
(

(51) International Patent Classification: (72) Inventors: NAHA, Arunava; # 2870, Phoenix Building,
G01R 31/392 (2019.01) G01R 31/382 (2019.01) Bagmane Constellation Business Park, Outer Ring Road,
G01R 31/367 (2019.01) Doddanakundi Circle, Marathahalli Post, Bangalore 560037

(IN). KHANDELWAL, Ashish; # 2870, Phoenix Building,
(21) International Application Number:

Bagmane Constellation Business Park, Outer Ring Road,
PCT/KR20 19/0 16447

Doddanakundi Circle, Marathahalli Post, Bangalore 560037
(22) International Filing Date: (IN). HARIHARAN, Krishnan S ; # 2870, Phoenix Build¬

27 November 2019 (27. 11.2019) ing, Bagmane Constellation Business Park, Outer Ring
Road, Doddanakundi Circle, Marathahalli Post, Bangalore

(25) Filing Language: English 560037 (IN). HAN, Seongho; 129, Samsung-ro, Yeong-
(26) Publication Language: English tong-gu, Suwon-si, Gyeonggi-do 16677 (KR).

(30) Priority Data: (74) Agent: YOON & LEE INTERNATIONAL PATENT &
201941034539 27 August 2019 (27.08.2019) IN LAW FIRM; 3rd FI, Ace Highend Tower-5, 226, Gasan

Digital 1-ro, Geumcheon-gu, Seoul 08502 (KR).
(71) Applicant: SAMSUNG ELECTRONICS CO., LTD.

[KR/KR]; 129, Samsung-ro, Yeongtong-gu, Suwon-si, (81) Designated States (unless otherwise indicated, for every
Gyeonggi-do 16677 (KR). kind of national protection av ailable) . AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,

(54) Title: METHOD AND SYSTEM FOR DETERMINING HEALTH PARAMETER OF A BATTERY

(57) Abstract: Provided are a method and system for determining State of Health (SOH) of a battery. The method includes: detecting
a charging state of the battery that is being charged by a Constant Current (CC) or a Constant Voltage (CV); adding a low frequency
current signal to the CC that is charging the battery to obtain a low frequency charging current, or adding a low frequency voltage signal
to the CV, that is charging the battery to obtain a low frequency charging voltage; determining one or more parameters relating to the
battery during the charging state of the battery; calculating an internal impedance and Open Circuit Voltage (OCV) values based on the
one or more parameters; and determining SOH of the battery based on the calculated internal impedance and the OCV values.

[Continued on next page]



DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY,MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available) : ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, Cl, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:



WO 2021/040146 PCT/KR2019/016447

Description
Title of Invention: METHOD AND SYSTEM FOR DE¬

TERMINING HEALTH PARAMETER OF A BATTERY

Technical Field
[1] The disclosure relates to rechargeable batteries, and more particularly, to a method

and a system for determining a health parameter of a battery.

Background Art
[2] Generally, health of rechargeable batteries deteriorates over a period of time.

However, the period of time may vary for different rechargeable batteries based on

factors such as charging pattern, type of chargers, current fluctuations, lifetime of the

battery and the like. As the health deteriorates, charge storing capacity of the battery

may decrease compared to the initial charge storing capacity. When health of the

battery falls below 80%, then the battery may become unreliable and unsafe for use.

This may also affect lifetime of a device in which the battery is being used. Therefore,

accurate estimation of State of Health (SOH) of the battery is very crucial for under

standing factors such as, remaining useful life of the battery, reliability of the battery

and the like. Further, the estimated SOH helps in planning battery replacement at the

right time for devices such as smartphones, Electronic Vehicles (EVs) and the like.

Further, SOH may also be used for detecting internal short circuit conditions occurring

in the battery. However, the existing systems do not provide an accurate estimation of

the SOH of the battery when the battery is in use in the device, which may lead to

scenarios such as usage of the battery even after it has reached an unreliable and unsafe

state, or replacing the battery during the reliable and safe state of the battery.

Disclosure of Invention

Technical Problem
[3] A few of the related art techniques determine SOH of the battery based on State of

Charge (SOC) of the battery. SOC of the battery is generally an amount of charge

remaining in the battery to use at a given point. The SOC based techniques to

determine SOH may not be accurate since these techniques may introduce errors that

occur due to choice of initial SOC. a few other related art techniques may perform

SOH estimation by monitoring the battery until it is completely charged or completely

discharged. Monitoring until the batteries are completely charged or discharged to

determine the SOH may consume more time and resources. Further, in practical

scenarios where most of the time the batteries may be either partially charged or

discharged, and in some devices like smartphones, charging and discharging cycles

may not even have resting period, related art techniques may fail or provide erroneous
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results. Furthermore, the related art techniques may not be compatible with different

computational capabilities since the batteries may be used in small devices such as

smartphones to large devices such as EVs and Aircrafts.

Solution to Problem
[4] Provided are a method and apparatus for determining a health parameter of a battery.

[5] Additional aspects will be set forth in part in the description which follows and, in

part, will be apparent from the description, or may be learned by practice of the

presented embodiments.

[6] In accordance with an aspect of the disclosure, a method of determining a State of

Health (SOH) of a battery includes: a method for determining State of Health (SOH) of

a battery includes: detecting a charging state of the battery that is being charged by a

Constant Current (CC) or a Constant Voltage (CV); adding a low frequency current

signal to the CC that is charging the battery to obtain a low frequency charging current,

or adding a low frequency voltage signal to the CV, that is charging the battery to

obtain a low frequency charging voltage; determining one or more parameters relating

to the battery during the charging state of the battery; calculating an internal

impedance and Open Circuit Voltage (OCV) values based on the one or more p a

rameters; and determining SOH of the battery based on the calculated internal

impedance and the OCV values.

