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METHOD OF BUILDING BATTERY SOH
ESTIMATION MODEL BASED ON ACTUAL
VEHICLE COLLECTION BIG DATA AND
BATTERY SOH MODEL BUILDING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2022-0148874, filed on Nov. 9,
2022, which application is hereby incorporated herein by
reference.

TECHNICAL FIELD

[0002] Exemplary embodiments of the present disclosure
relate to estimation of a state of health (SOH) of a battery.

BACKGROUND

[0003] Recently, electric vehicles (XEV), which have
increased in accordance with eco-friendly demands, mainly
use battery packs as vehicle power sources. In this case, xEV
refer to electric vehicles such as hybrid electric vehicles
(HEV), plug-in hybrid electric vehicles (PHEV), and battery
electronic vehicles (BEV).

[0004] Therefore, it is very important for the xEV to
accurately estimate a state of health (SOH) of a battery. In
this case, the SOH may be identified as a degree of aging
(i.e., a degree of degradation) of the battery, and the degree
of aging (i.e., the degree of degradation) of the battery can
be known by a state change of current internal resistance and
capacity according to vehicle traveling when compared to an
ideal state (i.e., an initial state) of the battery.

[0005] As described above, the battery pack applied to the
xEV is a power source which operates based on electro-
chemical characteristics and has a characteristic in which, as
charging and discharging proceed, the electrochemical char-
acteristics change due to an increase in internal resistance
and a decrease in capacity.

[0006] For this reason, the XEV builds a battery SOH
model on the basis of test data, applies the battery SOH
model as a battery capacity model, and uses the battery
capacity model in determining an SOH of the battery pack.
[0007] As an example, the test-based battery SOH model
building logic establishes an electrochemical relational
expression for deriving a capacity and internal resistance on
the basis of a temperature, a state of charge (SOC), and a
load, which are factors influencing the SOH of the battery,
secures time-series data along with cell durability test data
through a cell characteristics extraction test and a long-time
cell durability test in various conditions of a temperature, an
SOC, and a load, and builds an SOH model in which a model
output value is a capacity using parameters of the electro-
chemical relational expression extracted on the basis of the
cell durability test data.

[0008] In this way, the test-based battery SOH model is
able to estimate a current SOH of the battery according to
battery aging (degradation) in which a change of an internal
parameter of the battery exhibits a nonlinear behavior,
thereby increasing efficiency of battery control.

[0009] However, the test-based battery SOH estimation
model is based on cell durability test battery data instead of
actual vehicle driving/charging battery data so that advance-
ment of a battery control algorithm is difficult.
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[0010] As an example, in the test-based battery SOH
model, the electrochemical relational expression uses only
an average temperature, an average SOC, and an average
load and does not entirely use time series data, and since all
durability test values should be extracted in various condi-
tions such as a temperature, an SOC, and a load, a test period
is very long due to the nature of the durability test, and since
a model output value of the SOH estimation model directly
derives an SOH from a capacity, the SOH model itself is
difficult to be used for other purposes so that extensibility is
insufficient.

[0011] Therefore, it is difficult for the existing SOH esti-
mation model to verify actual vehicle test data and the
battery for each battery system assembly (BSA) unit, to
reflect characteristics of individual vehicles to the SOH of
the battery, and to consider driving profiles of all actual
vehicles.

[0012] Most of all, the existing SOH estimation model can
measure the internal resistance and capacity in a specific test
condition to secure accuracy. However, it is practically
impossible to periodically request performance of the cor-
responding test on vehicles sold to consumers.

SUMMARY

[0013] Exemplary embodiments of the present disclosure
relate to estimation of a state of health (SOH) of a battery.
Particular embodiments relate to a battery SOH model
building system in which an SOH estimation model is built
through a Newman, Tiedmann, Gu, and Kim (NTGK)
method, which uses a voltage as a model output value on the
basis of big data collected from mass-produced vehicles and
representing actual driving/charging of the battery so that
chemical characteristics of a battery pack, which change
according to a change of the SOH, can be accurately
reflected.

[0014] An embodiment of the present disclosure provides
a method of building a battery state of health (SOH) esti-
mation model based on actual vehicle collection big data, in
which a battery SOH estimation model of a voltage output
value capable of indirectly identifying an SOH of a battery
is built using an extraction parameter of actual vehicle
driving/charging battery data with respect to the battery,
which is collected from mass-produced vehicles and, par-
ticularly, a Newman, Tiedmann, Gu, and Kim (NTGK)
voltage model applied to the battery SOH estimation model
is optimized using big data according to accumulation of the
actual vehicle driving/charging battery data and which is
capable of estimating the SOH of the battery with high
accuracy in real time in consideration of a driver’s driving
pattern, effectively classifying and learning accumulated
actual driving history data according to operating condi-
tions, and achieving advancement of a control algorithm
reflecting chemical characteristics of a battery pack, which
change according to a change in SOH condition, and a
battery SOH model building system.

