT(1—1) 1 [8C2]16, (8)

Qamz = o[ G2 + = C_Z[E][E]

[0063] where, F, R, t+ are the Faraday’s constant, Univer-
sal gas constant and the transference number respectively, a
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is the particle specific surface area, j is the current density,
U is the equilibrium potential, ¢ is the solid and liquid phase
potential (with subscript 1 for solid and 2 for liquid), K, o
are the solid and liquid phase conductivities respectively
with C2 being the liquid phase concentration. In the above
expressions, a subscript 1 denotes the solid phase (electrode)
and 2 denotes the liquid phase (electrolyte). Q,., is the
system entropy contribution and Qirrev is due to the system
over-potential. Qohm1,2 are the ohmic contributions due to
the electrode and electrolyte phase.

[0064] The sources of heat as expressed in equations
(5)-(8), can be put back into equation (1) and by way of
volume averaging, temperatures at various locations (2
terminals and 2 interfaces) can be obtained. As far as the
battery management system (100) is concerned, a single
representative cell temperature would suffice as temperature
gradient across the cell is expected to be negligible due to
reasons explained below. The thermal diffusivity, D, given
by:

-4 ©
Dy = pre
[0065] D, is a measure of how fast heat energy percolates

through the battery management system (100) and the time
scale for this process, t,, is given by:

L (10)
ip= D_Q

[0066] Here, L is the length scale in the flow dimension.
With the entire system thickness of the order of 100y (10™),
thermal conductivity, A of the order of 1 W/mK, and
volumetric heat capacity, pC, of the order of 10° J/K/m?, D,
comes to a scale of 107° m*/s and thus ty is of the order of
(107%%/107°=0.01 s. Thus, the percolation of heat is an
incredibly fast process (as compared to any other transport
and kinetic processes in the battery management system
(100); for example, diffusion time scale of lithium ions
inside the electrode particles, which equals radius®/diffusiv-
ity, is of the order of 100-1000s typically) inside an elec-
trochemical cell, leading to quick equilibration of tempera-
tures across the cell, making the spatial variation of
temperature irrelevant.

[0067] Further, the example battery management system
(100) suggests a lumped thermal model ignoring the gradi-
ent term. The lumped thermal capacity model can be an
existing transient heat conduction model. The lumped ther-
mal model accurately accounts for temperature fluctuation in
the cell that influences transport and kinetic processes occur-
ring during charge and discharge processes. A single repre-
sentative cell temperature is calculated using the following
volume averaged expression of heat balance shown below:

ar 11
Py = = D, Oreg Ly = ), QposLos = My (T = To) ay
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where:
POy = (OCLY g + (PCL), +(CL) 12)
[abs (ipos) + abs(hueg)] (13)
Py = —————
2
[0068] In the above expressions, the subscripts neg, sep,

pos, indicate the property and formulation at an anode, a
separator and a cathode respectively. The introduction of
such a lumped thermal model (which can be solved by an
explicit time marching scheme) helps in easing the compu-
tational load of the calculations without compromising on
the details extracted from the battery management system
(100).

[0069] Because of the lumped thermal capacity model, it
is possible to de-couple a thermal module from a rest of
Reduced Order Model (ROM). The thermal module is used
to independently calculate the heat contribution due to the
different independent processes as described in equations
(5)-(8) and the cell temperature is updated after every
simulation time step through the explicit time marching
scheme as shown in equation (11). The updated temperature
is then fed into a ROM equation, where the temperature
effects on transport and kinetic properties are updated before
they are used in potential and voltage calculations.

[0070] Further, the power limit estimation (PLE) may be
used to characterize battery state of power, whose main aim
is to calculate the limits of the battery operation through the
maximum power and current extractable at the particular
time point in charge and discharge. The examples may be
used to estimate for state of power using the current limit
estimate (CLE) model (i.e., load and energy estimation
model). The load and energy estimation model may be the
maximum sustainable current, which will take the battery
management system (100) to the pre-set minimum voltage
cut-off in the desired pulse duration, at a particular discharge
time (SOC) and ambient and cell temperature. The deter-
mination of the load and energy estimation model under the
given conditions of depth of discharge (DOD), pulse dura-
tion, cut-off voltage and temperature is done through an
iterative scheme using a ROM-Lumped thermal module
(T-ROM). Mathematically:

CLE=AIALY ,,,,»SOC,T) (14)

[0071] Here, At, V_,,,» SOC, T are the pulse duration,
cut-off voltage, discharge state of charge or depth of dis-
charge (DOD), cell temperature respectively. For the con-
venience of experimental validation, the user of the battery
management system (100) fixes the pulse duration and the
cut-off voltage (1 s and 3V in this case respectively) in the
initial sets of results. One important parameter which is fed
into the iterative method is the lumped resistance, R,
which represents the cell resistance at any particular instant
of time and SOC, and state (like cell temperature). It is
defined as:

Vi (SOC, T) — OCV(SOC, T) (15)

Riump(SOC, T) = o

[0072] Here, V_,,;, OCV are the present cell voltage, open
circuit voltage respectively at the given SOC and tempera-
ture with I(t) being the current drawn at a given time instant.
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While this is a simple approach, it is to be noted that, the cell
voltage calculated via the ROM model, represents the cell
state holistically.