[7] The calculating the internal impedance and the OCV values may include: de

termining a spectral magnitude and a phase of the low frequency charging current or

the low frequency charging voltage by performing a frequency domain estimation; and

calculating the internal impedance and the OCV values based on the spectral

magnitude and the phase of the low frequency charging current or the low frequency

charging voltage.

[8] The determining the SOH of the battery may include: performing a coulomb count

for collecting the OCV values at a plurality of time instances where the coulomb count

increases by a predefined value, wherein the coulomb count starts from an initial OCV

value, for the plurality of time instances; determining a delta OCV vector by

computing a difference of each of the OCV values with the initial OCV value, and an

average temperature corresponding to the OCV values; and determining the SOH of

the battery based on the delta OCV vector and the average temperature using a

machine learning model that is pre-trained using trial values.

[9] The one or more parameters may include at least one of current, voltage or tem

perature related to the battery.

[10] The charging state of the battery may be at least one of a partial charge or a full

charge.
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[11] The low frequency current signal or the low frequency voltage signal may have a

frequency in a range of 1 hertz to 10 hertz.

[12] The low frequency current signal or the low frequency voltage signal may be a

square wave including positive values.

[13] In accordance with another aspect of the disclosure, a battery health determining

system for determining State of Health (SOH) of a battery includes: a processor; and a

memory communicatively coupled to the processor, wherein the memory stores

processor-executable instructions that, when executed by the processor, causes the

processor to: detect a charging state of the battery that is being charged by a Constant

Current (CC) or a Constant Voltage (CV); add a low frequency current signal to the

CC that is charging the battery to obtain a low frequency charging current, or add a

low frequency voltage signal to the CV charging the battery to obtain a low frequency

charging voltage; determine one or more parameters relating to the battery during the

charging state of the battery; calculate an internal impedance and Open Circuit Voltage

(OCV) values based on the one or more parameters; and determine SOH of the battery

based on the calculated internal impedance and the OCV values.

[14] The processor-executable instructions, when executed by the processor, may further

cause the processor to: determine a spectral magnitude and a phase of the low

frequency charging current or the low frequency charging voltage by performing a

frequency domain estimation; and calculate the internal impedance and the OCV

values based on the spectral magnitude and the phase of the low frequency charging

current or the low frequency charging voltage.

[15] The processor-executable instructions, when executed by the processor, may further

cause the processor to: perform a coulomb count for collecting the OCV values at a

plurality of time instances where the coulomb count increases by a predefined value,

wherein the coulomb count starts from the initial OCV value, for the plurality of time

instances; determine a delta OCV vector by computing a difference of each of the

OCV values with the initial OCV value, and an average temperature corresponding to

the OCV values; and determine the SOH of the battery based on the delta OCV vector

and the average temperature using a machine learning model that is pre-trained using

trial values.

[16] The one or more parameters may include at least one of current, voltage or tem

perature related to the battery.

[17] The charging state of the battery may be at least one of a partial charge or a full

charge.

[18] The low frequency current signal or the low frequency voltage signal may have a

frequency in a range of 1 hertz to 10 hertz.

[19] The low frequency current signal or the low frequency voltage signal may be a
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square wave including positive values.

[20] In accordance with another aspect of the disclosure, a non-transitory computer-

readable recording medium has recorded thereon instructions executable by a

processor to perform a method for determining State of Health (SOH) of a battery, the

method including: detecting a charging state of the battery that is being charged by a

Constant Current (CC) or a Constant Voltage (CV); adding a low frequency current

signal to the CC that is charging the battery to obtain a low frequency charging current,

or adding a low frequency voltage signal to the CV, that is charging the battery to

obtain a low frequency charging voltage; determining one or more parameters relating

to the battery during the charging state of the battery; calculating an internal

impedance and Open Circuit Voltage (OCV) values based on the one or more p a

rameters; and determining SOH of the battery based on the calculated internal

impedance and the OCV values.

[21] The calculating the internal impedance and the OCV values may include: de

termining a spectral magnitude and a phase of the low frequency charging current or

the low frequency charging voltage by performing a frequency domain estimation; and

calculating the internal impedance and the OCV values based on the spectral

magnitude and the phase of the low frequency charging current or the low frequency

charging voltage.

[22] The determining the SOH of the battery may include: performing a coulomb count

for collecting the OCV values at a plurality of time instances where the coulomb count

increases by a predefined value, wherein the coulomb count starts from an initial OCV

value, for the plurality of time instances; determining a delta OCV vector by

computing a difference of each of the OCV values with the initial OCV value, and an

average temperature corresponding to the OCV values; and determining the SOH of

the battery based on the delta OCV vector and the average temperature using a

machine learning model that is pre-trained using trial values.

[23] The one or more parameters may include at least one of current, voltage or tem

perature related to the battery.

[24] The charging state of the battery may be at least one of a partial charge or a full

charge.

[25] The low frequency current signal or the low frequency voltage signal may have a

frequency in a range of 1 hertz to 10 hertz.

[26] The low frequency current signal or the low frequency voltage signal may be a

square wave including positive values.

Advantageous Effects of Invention
[27] One or more embodiments are independent of a State Of Charge (SOC) parameter for
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determining the SOH of the battery, thereby eliminating the errors that may occur due

to choice of initial SOC. Further, one or more embodiments are capable of determining

the SOH at a partially charged state of the battery, which eliminates the need to

monitor the battery until complete charge or discharge of the battery to determine the

SOH. Furthermore, one or more embodiments are compatible with the batteries

working on devices with different computational capabilities. One or more em

bodiments also help in planning maintenance of the device based on the SOH of the

battery. For large systems such as EVs and Aircrafts, maintaining reliable battery is

extremely crucial. In addition to the above-mentioned benefits, one or more em

bodiments provide accurate estimation of the SOH, which in turn helps in detecting

Internal Short Circuit (ISC) scenarios to prevent subsequent damage caused to the

battery and device due to thermal runaway.