[0015] Other features and advantages of embodiments of
the present disclosure can be understood by the following
description and become apparent with reference to the
exemplary embodiments of the present disclosure. Also, it is
obvious to those skilled in the art to which the present
disclosure pertains that the features and advantages of
embodiments of the present disclosure can be realized by the
means as claimed and combinations thereof.
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[0016] In accordance with an embodiment of the present
disclosure, there is provided a method of building a battery
state of health (SOH) estimation model which includes
establishing a battery Newman, Tiedmann, Gu, and Kim
(NTGK) model in which the NTGK model is built from test
data of a battery pack by an NTGK server and a model
voltage is output to an optimization server from the NTGK
model, extracting battery big data in which actual vehicle
driving/charging battery data of a battery mounted in a
vehicle is analyzed by a vehicle customer relation manage-
ment (VCRM) server and a measured voltage is output to the
optimization server, and optimizing a battery NTGK model
in which an error between the model voltage and the
measured voltage is set by the optimization server, the error
is minimized by a gradient descent algorithm of machine
learning for an objective function, and optimal parameters
for a capacity and resistance of the battery are derived
through error minimization.

[0017] As an exemplary embodiment, the establishing of
the battery NTGK model may include collecting the test data
in an initial capacity state in which the battery pack is not
charged and discharged, extracting parameters related to a
temperature and resistance from the test data as model fixed
parameters, and performing NTGK processing on the model
fixed parameters and building an NTGK model in which the
model voltage is an output value.

[0018] As an exemplary embodiment, the test data may be
a current, a voltage, and a temperature according to a
temperature value and a current value.

[0019] As an exemplary embodiment, the extracting of the
battery big data may include synthesizing, by the VCRM
server, the actual vehicle driving/charging battery data of the
battery transmitted from a VCRM terminal mounted in the
vehicle, performing data pre-processing using the actual
vehicle driving/charging battery data as big data through
artificial intelligence, and extracting actual vehicle param-
eters having the measured voltage as an output value from
the data pre-processing as a current, a temperature, and a
voltage of the battery.

[0020] As an exemplary embodiment, the data pre-pro-
cessing may apply a data unit which uses start-up on/off
periods of the vehicle as one data set, may use a data set of
a rest period after a start-up off period of a previous data set
before a start-up on period, may use actual measurement
information on a voltage, a current, and a temperature, may
apply two or more of determined initial state of charge
(SOC) values of the battery on the basis of the measured
voltage value as a setting condition, and may analyze and
classify the actual vehicle driving/charging battery data
using the setting condition.

[0021] As an exemplary embodiment, the rest period is set
to one hour after the start-off period.

[0022] As an exemplary embodiment, the optimizing of
the battery NTGK model may include setting an initial
condition for reducing the error, calculating an N”-order
objective function by applying the capacitance and the
resistance as optimization variables elements and processing
the objective function using the optimization elements by a
gradient descent algorithm, confirming whether a tolerance
value is satisfied, when the tolerance value is not satisfied,
performing the calculating of the N”-order objective func-
tion again and repeating the procedure and finding the
optimal parameters for the optimization elements, and when
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the tolerance value is satisfied, deriving the optimization
elements as the optimal parameters.

[0023] As an exemplary embodiment, the calculating of
the N*-order objective function may include setting a cal-
culation result of the objective function as a first-order
calculation value of the objective function, normalizing a
slope of the objective function using the gradient descent
algorithm, applying the slope of the objective function to the
tolerance value and deriving a shift direction of the optimi-
zation elements, and setting the calculation result of the
objective function as an N”-order calculation value of the
objective function in the shift direction of the optimization
elements.

[0024] As an exemplary embodiment, the operation of the
repeating of the procedure may include comparing the
N*_order calculation value of the objective function with the
first-order calculation value of the objective function, when
the N*-order calculation value of the objective function is
greater than the first-order calculation value of the objective
function, reducing a step size for changing the tolerance
value, and when the N”-order calculation value of the
objective function is smaller than the first-order calculation
value of the objective function, increasing the number of
repetitions of a total type step.

[0025] As an exemplary embodiment, the reducing of the
step size may be set to /2 compared to a previous step, and
after the reducing of the step size, the procedure may return
to the deriving of the shift direction of the optimization
elements during the calculating of the N*-order objective
function by applying the slope of the objective function to
the tolerance value.