[0073] Whenever there is a prompt to calculate the load
and energy estimation model, the then R,,,,,, along with the
required handles in equation (14) are fed into the iterative
scheme to calculate the load and energy estimation model.
The method of calculating the load and energy estimation
model lies on a very simple logic of calculating the value of
the maximum current, and in turn the threshold SOC namely
SOC,, ;0 Which will take the battery management system
(150) to the desired cut-off voltage, V4 in the desired
time duration, At, using R, (calculated using equation
(15), at the time of CLE prompt) and OCV (SOC,,,, ), as
shown in equation (16).

OCV(SOCeuof» T) = Versogr (16)

CLE(SOC, Voo, T, A1) = R (SOC. T)
amp )

[0074] The maximum current calculation for the load and
energy estimation model is based on calculating the SOC-
cutogr (Which the system will reach to, within the given CLE
time duration, At) using an initial guess of the CLE (set to
the present value of current), then updating this current value
using equation (16), until the convergence criterion is met
(defined by the user of the battery management system (100)
or the Original Equipment Manufacturer (OEM). The SOC-
curoy Calculation requires using a small loop of the ROM
module where the solid phase concentration field gets
updated every time step. One of the assumptions used in the
SOC,, ;s calculation for CLE, is that for the given time and
pulse duration, At, the concentration fields in the electrolyte,
and the temperature do not vary much. This assumption is
well justified as the pulse duration, At, is usually of the order
of a few seconds.

[0075] Further, the load and energy estimation model
configuration controller (110) may be configured to identify
the power limit of the battery (150) based on the load and
energy estimation model. After identifying the power limit
of the battery (150), the load and energy estimation model
configuration controller (110) is configured to determine a
power margin of the battery (150) at the usage time interval.
Further, the load and energy estimation model configuration
controller (110) may be configured to determine that the
power margin of the battery (150) exceeds a predefined
threshold level. The predefined threshold level is determined
by the user of the battery (150) or the OEM of the battery
(150).

[0076] In determining that the power margin of the battery
(150) exceeds the predefined threshold level, the load and
energy estimation model configuration controller (110) is
configured to perform one or more actions. The one or more
actions may be, as only non-limiting examples, notifying a
user to close one or more applications running in an elec-
tronic device, notifying the user to close one or more
background applications running in the electronic device,
reducing a clock speed of a processor of the electronic
device, notifying a remaining capacity of the battery (150),
notifying a maximum current extractable from the battery
(150) at a discharge condition, notifying a temperature
dependent effect of the battery (150) to a user, predicting a
State of Health (SOH) (discussed below with regard to FIG.
8) of the battery (150), providing a predetermined route
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based on determined power demands in a vehicle, notifying
the vehicle to charge the battery (150), or a combination of
at least one or two thereof. The application may be, for
example, but not limited to, a gaming application, a social
networking application, a chat application, a weather appli-
cation, a finance application, a health-related application, a
monitoring application or the like.

[0077] The load and energy estimation model estimates
the maximum current that can be extracted from the battery
(150), given the duration for which the current is needed,
given the depth of discharge of the battery (150), given the
battery temperature, given the voltage cut-off to which the
battery (150) should reach once the current is applied for the
required duration.

[0078] In an example, the SOH of the battery (150) is
predicted by obtaining a maximum current profile associated
with a fresh battery, estimating a maximum current profile
associated with the battery (150) using the load and energy
estimation model, determining a ratio of the estimated
maximum current profile associated with the battery (150)
with the maximum current profile associated with the fresh
battery, and predicting the SOH of the battery (150) based on
the determined ratio.

[0079] In an example, the load and energy estimation
model is determined based on changes in the ambient
temperature of the battery (150) and the cell temperature of
the battery (150). In an example, the load and energy
estimation model is determined when the discharge mode of
the battery is changed from a first level to a second level (as
discussed below with regard to FIG. 7).

[0080] Further, the load and energy estimation model
configuration controller (110) may be physically imple-
mented by analog or digital circuits such as, but not limited
to, logic gates, integrated circuits, microprocessors, micro-
controllers, memory circuits, passive electronic compo-
nents, active electronic components, optical components,
hardwired circuits, or the like, and may optionally be driven
by firmware.

[0081] Unlike typical methods and systems, the example
battery management system (100) informs the user regard-
ing the performance limitations of the battery (150) in a fast,
simple and accurate manner. In the example battery man-
agement system (100), the temperature influenced perfor-
mance of the battery (150) based on factors such as available
capacity and power drawable, is estimated in an effective
and simple manner. The example battery management sys-
tem (100) computes the real-time temperature variation, and
updates model parameters to obtain an accurate estimate of
the resistance for PLE calculations, so as to inform the user
to take corrective action in an effective and reliable manner.
[0082] The example battery management system (100)
may prevent accidental shutdown of the battery (150) by
informing or alerting the user in real-time, and allows the
user of the battery management system (100) to take cor-
rective action in a reliable manner. The battery management
system (100) may precisely estimate the maximum load
extractable from the battery (150) which is determined based
on, as only examples, the state of charge and temperature of
the battery. The battery management system (100) may
accurately estimate the wide range of temperatures from
-30° C. to 60° C. The example battery management system
(100) may estimate available maximum current (and thus
power) for on-board implementation on the electronic
device and the vehicle. The examples may be used to
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estimate a peak power and current deliverable from the
battery (150) when the battery (150) is in use, and while the
battery is in a discharging mode.