Brief Description of Drawings
[28] The above and other aspects, features, and advantages of certain embodiments of the

present disclosure will be more apparent from the following description taken in

conduction with the accompanying drawings, in which:

[29] FIG. 1 shows an exemplary architecture for determining State of Health (SOH) of a

battery in accordance with an embodiment;

[30] FIG. 2A shows a detailed block diagram of a battery health determining system for

determining SOH of a battery in accordance with an embodiment;

[31] FIG. 2B illustrates an exemplary low frequency current signal in accordance with an

embodiment;

[32] FIG. 2C shows a graph representing OCV values and coulomb count in accordance

with an embodiment;

[33] FIG. 2D shows an exemplary graph indicating decrease in SOH of the battery over a

period of time in accordance with an embodiment;

[34] FIG. 3 shows a flowchart illustrating a method of determining SOH of a battery in

accordance with an embodiment; and

[35] FIG. 4 is a block diagram of an exemplary computer system for implementing an em

bodiment.

Mode for the Invention
[36] In the present document, the word "exemplary" is used herein to mean "serving as an

example, instance, or illustration." Any embodiment or implementation of the present

subject matter described herein as "exemplary" is not necessarily to be construed as

preferred or advantageous over other embodiments.

[37] While the disclosure is susceptible to various modifications and alternative forms,

one or more specific embodiments thereof are shown by way of example in the
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drawings and are described in detail below. It should be understood, however, that it is

not intended to limit the disclosure to the forms illustrated, but on the contrary, the

disclosure is to cover all modifications, equivalents, and alternative falling within the

scope of the disclosure.

[38] The terms "comprises," "comprising," "includes" or any other variations thereof, are

intended to cover a non-exclusive inclusion, such that a setup, device or method that

includes a list of components or steps does not include only those components or steps

but may include other components or steps not expressly listed or inherent to such

setup or device or method. In other words, one or more elements in a system or

apparatus proceeded by "comprises ... a" does not, without more constraints, preclude

the existence of other elements or additional elements in the system or method.

[39] Hereinafter, it is understood that expressions such as "at least one of," when

preceding a list of elements, modify the entire list of elements and do not modify the

individual elements of the list. For example, the expression "at least one of [A], [B],

and [C]" means only A, only B, only C, A and B, B and C, A and C, or A, B, and C.

[40] Disclosed herein are a method and a system for determining State of Health (SOH) of

a battery. A battery health determining system may be configured to overcome one or

more drawbacks in the related art. The battery health determining system may detect a

charging state of a battery. The battery may be charged by a Constant Current (CC) or

a Constant Voltage (CV). In some embodiments, the charging state of the battery may

be a at least one of a partial charge or a full charge. Furthermore, the battery health de

termining system may add a low frequency current signal or a low frequency voltage

signal to the CC or the CV charging the battery to obtain a low frequency charging

current and a low frequency charging voltage respectively. Further, the battery health

determining system may extract one or more parameters during the charging state of

the battery. As an example, the one or more parameters may include, but are not

limited to, current, voltage and temperature. Upon determining the one or more p a

rameters, the battery health determining system may estimate an internal impedance

and Open Circuit Voltage (OCV) values based on the one or more parameters. For

example, the battery health determining system may calculate an internal impedance

and Open Circuit Voltage (OCV) values based on the one or more parameters relating

to the battery. Further, the battery health determining system may perform a coulomb

count for collecting the OCV values when the coulomb count increases by a predefined

value. Furthermore, the battery health determining system may determine a delta OCV

vector by computing a difference of each of the OCV values with an initial OCV value.

The battery health determining system may also determine an average temperature cor

responding to the OCV values that were collected by performing the coulomb count.

Based on the delta OCV vector and the average temperature thus determined, the
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battery health determining system may determine SOH of the battery using machine

learning model.

[41] A description of an embodiment with several components in communication with

each other does not imply that all such components are required. On the contrary, a

variety of optional components are described to illustrate the wide variety of possible

embodiments.

[42] In the following detailed description, reference is made to the accompanying

drawings, in which are shown by way of illustration specific embodiments. These em

bodiments are described in sufficient detail to enable those skilled in the art to practice

the disclosure, and it is to be understood that other embodiments may be utilized and

that changes may be made without departing from the scope of the present disclosure.

The following description is, therefore, not to be taken in a limiting sense.

[43] FIG. 1 shows an exemplary architecture 100 for determining State of Health (SOH) of

a battery 103 in accordance with an embodiment.

[44] The architecture 100 includes an electronic device 101, a battery 103 and a battery

health determining system 105. The electronic device 101 may be configured with the

battery 103 for its operation. In some embodiments, the electronic device 101 may be a

mobile device (e.g., a mobile phone, a portable multimedia player, etc.), a laptop, a

tablet, an Electronic Vehicle (EV), a wearable device (e.g., a smart watch), and the

like, which work based on the battery 103. The battery 103 may be removable from the

electronic device 101, and/or the battery 103 may be integrated in the electronic device

101. Further, the battery 103 may be rechargeable. As an example, the battery 103 may

include, but is not limited to, a Lithium Ion (Li-ion) battery and a Lithium polymer

battery. The battery health determining system 105 may be associated with the

electronic device 101 and the battery 103 via a communication network. The commu

nication network may be at least one of a wired communication network and a wireless

communication network.

[45] The battery health determining system 105 may include a processor 109 (e.g., at least

one processor), an input/output (I/O) interface 111 and a memory 113. The I/O

interface 111 may be configured to receive one or more parameters extracted during a

charging state of the battery 103. As an example, the one or more parameters may

include, but are not limited to, at least one of current, voltage and temperature.