[0026] As anexemplary embodiment, the increasing of the
number of repetitions may return to the normalizing of the
slope of the objective function using the gradient descent
algorithm during the calculating of the N”-order objective
function.

[0027] As an exemplary embodiment, the NTGK model
may be built as an NTGK voltage model by applying the
optimal parameters, and the NTGK voltage model may
output the SOH of the battery as “SOH=xxx%.”

[0028] In accordance with another embodiment of the
present disclosure, there is provided a battery state of health
(SOH) model building system including a Newman, Tied-
mann, Gu, and Kim (NTGK) server configured to build an
NTGK voltage model from test data of a battery pack and
output a model voltage from the NTGK voltage model, a
vehicle customer relation management (VCRM) server con-
figured to analyze actual vehicle driving/charging battery
data of a battery mounted in a vehicle and output a measured
voltage, and an optimization server configured to set an error
between the model voltage and the measured voltage, apply
a capacity and resistance of the battery, as optimization
elements, to an objective function, derive optimal param-
eters for the capacity and the resistance in a process of
minimizing the error using a gradient descent algorithm of
machine learning for the objective function, and optimize
the NTGK voltage model as the optimal parameters.
[0029] As an exemplary embodiment, the NTGK server
may use an NTGK model to which the capacity and the
resistance of the battery cell are applied as parameters.
[0030] As an exemplary embodiment, the actual vehicle
driving/charging battery data may be provided to the VCRM
server through a VCRM terminal installed in the vehicle.
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[0031] As an exemplary embodiment, the NTGK voltage
model may be applied to an SOH estimation terminal, and
the SOH estimation terminal may display the SOH of the
battery as “SOH=xxx%" through a display in a state of being
mounted in the vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1 is a flowchart illustrating a method of
building a battery state of health (SOH) estimation model
based on actual vehicle collection big data according to
embodiments of the present disclosure.

[0033] FIG. 2 is a diagram illustrating an example of a
configuration of a battery SOH model building system in
which an SOH estimation terminal is built as a Newman,
Tiedmann, Gu, and Kim (NTGK) voltage model according
to embodiments of the present disclosure.

[0034] FIG. 3 is a conceptual diagram illustrating an
NTGK model of a battery pack according to embodiments of
the present disclosure.

[0035] FIG. 4 is a diagram illustrating an example of an
operation of an optimization execution server performing
parameter derivation optimization of the NTGK model
based on actual vehicle collection big data according to
embodiments of the present disclosure.

[0036] FIG. 5 is a diagram illustrating an example of a
battery SOH estimation result through parameter optimiza-
tion of the NTGK voltage model according to embodiments
of the present disclosure.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[0037] Exemplary embodiments of the present disclosure
will be described below in more detail with reference to the
accompanying drawings, and these embodiments are
examples of the present disclosure and may be embodied in
various other different forms by those skilled in the art to
which the present disclosure pertains so that the present
disclosure is not limited to these embodiments.

[0038] Referring to FIG. 1, a method of building a battery
state of health (SOH) estimation model includes establishing
a battery Newman, Tiedmann, Gu, and Kim (NTGK) model
(810) in which an NTGK voltage model is built using model
fixed parameters extracted through battery test data, extract-
ing battery big data (S20) in which actual vehicle parameters
are extracted using actual vehicle driving/charging battery
data as big data, and optimizing an NTGK model of the
battery (S30) in which model optimal parameters are derived
from the model fixed parameters and the actual vehicle
parameters through optimization objective function process-
ing to allow the NTGK voltage model to replace the fixed
parameters as the optimal parameters.

[0039] In this way, the method of building a battery SOH
estimation model may apply, by an optimization server 30
(see FIG. 2), any one of an error of a model voltage V4,
an error of a measured voltage V., a battery capacity a,
and battery resistance § as an objective function G and
derive optimal parameters o* and p* of a battery 5 (see FIG.
2) mounted on the vehicle through error minimization
processing.

[0040] Thus, the method of building a battery SOH esti-
mation model is characterized as a method of building a
battery SOH estimation model based on actual vehicle
collection big data, in which: first, since a current capacity
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is extracted using driving data of an individual vehicle and
an optimization algorithm, it is possible to derive an SOH of
the individual vehicle reflecting a driver’s characteristics;
second, since a driving/charging profile of an actual vehicle
is used, a durability test taking a long period of time is
unnecessary in a vehicle development stage; third, since the
SOH of the battery can be indirectly identified through
parameter extraction of the voltage model, expandability
through the voltage model is large; and fourth, advancement
of the control algorithm reflecting the chemical character-
istics of the battery pack, which change according to a
change in SOH, is possible.