[0083] The electronic device may be, as only examples,
and not limited to, a cellular phone, a smart phone, a smart
watch, a smart TV, a smart dishwasher, a Personal Digital
Assistant (PDA), a tablet computer, a laptop computer, a
virtual reality device, an immersive system, an Internet of
Things (IoT), a smart sensor, a drone or the like. The vehicle
can be, for example, but not limited to an electrical vehicle
(EV), a hybrid electric vehicle (HEV), a plug-in hybrid
electric vehicle (PHEV), a battery based electric vehicle
(BEV) or the like.

[0084] Further, the processor (140) may be configured to
execute instructions stored in the memory (130) and to
perform various processes. The communicator (120) may be
configured to communicate internally between internal hard-
ware components and with external devices via one or more
networks. The memory (130) may store instructions to be
executed by the processor (140). The memory (130) may
include non-volatile storage elements. Examples of such
non-volatile storage elements may include magnetic hard
discs, optical discs, floppy discs, flash memories, or forms of
electrically programmable memories (EPROM) or electri-
cally erasable and programmable (EEPROM) memories. In
addition, the memory (130) may, in some examples, be
considered a non-transitory storage medium. In examples, a
non-transitory storage medium may store data that can, over
time, change (e.g., in Random Access Memory (RAM) or
cache).

[0085] At least one of the plurality of modules may be
implemented through an Artificial intelligence (AI) model.
A function associated with Al may be performed through the
non-volatile memory, the volatile memory, and the processor
(140). The processor (140) may include one or a plurality of
processors. At this time, one or a plurality of processors may
be a general purpose processor, such as a central processing
unit (CPU), an application processor (AP), or the like, a
graphics-only processing unit such as a graphics processing
unit (GPU), a visual processing unit (VPU), and/or an
Al-dedicated processor such as a neural processing unit
(NPU).

[0086] The one or more processors are configured to
control the processing of the input data in accordance with
a predefined operating rule or artificial intelligence (AI)
model stored in the non-volatile memory and the volatile
memory. The predefined operating rule or artificial intelli-
gence model may be provided through training or learning.
[0087] In the examples, being provided through learning
means that a predefined operating rule or Al model of a
desired characteristic is made by applying a learning algo-
rithm to a plurality of learning data. The learning may be
performed in a device itself in which Al is performed, and/or
may be implemented through a separate server and system.
[0088] The Al model may include a plurality of neural
network layers. Each layer has a plurality of weight values,
and performs a layer operation through calculation of a
previous layer and an operation of a plurality of weights.
Examples of neural networks include, but are not limited to,
convolutional neural network (CNN), deep neural network
(DNN), recurrent neural network (RNN), restricted Boltz-
mann Machine (RBM), deep belief network (DBN), bidi-
rectional recurrent deep neural network (BRDNN), genera-
tive adversarial networks (GAN), and deep Q-networks.
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[0089] In one or more examples learning algorithm is a
method for training a predetermined target device (for
example, a robot) using a plurality of learning data to cause,
allow, or control the target device to make a determination
or prediction. Examples of learning algorithms include, but
are not limited to, supervised learning, unsupervised learn-
ing, semi-supervised learning, or reinforcement learning.
[0090] Although FIG. 1 illustrates various hardware com-
ponents of the battery management system (100), one or
more examples are not limited thereto. In some examples,
the battery management system (100) may include less or
more number components. Further, the labels or names of
the components are used only for illustrative purposes, and
does not limit the scope of the invention. One or more
components may be combined to perform the same or
substantially similar functions in the battery management
system (100).

[0091] FIG. 2 illustrates various hardware components of
the load and energy estimation model configuration control-
ler (110), in accordance with one or more embodiments.
[0092] In one or more examples, the load and energy
estimation model configuration controller (110) include a
battery parameter controller (110a), a load and energy
estimation model controller (1105), and a battery power
limit controller (110c¢).

[0093] The battery parameter controller (110q) is config-
ured to acquire the one or more parameters associated with
the battery (150). The battery parameter controller (110a)
may be physically implemented by analog or digital circuits
such as, but not limited to, logic gates, integrated circuits,
microprocessors, microcontrollers, memory circuits, passive
electronic components, active electronic components, opti-
cal components, hardwired circuits, or the like, and may
optionally be driven by firmware.

[0094] Based on the acquired one or more parameter, the
load and energy estimation model controller (1105) is con-
figured to determine the load and energy estimation model.
In an example, the load and energy estimation model con-
troller (1105) is configured to obtain the pulse duration of the
battery (150), the depth of discharge of the battery (150), the
cut-off voltage associated with the pre-set voltage of the
battery (150), and the temperature of the battery (150) at the
first time interval based on the one or more acquired
parameter, and determine the load and energy estimation
model based on the pulse duration of the battery (150), the
depth of discharge of the battery (150), the cut-off voltage
associated with the pre-set voltage of the battery (150), and
the temperature of the battery (150).