According to an embodiment, these parameters may be provided to the battery health

determining system 105 by the electronic device 101. The electronic device 101

collects the parameters from the battery 103. The processor 109 may initially detect a

charging state of the battery 103. The charging state of the battery 103 may be at least

one of a partially charged state (also referred to as partial charge) or a completely

charged state (also referred to as full charge). The battery 103 may be charged by a
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Constant Current (CC) or a Constant Voltage (CV). Further, the processor 109 may

add a low frequency current signal to the CC charging the battery 103 to obtain a low

frequency charging current or may add a low frequency voltage signal to the CV

charging the battery 103 to obtain a low frequency charging voltage. As an example,

the low frequency current signal or the low frequency voltage signal may have

frequency in a range of 1 hertz to 10 hertz. Hereinbelow, the combination of the CC

and the low frequency current signal may be referred as the low frequency charging

current and the combination of the CV and the low frequency voltage signal may be

referred as the low frequency charging voltage. Further, the processor 109 may extract

the one or more parameters during the charging state of the battery 103. Upon de

termining the one or more parameters, the processor 109 may estimate an internal

impedance and Open Circuit Voltage (OCV) values based on the one or more p a

rameters. For example, upon determining the one or more parameters, the battery

health determining system may calculate an internal impedance and Open Circuit

Voltage (OCV) values based on the one or more parameters relating to the battery 103.

Further, the processor 109 may perform a frequency domain estimation to estimate

spectral magnitude and phase of the measured current and voltage. Using values of the

spectral magnitude and the phase of the measured current and the voltage, the

processor 109 may estimate the internal impedance and the OCV values.

[46] Further, the processor 109 may perform a coulomb count for collecting the OCV

values when the coulomb count increases by a predefined value. As an example, the

predefined value of the coulomb count may be 5%, i.e., the processor 109 may collect

the OCV value for every 5% increase in coulomb count from an initial OCV value.

Upon collecting the OCV values based on the coulomb count, the processor 109 may

determine a delta OCV vector by computing a difference of each of the OCV values

with an initial OCV value. Further, the processor 109 may determine an average tem

perature corresponding to the OCV values. The processor 109 may further determine

the State Of Health (SOH) of the battery 103 based on the delta OCV vector and the

average temperature using a machine learning model. The machine learning model

may be pre-trained using trial values.

[47] FIG. 2A shows a detailed block diagram of a battery health determining system 105

for determining State of Health (SOH) of a battery 103 in accordance with an em

bodiment.

[48] In some implementations, the battery health determining system 105 may include

data 203 and modules 205. As an example, the data 203 is stored in the memory 113

configured in the battery health determining system 105 as shown in the FIG. 2A. The

data 203 may include parameter data 207, estimated data 209, battery health data 2 11

and other data 212.
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[49] In various embodiments, the data 203 may be stored in the memory 113 in the form

of various data structures. Additionally, the data 203 can be organized using data

models, such as relational or hierarchical data models. The other data 212 may store

data, including temporary data and temporary files, generated by the modules 205 for

performing the various operations of the battery health determining system 105.

[50] The data 203 stored in the memory 113 may be processed by the modules 205 of the

battery health determining system 105. The modules 205 may be stored within the

memory 113. In an example, the modules 205 communicatively coupled to the

processor 109 configured in the battery health determining system 105, may also be

present outside the memory 113 as shown in FIG. 2A and implemented as hardware.

As used herein, the term module may refer to an application specific integrated circuit

(ASIC), an electronic circuit, a processor (shared, dedicated, or group) and memory

that execute one or more software or firmware programs, a combinational logic circuit,

and/or other suitable components that provide the described functionality.

[51] The modules 205 may include, for example, a parameter extracting module 213, an

estimating module 215, a State Of Health (SOH) determining module 217 and other

modules 219. The other modules 219 may be used to perform various miscellaneous

functionalities of the battery health determining system 105. It will be appreciated that

such aforementioned modules 205 may be represented as a single module or a com

bination of different modules.

[52] The parameter extracting module 213 may initially detect a charging state of the

battery 103. The charging state of the battery 103 may be at least one of a partially

charged state (also referred to as partial charge) or a completely charged state (also

referred to as full charge). The battery 103 may be charged by a Constant Current (CC)

or a Constant Voltage (CV). Further, the parameter extracting module 213 may add a

low frequency current signal to the CC charging the battery to obtain a low frequency

charging current, or may add a low frequency voltage signal to the CV charging the

battery to obtain a low frequency charging voltage. As an example, the low frequency

current signal or the low frequency voltage signal may have frequency in a range of 1

hertz to 10 hertz. As described above, the combination of the CC and the low

frequency current signal may be referred as the low frequency charging current and the

combination of the CV and the low frequency voltage signal may be referred as the

low frequency charging voltage. Upon adding the low frequency current signal or the

low frequency voltage signal, the parameter extracting module 213 may extract the one

or more parameters relating to the battery during the charging state of the battery 103.

As an example, the one or more parameters may include, but are not limited to,

current, voltage and temperature relating to the battery. The one or more parameters

extracted may be stored as the parameter data 207. In some embodiments, the charging
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state of the battery 103 may be at least one of a partially charged state (also referred to

as partial charge) or a completely charged state (also referred to as full charge), i.e., the

one or more parameters may be extracted when the battery 103 is partially charged or

fully charged.

[53] In some embodiments, the low frequency current signal or the low frequency voltage

signal may be a square wave including positive values. An exemplary low frequency

current signal 202 is shown in the FIG. 2B. Further, the parameter extracting module

213 may determine spectral magnitude and phase of the low frequency charging

current by performing a frequency domain estimation using the below Math Figure 1.

[54] [Math Figure 1]

[55] I(f )=FFT i
[56]

[57] In the above Math Figure 1, 1(f) indicates magnitude and phase of the low frequency

charging current at the frequency f, FFT (i) indicates Fast Fourier Transformation

applied to the existing discrete time current values (i), and i is an array of discrete time

current values.