[0041] Referring to FIG. 2, a battery SOH model building
system 1 includes an NTGK model building server 10 using
the NTGK model, a vehicle customer relation management
(VCRM) data extraction server 20 using VCRM, and the
optimization server 30.

[0042] In particular, the NTGK model building server 10
outputs a model voltage V,,,, from test data of a battery
pack 5A, which is built using the NTGK model, the VCRM
data extraction server 20 outputs a measured voltage V.
from actual vehicle driving/charging battery data of the
battery 5 mounted in a vehicle 100, and the optimization
server 30 is connected to the NTGK model building server
10 and the VCRM data extraction server 20, receives the
model voltage V., and the measured voltage V., and
applies a gradient descent algorithm of machine learning to
an error minimization process with respect to a setting error.
[0043] For example, the NTGK model allows Y, which is
an electrical conductivity characteristic obtained through a
battery discharge test, and U, which is a voltage character-
istic obtained through the battery discharge test, to obtain a
5% approximation coefficient value of a function model with
respect to a depth of discharge (DoD). In this case, the
NTGK model is built as an NTGK voltage model through an
NTGK model part 10A of the NTGK model building server
10.

[0044] For example, VCRM is a big data technology of
VCRM data analysis algorithm of a server (i.e., the VCRM
data extraction server 20) and collects VCRM information
from an electronic control unit (ECU) inside the vehicle to
transmit the VCRM information to a server in real time
through wireless data communication so that data generated
inside the vehicle may be analyzed and utilized in real time.
In this case, the VCRM is implemented through a VCRM
terminal 3 installed in the vehicle 100.

[0045] Here, the method of building a battery SOH esti-
mation model based on actual vehicle collection big data of
FIG. 1 will be described in detail with reference to FIGS. 2
to 5. In this case, control main bodies are the NTGK model
building server 10, the VCRM data extraction server 20, and
the optimization server 30, and a control target is the NTGK
voltage model.

[0046] First, the NTGK model building server 10 per-
forms the establishing of an NTGK model of battery (S10).
[0047] Referring to FIG. 2, the NTGK model building
server 10 extracts a temperature C and SOC capacities a and
b, as model fixed parameters, from a current, a voltage, and
a temperature of test data according to temperature/current
values of an initial capacity pack with respect to the battery
pack 5A of the battery 5 used as a power source of the
vehicle 100 and selects the NTGK model using model
variable parameters including a capacity o and resistance 3
of the battery 5 as parameters among models, each deriving
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a voltage output with respect to a current input, thereby
building an NTGK voltage model capable of performing
voltage estimation. In this case, a resistance value, which is
a parameter of the NTGK model, uses an inverse number of
electrical conductivity Y. This is due to the fact that, since
the resistance value has a characteristic changing nonlin-
early according to an SOC inside the battery, an internal
resistance value 1/Y and polarization U have a direct rela-
tionship with a capacity Q.

[0048] Therefore, the establishing of the NTGK model of
the battery (S10) includes collecting test data (a current, a
voltage, and a temperature) according to the temperature/
current values of the initial capacity pack (S11), extracting
an NTGK model fixed parameter (S12), and building an
NTGK model (S13).

[0049] Referring to FIG. 3, a concept of the NTGK model
is on the basis of “V=I4, . mc* onsuradaic.” Of an electro-
chemical reaction generated when a current is input to the
battery pack SA with a negative electrode and a positive
electrode.

[0050] As an example, “J=I, . mctTnonsuradaic” 1 Simpli-
fied to “J=1,, p0:.” by Omitting “J,.,. ¢ i daie,” and the NTGK
voltage model in Table 1 is established from “Jg, ,....=Y
(Vp=-Vn-U).” In this case, “Y” denotes electrical conduc-
tivity, “Vp,Vn” denotes a voltage, and “U” denotes a voltage
characteristic.
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[0051] InTable 1, the NTGK voltage model is exemplified
such that inputs are set as a current [ and temperatures T,
and T, o, an output is set as a pack voltage V., set initial
values are an SOC, of the battery and an internal capacity Q
of the battery, model fixed parameters are set as battery
temperature related parameters C, and C, and SOC related
parameters a,, a,, a,, as, a4, by, by, by, bs, and b,, and model
variable parameters are set as the capacity a and the
resistance § of the battery.