[0095] The load and energy estimation model controller
(1105) may be physically implemented by analog or digital
circuits such as logic gates, integrated circuits, micropro-
cessors, microcontrollers, memory circuits, passive elec-
tronic components, active electronic components, optical
components, hardwired circuits, or the like, and may option-
ally be driven by firmware.

[0096] The battery power limit controller (110¢) is con-
figured to identify the power limit of the battery (150) based
on the load and energy estimation model. After identifying
the power limit of the battery (150), the battery power limit
controller (110¢) is configured to determine the power
margin of the battery (150) at the first usage time interval.
Further, the battery power limit controller (110c¢) is config-
ured to determine whether the power margin of the battery
(150) exceeds the predefined threshold level. Upon deter-
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mining that the power margin of the battery (150) exceeds
the predefined threshold level, the battery power limit con-
troller (110¢) is configured to perform one or more actions,
such as, but not limited to, notify a user to close at least one
application running in an electronic device, notify the user
to close at least one background application running in the
electronic device, reduce a clock speed of a processor of the
electronic device, notify a remaining capacity of the battery,
notify a maximum current extractable from the battery at a
discharge condition, notify a temperature dependent effect of
the battery to a user, predict a state of health (SOH) of the
battery, provide a route based on power demands in a
vehicle, notify a user of the vehicle to charge the battery, or
a combination of at least one or two thereof.

[0097] The battery power limit controller (110c) may be
physically implemented by analog or digital circuits such as
logic gates, integrated circuits, microprocessors, microcon-
trollers, memory circuits, passive electronic components,
active electronic components, optical components, hard-
wired circuits, or the like, and may optionally be driven by
firmware.

[0098] Although FIG. 2 illustrates various hardware com-
ponents of the load and energy estimation model configu-
ration controller (110), the examples are not limited thereto.
In other examples, the load and energy estimation model
configuration controller (110) may include less, or more,
components. Further, the labels or names of the components
are used only for illustrative purpose and does not limit the
scope of the invention. One or more components can be
combined together to perform same or substantially similar
function in the load and energy estimation model configu-
ration controller (110).

[0099] The controllers (110, 110a, 1105, and 110c¢) are
illustrated as modules distinguished from the processor
(140), but are not limited thereto. In an example, at least a
portion of, or an entirety of, the load and energy estimation
model configuration controller (110) may be integrated into
the processor (140). The processor (140) may perform an
operation of the battery parameter controller (110a), an
operation of the load and energy estimation model controller
(1105), an operation of the battery power limit controller
(110¢), or a combination of at least one or two thereof.
[0100] The battery management system (100) is illustrated
as including the load and energy estimation model configu-
ration controller (110), the communicator (120), the memory
(130), the processor (160), and the battery (150), but is not
limited thereto.

[0101] In an example, at least a portion of, or an entirety
of, the load and energy estimation model configuration
controller (110), the communicator (120), the memory
(130), the processor (160), and the battery (150), may be
integrated into battery-operated systems or devices (e.g.,
mobile phones, EVs, etc.).

[0102] FIG. 3 illustrates a flow diagram (300) illustrating
a battery management method for a battery (150), in accor-
dance with one or more embodiments. The operations (302-
310) are performed by the the load and energy estimation
model configuration controller (110). The operations in FIG.
3 may be performed in the sequence and manner as shown,
although the order of some operations may be changed or
some of the operations omitted without departing from the
spirit and scope of the illustrative examples described. Many
of the operations shown in FIG. 3 may be performed in
parallel or concurrently. One or more blocks of FIG. 3, and
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combinations of the blocks, can be implemented by special
purpose hardware-based computer that perform the specified
functions, or combinations of special purpose hardware and
computer instructions. In addition to the description of FIG.
3 below, the descriptions of FIGS. 1-2 are also applicable to
FIG. 3, and are incorporated herein by reference. Thus, the
above description may not be repeated here.

[0103] In operation 302, one or more parameters associ-
ated with the battery (150) may be acquired. The one or
more parameters may include the current level, the voltage
level, the SOC, the temperature, or a combination of at least
one or two thereof.

[0104] In operation 304, the method includes determining
the load and energy estimation model based on the one or
more acquired parameters.

[0105] In operation 306, the method includes identifying
the power limit of the battery (150) based on the load and
energy estimation model.

[0106] In operation 308, the method includes determining
the power margin of the battery (150) at the first usage time
interval based on the identified power limit.

[0107] In operation 310, the method includes performing
the one or more actions discussed above based on a deter-
mination that the power margin of the battery exceeds the
predefined threshold level.

[0108] Such examples may be used to predict the PLE
current required for the battery management system (100) to
reach the specified cut-off voltage in specified times (e.g., 1
seconds), at different depths of discharge. Such examples
may be used to estimate available maximum current for
on-board implementation on the battery management system
(100). Such examples may be used to provide a desirable
user experience eliminating unanticipated battery behavior
such as sudden battery power loss when exposed to extremi-
ties of temperature.