[58] Further, the parameter extracting module 213 may determine spectral magnitude and

phase of the measured low frequency charging voltage by performing a frequency

domain estimation using the below Math Figure 2.

[59] [Math Figure 2]

[60] Vf FFT )

[61]

[62] In the above Math Figure 2, V(f) indicates magnitude and phase of the low frequency

charging voltage at the frequency f, and FFT (v) indicates Fast Fourier Transformation

applied to the existing array of voltage values indicated by v.

[63] Further, the estimating module 215 may estimate an internal impedance and Open

Circuit Voltage (OCV) values based on the one or more parameters. For example, the

estimating module 215 may calculate an internal impedance and Open Circuit Voltage

values based on the one or more parameters. The internal impedance and the OCV

values may be stored as the estimated data 209. The estimating module 215 may

estimate the internal impedance based on the spectral magnitude and the phase of the

measured low frequency charging current and the voltage. In some embodiments, the

estimating module 215 may estimate internal impedance at the low frequency using the

below Math Figure 3.

[64] [Math Figure 3]

[65] R .( = V(f)/I(f)

[66]
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[67] In the above Math Figure 3, f indicates the fundamental frequency value of the

square wave which may be between lHz to 10Hz, R t f') indicates internal impedance at

the frequency f, 1(f) indicates magnitude and phase of the low frequency charging

current at the frequency f, and V(f) indicates magnitude and phase of the low

frequency charging voltage at the frequency f .

[68] Further, the estimating module 215 may estimate the OCV values based on the

spectral magnitude and the phase of the low frequency charging current and the low

frequency charging voltage. In some embodiments, the internal impedance calculated

using Equation 3 may also be used to calculate the OCV values. The estimating

module 215 may calculate the OCV values at a plurality of time instances using, but

not limited to, Kirchhoff s Voltage Law (KVL).

[69] Upon estimating the internal impedance and the OCV values at a plurality of time

instances, the SOH determining module 217 may determine the OCV values at a

plurality of time instances where coulomb count increases by a predefined value. As an

example, a coulomb count may be performed starting from an initial OCV value, for a

plurality of time instances using the below Math Figure 4.

[70] [Math Figure 4]

[73] In the above Math Figure 4, indicates coulomb count between k
( k i )

- max

and instances, k indicate two time instances, i(k) indicates current at

time instance k, indicates sampling time, an maximum capacity

of the battery 103.

[74] The above Math Figure 4 provides coulomb count, i.e., measures charge entering and

leaving the battery 103 by computing summation of current multiplied by sampling

time. In some embodiments, the coulomb count starts from an initial OCV value. As an

example, the initial OCV value may be 3.7V.

[75] The SOH determining module 217 may determine coulomb count for a plurality of

time instances. The SOH determining module 217 may determine the plurality of time

instances at which the coulomb count increases by the predefined value. As an

example, the predefined value may be 5%. Therefore, whenever the SOH determining

module 217 determines a 5% increase in the coulomb count, the SOH determining

module 217 may collect the OCV value. FIG. 2C shows a graph representing OCV
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idt ) along the X-axis. As shown in FIG. 2C, an exemplary initial OCV
X100%

C max

value determined at time instance k ! which is indicated as 221a, may be 3.7V.

Further, at time instance k , a 5% increase in coulomb count is observed compared to

the coulomb count at the time instance k - Therefore, the OCV value corresponding

to the time instance k ,.which is indicated as 221b, may be collected. Similarly, at

time instance 2 , 5% increase in coulomb count is observed compared to the

coulomb count at the time instance k Therefore, the OCV value corresponding to

the time instance , which is indicated as 221c, may be collected. Similarly, the

OCV values may be collected for a plurality of time instances when the 5% increase in

coulomb count is determined.

[76] Further, the SOH determining module 217 may determine delta OCV vector using

the OCV values collected at the plurality of time instances. In some embodiments, the

delta OCV vector may be determined by computing a difference of the determined

OCV values with the initial OCV value. Referring to the above example, where the

OCV values are determined at k 0 , k a d time instances, the SOH de

termining module 217 may compute the difference using the below Math Figure 5.

[77] [Math Figure 5]

[78] A CV(n =OCV k„)-OCV(k )

[79]

[80] where n = 1, 2, ..., N. N may be 9

[81] As an example,

[82] NOCV{\)=OCV( k„)- CV k 0)=3.78-3.7=0.08V

[83] Upon determining delta OCV values for each of the collected OCV values, the SOH

determining module 217 may determine a delta OCV vector, i.e., a vector of delta

OCV values by using each of the delta OCV values.

[84] Further, the SOH determining module 217 may determine average temperature using

temperature values determined at the plurality of time instances corresponding to the

determined OCV values. The temperature values may be determined using temperature

sensors associated with the battery 103 or using any other temperature determining

mechanisms.

[85] Finally, the SOH determining module 217 may provide the delta OCV vector and the

average temperature as an input to a machine learning model to determine SOH of the

battery 103 as shown in the below Math Figure 6.

[86] [Math Figure 6]
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[87] SOH of the battery 103 A C , Tbatt)

[88]

[89] In the above Math Figure 6, T b t indicates average temperature, / 'indicates

delta OCV vector; and f indicates a function of the machine learning model.

[90] By way of example, the SOH of the battery 103 may be a percentage value. Further,

as an example, the machine learning model may be an Artificial Neural Network

(ANN). In some embodiments, the machine learning model may be pre-trained based

on trial values of the one or more parameters, delta OCV vectors, average temperature

and the like. Further, the machine learning model may first be trained using a training

dataset and subsequently tested using a testing dataset. Values corresponding to at least

one of the coulomb count, delta OCV vector, average temperature and SOH of the

battery 103 may be stored as the battery health data 211. FIG. 2D shows a graph with

OCV values along the Y-axis and coulomb count along the X-

axis, that indicates decrease in SOH and change in OCV curves of the battery 103 over

a period of time.

[91] FIG. 3 shows a flowchart illustrating a method 300 of determining State of health

(SOH) of a battery in accordance with an embodiment.

[92] As illustrated in FIG. 3, the method 300 includes one or more blocks illustrating a

method of determining State of Health (SOH) of a battery. The method 300 may be

described in the general context of computer-executable instructions. Generally,

computer-executable instructions can include at least one of routines, programs,

objects, components, data structures, procedures, modules, and functions, which

perform functions or implement abstract data types.

[93] The order in which the method 300 is described is not intended to be construed as a

limitation, and any number of the described method blocks can be combined in any

order to implement the method 300. Additionally, individual blocks may be deleted

from the methods without departing from the spirit and scope of the subject matter

described herein. Furthermore, the method 300 can be implemented in any suitable

hardware, software, firmware, or combination thereof.

[94] At block 301, the method 300 may include detecting, by a processor 109 configured

in a battery health determining system 105, a charging state of a battery 103. The

charging state of the battery 103 may be at least one of a partially charged state (also

referred to as partial charge) or a completely charged state (also referred to as full

charge). The battery 103 may be charged by a Constant Current (CC) or a Constant

Voltage (CV).

[95] At block 303, the method 300 may include adding, by the processor 109, at least one
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of a low frequency current signal to the CC charging the battery 103 to obtain a low

frequency charging current or a low frequency voltage signal to the CV charging the

battery 103 to obtain a low frequency charging voltage.

[96] At block 305, the method 300 may include extracting, by the processor 109, one or

more parameters relating to the battery 103 during a charging state of the battery. The

one or more parameters may include, but are not limited to, current, voltage and/or

temperature.

[97] At block 307, the method 300 may include estimating, by the processor 109, an

internal impedance and Open Circuit Voltage (OCV) values based on the one or more

parameters. For example, the method 300 may include calculating, by the processor

109, an internal impedance and Open Circuit Voltage (OCV) values based on the one

or more parameters relating to the battery 103

[98] At block 309, the method 300 may include determining, by the processor 109, SOH

of the battery 103 based on the calculated internal impedance, the OCV values and

average temperature of the battery 103 using a machine learning model that may be

pre-trained using trial values. In some embodiments, the processor 109 may start a

coulomb count from an initial OCV value for a plurality of time instances and collect

the OCV values at a plurality of time instances for which the coulomb count increases

by a predefined value. Upon collecting the OCV values, the processor 109 may

determine a delta OCV vector using the OCV values and also may determine an

average temperature corresponding to the OCV values. Further, based on the delta

OCV vector and the average temperature, the processor 109 may determine the SOH of

the battery 103.

[99] FIG. 4 is a block diagram of an exemplary computer system 400 for implementing

one or more embodiments.

[100] Referring to FIG. 4, the computer system 400 can be a battery health determining

system 105 that is used for determining State of Health (SOH) of a battery 103. The

computer system 400 may include a central processing unit ("CPU" or "processor")

402. The processor 402 may include at least one data processor for executing program

components for executing user or system-generated business processes. A user may

include a person, a person using a device such as such as those described above, or

such a device itself. The processor 402 may include specialized processing units such

as integrated system (bus) controllers, memory management control units, floating

point units, graphics processing units, digital signal processing units, etc.

[101] The processor 402 may be in communication with input devices 4 11 and output

devices 412 via an I/O interface 401. The I/O interface 401 may employ commu

nication protocols/methods such as, without limitation, audio, analog, digital, stereo,

IEEE-1394, serial bus, Universal Serial Bus (USB), infrared, PS/2, BNC, coaxial,
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component, composite, Digital Visual Interface (DVI), high-definition multimedia

interface (HDMI), Radio Frequency (RF) antennas, S-Video, Video Graphics Array

(VGA), IEEE 802.n /b/g/n/x, Bluetooth, cellular (e.g., Code-Division Multiple Access

(CDMA), High-Speed Packet Access (HSPA+), Global System For Mobile Commu

nications (GSM), Long-Term Evolution (LTE), WiMax, or the like), etc.

[102] Using the I/O interface 401, the computer system 400 may communicate with input

devices 411 and output devices 412.

[103] The processor 402 may be in communication with a communication network 409 via

a network interface 403. The network interface 403 may communicate with the com

munication network 409. The network interface 403 may employ connection protocols

including, without limitation, direct connect, Ethernet (e.g., twisted pair 10/100/1000

Base T), Transmission Control Protocol/Internet Protocol (TCP/IP), token ring, IEEE

802.11a/b/g/n/x, etc. Using the network interface 403 and the communication network

409, the computer system 400 may communicate with an electronic device 101 and a

battery 103. The communication network 409 can be implemented as one of the

different types of networks, such as intranet or Local Area Network (LAN) and such

within the organization. The communication network 409 may either be a dedicated

network or a shared network, which represents an association of the different types of

networks that use a variety of protocols, for example, Hypertext Transfer Protocol

(HTTP), Transmission Control Protocol/Intemet Protocol (TCP/IP), Wireless Ap

plication Protocol (WAP), etc., to communicate with each other. Further, the commu

nication network 409 may include a variety of network devices, including routers,

bridges, servers, computing devices, storage devices, etc. The electronic device 101

may include, but is not limited to, a mobile device (such as a mobile phone, a portable

multimedia player, etc.), a smart wearable device, a laptop, a tablet, and an Electronic

Vehicle (EV), which work based on the battery 103. The processor 402 may be in

communication with a memory 405 (e.g., RAM, ROM, etc.) via a storage interface

404. The storage interface 404 may connect to memory 405 including, without

limitation, memory drives, removable disc drives, etc., employing connection protocols

such as Serial Advanced Technology Attachment (SATA), Integrated Drive

Electronics (IDE), IEEE-1394, Universal Serial Bus (USB), fibre channel, Small

Computer Systems Interface (SCSI), etc. The memory drives may further include a

drum, magnetic disc drive, magneto-optical drive, optical drive, Redundant Array of

Independent Discs (RAID), solid-state memory devices, solid-state drives, etc.