[0109] Based on one or more examples, in an example, the
user of the electronic device may want to use heavy power
usage applications, such as but not limited to, financial
applications, on the electronic device (e.g., laptop). Thus,
the demand for instantaneous power increases on the elec-
tronic device, so that the battery management system (100)
notifies the user about the battery power level, and suggests,
or informs the user, to charge the battery (150) to use the
example financial application on the electronic device, thus
avoiding the shutting down of the battery (150) without
notice to the user.

[0110] In another example, the user of the electronic
device may have moved from a cold environment to a
relatively warm environment. Based on the example, the
battery management system (100) may accurately incorpo-
rate the effect of performance influencing parameters (e.g.,
temperature) on the battery, so that the significant drop in
maximum extractable current with drop in temperature is
captured. Thus, the battery management system (100) avoids
the shutting down of the battery (150) without notice to the
user.

[0111] In another example, the user of the EV suddenly
increases a load on the EV due to the steep incline. Thus, the
demand for instantaneous power increases, so that the bat-
tery management system (100) notifies the user about the
battery power level and suggests to charge the battery (150)
for certain range. This results in avoiding the shutting down
of the battery (150) without notice to the user.
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[0112] The various actions, acts, blocks, steps, or the like
in the flow diagrams (300) may be performed in the order
presented, in a different order or simultaneously. Further, in
some examples, some of the actions, acts, blocks, steps, or
the like may be omitted, added, modified, skipped, or the
like without departing from the scope of the invention.
[0113] FIGS. 4A-4C are example graphs (400a-400¢) in
which power limit management at different scenarios of
temperature and discharge SOC are depicted, in accordance
with one or more embodiments. Typically, a power limit
estimation current (i.e., PLE_,. ., is defined as the maxi-
mum extractable current from the battery (150) for the given
duration (typically 1 second, for example), at any given
discharge condition, which will take the battery voltage to
the predetermined cut-off voltage: usually 3.0V. This is a
function of many parameters, especially discharge SOC and
temperature.

[0114] Referring to the FIG. 4A, the PLE_,,,,.,,, is deter-
mined as a function of discharge time for a regular 1C
discharge cycle. As expected, as the battery (150) is dis-
charged, less maximum current can be extracted from the
battery (150).

[0115] The change in PLE_,,,,.,, occurs especially when
there is a sudden change in ambient temperature. This is very
crucial, especially in EV and mobile applications, when the
user of the battery management system (100) wants to
extract more power like climbing a steep slope and using
power hungry applications. This change is captured based on
the examples, so that the examples may be used to accu-
rately update the lumped resistance of the battery model in
real-time.

[0116] Referring to FIG. 4B, when the battery ambient
temperature drops suddenly at about 2000 seconds, the
PLE.,, ..., may drop by up to 60%. This change in maximum
extractable current is intimated to the battery management
system (100) and the user in real-time for appropriate action
to be taken.

[0117] Referring to the example of FIG. 4C, in an opposite
scenario, an increase in temperature may result in an
increase in the PLE_ ., ,, due to physics.

[0118] FIG. 5 is an example graph (500) in which power
limit management profile with different ambient temperature
triggers during operation is depicted, in accordance with one
or more embodiments.

[0119] Referring to FIG. 5, multiple changes in the tem-
perature over the battery operation period to extreme tem-
perature windows are accounted to provide accurate perfor-
mance measurement to the user of the battery management
system (100). Further, whenever there is a change in the
ambient temperature and device temperature and external
factors, the example is prompted to update the user in
real-time regarding the performance limitations and charac-
teristics of the battery (150) in an accurate manner.

[0120] FIG. 6 is an example graph (600) in which power
limit management profile with cell and ambient tempera-
tures is depicted, in accordance with one or more embodi-
ments.

[0121] Referring to FIG. 6, the physics based PLE model
captures certain nuances of the cell performance which are
intricate in nature:

[0122] Region 1: Cell discharges at 25° C. ambient tem-
perature, but the cell temperature increases due to the
thermal balance. There is a sudden drop in the PLE at the
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beginning of discharge due to the initial resistance and
stabilizes (for example, slightly increases and decreases)
with cell temperature.

[0123] Region 2: Although the ambient temperature is
suddenly increased to 40° C., the cell temperature responds
slower to the stimulus due to various dynamics. The PLE
also rises accordingly as resistance decreases in the battery
management system (100).

[0124] Region 3: Similar to region 2, the reverse happens,
with cell temperature decreasing slowly, and PLE also
dropping.

[0125] Region 4: Here the ambient temperature drops
suddenly to 0° C., but for a very short time. Thus, the cell
temperature also drops sharply, but because of the previous
temperature history (40° C. and 25° C.) and dynamics, the
cell temperature is still much above 25° C. But the rapid
drop also results in the PLE drop.

[0126] Region 5: With the ambient temperature rising to
15° C., the cell temperature, due to equilibration from
previous ambient temperature effects, is maintained around
25° C. and above. Thus, although there was an ambient
temperature increase, the PLE may keep dropping due to the
discharge effects.

[0127] Region 6: With another ambient temperature spike
to 25° C., the cell temperature rises, but the discharge is
almost complete, and thus the PLE drops drastically due to
voltage decrease at the end of discharge.