[104] The memory 405 may store a collection of program or database components,

including, without limitation, a user interface 406, an operating system 407, a web

browser 408 etc. In some embodiments, the computer system 400 may store user/

application data, such as the data, variables, records, etc. as described in this invention.
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Such databases may be implemented as fault-tolerant, relational, scalable, secure

databases such as Oracle or Sybase.

[105] Operating system 407 may facilitate resource management and operation of the

computer system 400. Examples of operating systems include, without limitation,

APPLE® MACINTOSH ® OS X®, UNIX®, UNIX-like system distributions (e.g.,

BERKELEY SOFTWARE DISTRIBUTION ® (BSD), FREEBSD ®, NETBSD®,

OPENBSD, etc.), LINUX® DISTRIBUTIONS (E.G., RED HAT®, UBUNTU®,

KUBUNTU®, etc.), IBM®OS/2®, MICROSOFT ®WINDOWS ® (XP®, VISTA®/7/8,10

etc.), APPLE® IOS®, GOOGLE™ ANDROID™, BLACKBERRY ® OS, or the like.

The user interface 406 may facilitate display, execution, interaction, manipulation, or

operation of program components through textual or graphical facilities. For example,

user interfaces may provide computer interaction interface elements on a display

system operatively connected to computer system 400, such as cursors, icons, check

boxes, menus, scrollers, windows, widgets, etc. Graphical User Interfaces (GUIs) may

be employed, including, without limitation, APPLE® , MACINTOSH ® operating

systems' AQUA®, IBM® OS/2®, MICROSOFT ®WINDOWS ® (e.g., Aero, Metro, etc.),

web interface libraries (e.g., ACTIVEX®, JAVA®, JAVASCRIPT ®, AJAX, HTML,

ADOBE® FLASH®, etc.), or the like.

[106] Computer system 400 may implement web browser 408 stored program

components. The web browser 408 may be a hypertext viewing application, such as

MICROSOFT ® INTERNET EXPLORER ®, GOOGLE™ CHROME™, MOZILLA ®

FIREFOX®, APPLE® SAFARI®, etc. Secure web browsing may be provided using

Secure Hypertext Transport Protocol (HTTPS), Secure Sockets Layer (SSL), Transport

Layer Security (TLS), etc. Web browsers 408 may uti i e facilities such as AJAX,

DHTML, ADOBE® FLASH®, JAVASCRIPT ®, JAVA®, Application Programming In

terfaces (APIs), etc. The computer system 400 may implement a mail server stored

program component. The mail server may be an Internet mail server such as

MICROSOFT EXCHANGE, or the like. The mail server may utilize facilities such as

ASP, ACTIVEX®, ANSI® C++/C#, MICROSOFT ®,. NET, CGI SCRIPTS, JAVA®,

JAVASCRIPT ®, PERL®, PHP, PYTHON®, WEBOBJECTS ®, etc. The mail server may

utilize communication protocols such as Internet Message Access Protocol (IMAP),

Messaging Application Programming Interface (MAPI), MICROSOFT ® exchange,

Post Office Protocol (POP), Simple Mail Transfer Protocol (SMTP), or the like. In

some embodiments, the computer system 400 may implement a mail client stored

program component. The mail client may be a mail viewing application, such as

APPLE® MAIL, MICROSOFT ® ENTOURAGE ®, MICROSOFT ® OUTLOOK®,

MOZILLA ® THUNDERBIRD ®, etc.

[107] Furthermore, one or more computer-readable storage media may be utilized in im-
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plementing one or more embodiments. A computer-readable storage medium refers to

any type of physical memory on which information or data readable by a processor

may be stored. Thus, a computer-readable storage medium may store instructions for

execution by one or more processors, including instructions for causing the

processor(s) to perform steps or stages consistent with one or more embodiments

described herein. The term "computer-readable medium" should be understood to

include tangible items and exclude carrier waves and transient signals, i.e., non-

transitory. Examples include Random Access Memory (RAM), Read-Only Memory

(ROM), volatile memory, non-volatile memory, hard drives, Compact Disc (CD)

ROMs, Digital Video Disc (DVDs), flash drives, disks, and any other known physical

storage media.

[108] A description of an embodiment with several components in communication with

each other does not imply that all such components are required. On the contrary, a

variety of optional components are described to illustrate the wide variety of possible

embodiments. When a single device or article is described herein, it will be apparent

that more than one device/article (whether or not they cooperate) may be used in place

of a single device/article. Similarly, where more than one device or article is described

herein (whether or not they cooperate), it will be apparent that a single device/article

may be used in place of the more than one device or article or a different number of

devices/articles may be used instead of the shown number of devices or programs. The

functionality and/or the features of a device may be alternatively embodied by one or

more other devices that are not explicitly described as having such functionality/

features. Thus, other embodiments need not include the device itself.

[109] The specification has described a method and a system for determining State of

Health (SOH) of a battery. The illustrated steps are set out to explain the exemplary

embodiments shown, and it should be anticipated that on-going technological de

velopment will change the manner in which particular functions are performed. These

examples are presented herein for purposes of illustration, and not limitation. Further,

the boundaries of the functional building blocks have been arbitrarily defined herein

for the convenience of the description. Alternative boundaries can be defined so long

as the specified functions and relationships thereof are appropriately performed. A l

ternatives (including equivalents, extensions, variations, deviations, etc., of those

described herein) will be apparent to persons skilled in the relevant art(s) based on the

teachings contained herein. Such alternatives fall within the scope and spirit of the

disclosed embodiments. Also, the words "comprising," "having," "containing," and

"including," and other similar forms are intended to be equivalent in meaning and be

open-ended in that an item or items following any one of these words is not meant to

be an exhaustive listing of such item or items, or meant to be limited to only the listed



WO 2021/040146 PCT/KR2019/016447

item or items. It must also be noted that as used herein and in the appended claims, the

singular forms "a," "an," and "the" include plural references unless the context clearly

dictates otherwise.