[0128] FIG. 7 is an example graph (700) in which avail-
able capacity profile at different temperatures with discharge
time is depicted, in accordance with one or more embodi-
ments. The ambient temperature also has an effect on the
available capacity that can be extracted from the battery
management system (100). This effect is modelled accu-
rately through the examples. As shown in the FIG. 7, the
available capacity increases and decreases by 10% with
increase and decrease in temperature.

[0129] FIG. 8 illustrates example graphs (800) in which
the effect of resistive and capacity loss on degradation via
the power limit management profile is depicted, in accor-
dance with one or more embodiments. The protocol may
also be used on degraded cells. The example is SOH aware
(due to the in-built physics), and may be used to determine
the PLE of the battery management system (100). The effect
of degradation via film resistance, active material loss etc. is
incorporated in the lumped resistance calculated for the
example. Thus, the effect is seen in the PLE profiles as well
as seen in the FIG. 8.

[0130] As illustrated in FIG. 8, the effect of resistive and
capacity loss on degradation is seen via the PLE profiles of
the notation “a” and “b” of FIG. 8 respectively. Depending
upon the nature of degradation (capacitive, resistive, and
both), the effect on PLE is captured very well by the
example.

[0131] The operations for battery management, for
example, operations (302 to 310) described above with
reference to FIG. 3 have been described as being performed
mainly by the battery management system (100), but are not
limited thereto. In an example, the battery management
system (100) may collect at least one parameter associated
with a battery, and an electronic device (e.g., a mobile phone
and an EV) connected to the battery management system
(100) may obtain the one or more parameter associated with
the battery from the battery management system (100). The
electronic device may perform the operations for battery
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management by implementing the one or more parameters
obtained from the battery management system (100). In an
example, the electronic device may determine a load and
energy estimation model based on the obtained one or more
parameters, identify a power limit of the battery based on the
load and energy estimation model, determine a power mar-
gin of the battery at a first usage time interval based on the
identified power limit, and perform at least one action based
on a determining that the power margin of the battery
exceeds a predefined threshold level.

[0132] A battery management system is described herein
as encompassing such an electronic device, but is not limited
thereto. In an example, the battery management system
(100) may be construed as including a battery pack and
battery management elements connected to the battery pack.
[0133] The examples disclosed herein can be implemented
through at least one software program running on at least
one hardware device and performing network management
functions to control the elements. The elements can be at
least one of a hardware device, or a combination of hardware
device and software module.

[0134] The foregoing description of the specific embodi-
ments will so fully reveal the general nature of the embodi-
ments herein that others can, by applying current knowl-
edge, readily modify and/or adapt for various applications
such specific embodiments without departing from the
generic concept, and, therefore, such adaptations and modi-
fications should and are intended to be comprehended within
the meaning and range of equivalents of the disclosed
embodiments. It is to be understood that the phraseology or
terminology employed herein is for the purpose of descrip-
tion and not of limitation. Therefore, while the embodiments
herein have been described in terms of at least one embodi-
ment, those skilled in the art will recognize that the embodi-
ments herein can be practiced with modification within the
spirit and scope of the embodiments as described herein.
[0135] The battery management system 100, load and
energy estimation model configuration controller 110, com-
municator 120, memory 130, processor, 140, battery 150,
battery parameter controller 110qa, load and energy estima-
tion model controller 1105, battery power limit controller
110c¢, as well as the remaining devices, apparatuses, units,
modules, and other components described herein are imple-
mented by hardware components. Examples of hardware
components that may be used to perform the operations
described in this application where appropriate include
controllers, sensors, generators, drivers, memories, com-
parators, arithmetic logic units, adders, subtractors, multi-
pliers, dividers, integrators, and any other electronic com-
ponents configured to perform the operations described in
this application. In other examples, one or more of the
hardware components that perform the operations described
in this application are implemented by computing hardware,
for example, by one or more processors or computers. A
processor or computer may be implemented by one or more
processing elements, such as an array of logic gates, a
controller and an arithmetic logic unit, a digital signal
processor, a microcomputer, a programmable logic control-
ler, a field-programmable gate array, a programmable logic
array, a microprocessor, or any other device or combination
of devices that is configured to respond to and execute
instructions in a defined manner to achieve a desired result.
In one example, a processor or computer includes, or is
connected to, one or more memories storing instructions or

Mar. 10, 2022

software that are executed by the processor or computer.
Hardware components implemented by a processor or com-
puter may execute instructions or software, such as an
operating system (OS) and one or more software applica-
tions that run on the OS, to perform the operations described
in this application. The hardware components may also
access, manipulate, process, create, and store data in
response to execution of the instructions or software. For
simplicity, the singular term “processor” or “computer” may
be used in the description of the examples described in this
application, but in other examples multiple processors or
computers may be used, or a processor or computer may
include multiple processing elements, or multiple types of
processing elements, or both. For example, a single hard-
ware component or two or more hardware components may
be implemented by a single processor, or two or more
processors, or a processor and a controller. One or more
hardware components may be implemented by one or more
processors, or a processor and a controller, and one or more
other hardware components may be implemented by one or
more other processors, or another processor and another
controller. One or more processors, or a processor and a
controller, may implement a single hardware component, or
two or more hardware components. A hardware component
may have any one or more of different processing configu-
rations, examples of which include a single processor,
independent processors, parallel processors, single-instruc-
tion single-data (SISD) multiprocessing, single-instruction
multiple-data (SIM D) multiprocessing, multiple-instruction
single-data (MISD) multiprocessing, and multiple-instruc-
tion multiple-data (MIMD) multiprocessing.

[0136] The methods illustrated in FIGS. 1-8 that perform
the operations described in this application are performed by
computing hardware, for example, by one or more proces-
sors or computers, implemented as described above execut-
ing instructions or software to perform the operations
described in this application that are performed by the
methods. For example, a single operation or two or more
operations may be performed by a single processor, or two
or more processors, or a processor and a controller. One or
more operations may be performed by one or more proces-
sors, or a processor and a controller, and one or more other
operations may be performed by one or more other proces-
sors, or another processor and another controller. One or
more processors, or a processor and a controller, may
perform a single operation, or two or more operations.

[0137] Instructions or software to control computing hard-
ware, for example, one or more processors or computers, to
implement the hardware components and perform the meth-
ods as described above may be written as computer pro-
grams, code segments, instructions or any combination
thereof, for individually or collectively instructing or con-
figuring the one or more processors or computers to operate
as a machine or special-purpose computer to perform the
operations that are performed by the hardware components
and the methods as described above. In one example, the
instructions or software include machine code that is directly
executed by the one or more processors or computers, such
as machine code produced by a compiler. In another
example, the instructions or software includes higher-level
code that is executed by the one or more processors or
computer using an interpreter. The instructions or software
may be written using any programming language based on
the block diagrams and the flow charts illustrated in the
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drawings and the corresponding descriptions in the specifi-
cation, which disclose algorithms for performing the opera-
tions that are performed by the hardware components and
the methods as described above.

[0138] The instructions or software to control computing
hardware, for example, one or more processors or comput-
ers, to implement the hardware components and perform the
methods as described above, and any associated data, data
files, and data structures, may be recorded, stored, or fixed
in or on one or more non-transitory computer-readable
storage media. Examples of a non-transitory computer-
readable storage medium include read-only memory
(ROM), random-access programmable read only memory
(PROM), electrically erasable programmable read-only
memory (EEPROM), random-access memory (RAM),
dynamic random access memory (DRAM), static random
access memory (SRAM), flash memory, non-volatile
memory, CD-ROMs, CD-Rs, CD+Rs, CD-RWs, CD+RWs,
DVD-ROMs, DVD-Rs, DVD+Rs, DVD-RWs, DVD+RWs,
DVD-RAMs, BD-ROMs, BD-Rs, BD-R LTHs, BD-REs,
blue-ray or optical disk storage, hard disk drive (HDD),
solid state drive (SSD), flash memory, a card type memory
such as multimedia card micro or a card (for example, secure
digital (SD) or extreme digital (XD)), magnetic tapes, floppy
disks, magneto-optical data storage devices, optical data
storage devices, hard disks, solid-state disks, and any other
device that is configured to store the instructions or software
and any associated data, data files, and data structures in a
non-transitory manner and provide the instructions or soft-
ware and any associated data, data files, and data structures
to one or more processors or computers so that the one or
more processors or computers can execute the instructions.
In one example, the instructions or software and any asso-
ciated data, data files, and data structures are distributed over
network-coupled computer systems so that the instructions
and software and any associated data, data files, and data
structures are stored, accessed, and executed in a distributed
fashion by the one or more processors or computers.

[0139] While this disclosure includes specific examples, it
will be apparent after an understanding of the disclosure of
this application, that various changes in form and details
may be made in these examples without departing from the
spirit and scope of the claims and their equivalents. The
examples described herein are to be considered in a descrip-
tive sense only, and not for purposes of limitation. Descrip-
tions of features or aspects in each example are to be
considered as being applicable to similar features or aspects
in other examples. Suitable results may be achieved if the
described techniques are performed in a different order,
and/or if components in a described system, architecture,
device, or circuit are combined in a different manner, and/or
replaced or supplemented by other components or their
equivalents. Therefore, the scope of the disclosure is defined
not by the detailed description, but by the claims and their
equivalents, and all variations within the scope of the claims
and their equivalents are to be construed as being included
in the disclosure.

What is claimed is:

1. A battery management method comprising:

determining, by a battery management system, a load and
energy estimation model based on at least one acquired
parameter associated with the battery, wherein the at
least one parameter comprises a current level, a voltage
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level, a state of charge (SOC), a temperature, or a
combination of at least two of the parameters thereof;

identifying, by the battery management system, a power
limit of the battery based on the determined load and
determined energy estimation model;

determining, by the battery management system, a power

margin of the battery at a first usage time interval based
on the identified power limit; and

performing, by the battery management system, at least

one action, based on a determination that the power
margin of the battery exceeds a predefined threshold
level.