[110] Finally, the language used in the specification has been principally selected for

readability and instructional purposes, and it may not have been selected to delineate or

circumscribe the inventive subject matter. It is therefore intended that the scope of the

invention be limited not by this detailed description, but rather by at least any claims

that issue on an application based here on. Accordingly, described embodiments are

intended to be illustrative, but not limiting, of the scope of the invention, which is set

forth at least in the following claims.
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Claims
[Claim 1] A method for determining State of Health (SOH) of a battery, the

method comprising:

detecting a charging state of the battery that is being charged by a

Constant Current (CC) or a Constant Voltage (CV);

to the CC that is charging the battery to obtain a low frequency

charging current, or adding a low frequency voltage signal to the CV,

that is charging the battery to obtain a low frequency charging voltage;

determining one or more parameters relating to the battery during the

charging state of the battery;

calculating an internal impedance and Open Circuit Voltage (OCV)

values based on the one or more parameters; and

determining SOH of the battery based on the calculated internal

impedance and the OCV values.

[Claim 2] The method as claimed in claim 1, wherein the calculating the internal

impedance and the OCV values comprises:

determining a spectral magnitude and a phase of the low frequency

charging current or the low frequency charging voltage by performing a

frequency domain estimation; and

calculating the internal impedance and the OCV values based on the

spectral magnitude and the phase of the low frequency charging current

or the low frequency charging voltage.

[Claim 3] The method as claimed in claim 1, wherein the determining the SOH of

the battery comprises:

performing a coulomb count for collecting the OCV values at a

plurality of time instances where the coulomb count increases by a

predefined value, wherein the coulomb count starts from an initial OCV

value, for the plurality of time instances;

determining a delta OCV vector by computing a difference of each of

the OCV values with the initial OCV value, and an average temperature

corresponding to the OCV values; and

determining the SOH of the battery based on the delta OCV vector and

the average temperature using a machine learning model that is pre

trained using trial values.

[Claim 4] The method as claimed in claim 1, wherein the one or more parameters

comprise at least one of current, voltage or temperature related to the

battery.
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[Claim 5] The method as claimed in claim 1, wherein the charging state of the

battery is at least one of a partial charge or a full charge.

[Claim 6] The method as claimed in claim 1, wherein the low frequency current

signal or the low frequency voltage signal has a frequency in a range of

1 hertz to 10 hertz.

[Claim 7] The method as claimed in claim 1, wherein the low frequency current

signal or the low frequency voltage signal is a square wave comprising

positive values.

[Claim 8] A battery health determining system for determining State of Health

(SOH) of a battery, the battery health determining system comprising:

a processor; and

a memory communicatively coupled to the processor,

wherein the memory stores processor-executable instructions that,

when executed by the processor, causes the processor to:

detect a charging state of the battery that is being charged by a Constant

Current (CC) or a Constant Voltage (CV);

add a low frequency current signal to the CC that is charging the

battery to obtain a low frequency charging current, or add a low

frequency voltage signal to the CV charging the battery to obtain a low

frequency charging voltage;

determine one or more parameters relating to the battery during the

charging state of the battery;

calculate an internal impedance and Open Circuit Voltage (OCV)

values based on the one or more parameters; and

determine SOH of the battery based on the calculated internal

impedance and the OCV values.

[Claim 9] The battery health determining system as claimed in claim 8, wherein

the processor-executable instructions, when executed by the processor,

further cause the processor to:

determine a spectral magnitude and a phase of the low frequency

charging current or the low frequency charging voltage by performing a

frequency domain estimation; and

calculate the internal impedance and the OCV values based on the

spectral magnitude and the phase of the low frequency charging current

or the low frequency charging voltage.

[Claim 10] The battery health determining system as claimed in claim 8, wherein

the processor-executable instructions, when executed by the processor,

further cause the processor to:
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perform a coulomb count for collecting the OCV values at a plurality of

time instances where the coulomb count increases by a predefined

value, wherein the coulomb count starts from the initial OCV value, for

the plurality of time instances;

determine a delta OCV vector by computing a difference of each of the

OCV values with the initial OCV value, and an average temperature

corresponding to the OCV values; and

determine the SOH of the battery based on the delta OCV vector and

the average temperature using a machine learning model that is pre

trained using trial values.

[Claim 11] The battery health determining system as claimed in claim 8, wherein

the one or more parameters comprise at least one of current, voltage or

temperature related to the battery.

[Claim 12] The battery health determining system as claimed in claim 8, wherein

the charging state of the battery is at least one of a partial charge or a

full charge.

[Claim 13] The battery health determining system as claimed in claim 8, wherein

the low frequency current signal or the low frequency voltage signal \

have a frequency in a range of 1 hertz to 10 hertz.

[Claim 14] The battery health determining system as claimed in claim 8, wherein

the low frequency current signal or the low frequency voltage signal is

a square wave comprising positive values.

[Claim 15] A non-transitory computer-readable recording medium having recorded

thereon instructions executable by a processor to perform a method for

determining State of Health (SOH) of a battery, the method comprising:

detecting a charging state of the battery that is being charged by a

Constant Current (CC) or a Constant Voltage (CV);

adding a low frequency current signal to the CC that is charging the

battery to obtain a low frequency charging current, or adding a low

frequency voltage signal to the CV, that is charging the battery to

obtain a low frequency charging voltage;

determining one or more parameters relating to the battery during the

charging state of the battery;

calculating an internal impedance and Open Circuit Voltage (OCV)

values based on the one or more parameters; and

determining SOH of the battery based on the calculated internal

impedance and the OCV values.
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