2. The method of claim 1, wherein the at least one
parameter is acquired by the battery management system.

3. The method of in claim 1, wherein the determining, by
the battery management system, of the load and energy
estimation model comprises:

obtaining, by the battery management system, a pulse

duration of the battery, a depth of discharge of the
battery, a cut-off voltage associated with a pre-set
voltage of the battery, and a temperature of the battery
at a first time interval based on the at least one acquired
parameters; and

determining, by the battery management system, the load

and energy estimation model based on the pulse dura-
tion of the battery, the depth of discharge of the battery,
the cut-off voltage associated with the pre-set voltage
of the battery, and the temperature of the battery.

4. The method of claim 1, wherein the at least one action
comprises notifying a user to close at least one application
running in an electronic device, notifying the user to close
at least one background application running in the electronic
device, reducing a clock speed of a processor of the elec-
tronic device, notifying the user of a remaining capacity of
the battery, notifying the user of a maximum current extract-
able from the battery at a discharge condition, notify the user
of a temperature dependent effect of the battery, predicting
a state of health (SOH) of the battery, providing a route
based on power demands in a vehicle, notify a user of the
vehicle to charge the battery, or a combination of at least two
of the actions thereof.

5. The method of claim 1, wherein the load and energy
estimation model is determined based on a change in at least
one of an ambient temperature of the battery and a cell
temperature of the battery.

6. The method of claim 1, wherein the load and energy
estimation model is determined when a discharge mode of
the battery is changed from a first level to a second level.

7. The method of claim 4, wherein the SOH of the battery
is predicted by:

obtaining a maximum current profile associated with a

fresh battery;

estimating a maximum current profile associated with the

battery based on the load and energy estimation model;
determining a ratio of the estimated maximum current
profile associated with the battery with the maximum
current profile associated with the fresh battery; and
predicting the SOH of the battery based on the determined
ratio.

8. A battery management system, comprising:

one or more processors;

a memory; and
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a load and energy estimation model configuration con-
troller, coupled with the one or more processors and the
memory, and configured to:
determine a load and energy estimation model based on
at least one acquired parameter associated with the
battery, wherein the at least one parameter comprises
a current level, a voltage level, a state of charge
(SOC), a temperature, or a combination of at least
two of the parameters thereof,

identify a power limit of the battery based on the load
and energy estimation model,

determine a power margin of the battery at a first usage
time interval based on the identified power limit, and

perform at least one action based on a determination
that the power margin of the battery exceeds a
predefined threshold level.

9. The battery management system of claim 8, wherein the
at least one parameter is acquired by the battery manage-
ment system.

10. The battery management system of claim 8, wherein
the determining of the load and energy estimation model
comprises:

obtaining a pulse duration of the battery, a depth of
discharge of the battery, a cut-off voltage associated
with a pre-set voltage of the battery, and a temperature
of'the battery at a first time interval based on the at least
one acquired parameter; and

determining the load and energy estimation model based
on the pulse duration of the battery, the depth of
discharge of the battery, the cut-off voltage associated
with the pre-set voltage of the battery, and the tem-
perature of the battery.

11. The battery management system of claim 8, wherein
the at least one action comprises notifying a user to close at
least one application running in an electronic device, noti-
fying the user to close at least one background application
running in the electronic device, reducing a clock speed of
a processor of the electronic device, notifying the user of a
remaining capacity of the battery, notifying the user of a
maximum current extractable from the battery at a discharge
condition, notifying the user of a temperature dependent
effect of the battery, predicting a state of health (SOH) of the
battery, providing a route based on power demands of a
vehicle, notify a user of the vehicle to charge the battery, or
a combination of at least two of the actions thereof.

12. The battery management system of claim 8, wherein
the load and energy estimation model is determined based on
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a change in at least one of an ambient temperature of the
battery and a cell temperature of the battery.

13. The battery management system of claim 8, wherein
the load and energy estimation model is determined when a
discharge mode of the battery is changed from a first level
to a second level.

14. The battery management system of claim 11, wherein
the SOH of the battery is predicted by:

obtaining a maximum current profile associated with a

fresh battery;

estimating a maximum current profile associated with the

battery based on the load and energy estimation model;
determining a ratio of the estimated maximum current
profile associated with the battery with the maximum
current profile associated with the fresh battery; and
predicting the SOH of the battery based on the determined
ratio.

15. An apparatus, comprising:

one or more processors, configured to:

determine a load and energy estimation model based on
an obtained parameter associated with a battery;

identify a power limit of the battery based on the
determined load and energy estimation model;

determine a power margin of the battery at a usage time
interval based on the identified power limit, and

perform a user-based action when the power margin is
determined to exceed a predetermined threshold
level.

16. The apparatus of claim 15, wherein the apparatus is at
least one of an electronic device and an electric vehicle.

17. The apparatus of claim 15, wherein the at least one
battery-related parameter comprises a current level, a volt-
age level, a state of charge (SOC), and a temperature.

18. The apparatus of claim 15, wherein the user-based
action comprises at least one of notifying a user to close at
least one application running in an electronic device, noti-
fying the user to close at least one background application
running in the electronic device, reducing a clock speed of
a processor of the electronic device, notifying the user of a
remaining capacity of the battery, notifying the user of a
maximum current extractable from the battery at a discharge
condition, notifying the user of a temperature dependent
effect of the battery, predicting a state of health (SOH) of the
battery, providing a route based on power demands of a
vehicle, notify a user of the vehicle to charge the battery.
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