[0052] In particular, the model fixed parameters C,, C,, a,,
aj, a,, a3, a4, by, by, b,, by, and b, reflect the fact that battery
resistance and polarization have non-linear characteristic
curves according to the SOC and the temperature by apply-
ing the SOC related parameters a,, a,, a,, a5, and a, to an
electrical conductivity equation Y, applying the temperature
related parameters C; and C, and the SOC related param-
eters by, b;, b,, bs, and b, to a voltage equation U, perform-
ing a reference performance test (RPT) for each temperature
and each current value through an initial state of the battery
pack 5A, and extracting the model fixed parameters from the
current/voltage/temperature collected through regression.
[0053] In addition, the model variable parameters o and f§
indicate a degree of degradation in resistance and capacity
values representing the SOH of the battery so that the NTGK
model may be applied to the SOH estimation.

[0054] Therefore, in the collecting of the test data (S11),
the RPT is performed for each temperature and each current
value through the initial state of the battery pack 5A, and
then the current/voltage/temperature are collected through
regression, and in the extracting of the fixed parameter
(812), the temperature/SOC related parameters C,, C,, a,,
aj, a,, as, 4y, by, by, b,, by, and b, are extracted, as the model
fixed parameters, from the test data, and in the building of
the NTGK model (S13), the NTGK voltage model is devel-
oped so that a voltage V is estimated as an output from the
electrical conductivity equation Y to which the SOC related
parameters a,, a,, a,, a5, and a, are applied and the voltage
equation U to which the temperature related parameters C,
and C, and the SOC related parameters by, b, b,, b;, and b,
are applied.

[0055] Subsequently, in the extracting of the battery big
data (S20), the VCRM data extraction server 20 extracts
pieces of data of a current I, a temperature T, and a voltage
V,acte @ actual vehicle parameters by utilizing the actual
vehicle driving/charging battery data as big data.

[0056] To this end, the extracting of the battery big data
(S20) includes synthesizing the pieces of data into a mass-
produced vehicle data server (S21), pre-processing battery
data (S22), and extracting pieces of data of a current I, a
temperature T, and a voltage V., in an actual driving/
charging situation (S23). In this case, the mass-produced
vehicle data server is the VCRM data extraction server 20,
and the pre-processed battery data is the actual vehicle
driving/charging battery data transmitted from the VCRM
terminal 3.

[0057] Referring to FIG. 2, the VCRM data extraction
server 20 extracts the current I, the temperature T, and the
voltage V., as actual vehicle parameters, from the big
data using the actual vehicle driving/charging battery data of
the battery 5 installed and operated in the vehicle 100
through the VCRM terminal 3 installed in the vehicle 100
using an artificial intelligence technique.

[0058] In particular, for an algorithm of the pre-processing
of the battery data (S22), the VCRM data extraction server
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20: (1) as a data application unit determines a start-up on-off
section as one data set, prevents time-series characteristics
from being broken on the basis of the big data, (2) minimizes
a polarization effect using a data set in which a rest period
is present for one hour or more after a period of a start-up
off in a previous data set before a start-up on, (3) uses only
information on the voltage/current/temperature, which is
data obtained through actual measurement, (4) determines
an initial SOC value through a measured voltage value, and
(5) uses an inherent open circuit voltage (OCV)-SOC char-
acteristic curve of the battery.

[0059] Finally, the optimization server 30 performs the
optimizing of the NTGK model of the battery (S30). In this
way, optimal parameters are derived from the model fixed
parameters and the actual vehicle parameters through opti-
mization objective function processing to allow the NTGK
voltage model to convert the fixed parameters into the
optimal parameters.

[0060] Referring to FIG. 2, the optimization server 30 sets
optimization elements o (capacity) and [ (resistance) as
battery SOH estimation model parameters, calculates and
sets an objective function E as an error between an actually
measured voltage value and a voltage value derived by the
NTGK voltage model, and implements optimization of a
gradient descent algorithm G which is a machine learning
technique to meet an error range, thereby deriving the
optimization elements o and [} as optimal parameters a* and
[*. In this case, the optimal parameters 3* and f*, which are
the derived result values of the optimization algorithm, are
SOH parameter values at which the error between the
actually measured voltage value and a voltage simulation
value of the NTGK model becomes the smallest.

[0061] Referring to FIG. 4, the optimization algorithm
performed by the optimization server 30 through an opti-
mization logic part 30A sets optimization elements a and 3
reducing an error region between a model voltage and an
actual vehicle voltage, finds optimal parameters representing
the SOH of the battery by reducing an error using the
objective function and a machine learning technique of a
gradient descent method, and derives the optimization ele-
ments o and § as optimal parameters a* and f*.

[0062] In particular, the model voltage refers to the volt-
age V... provided by a NTGK model part 10A of the
NTGK model building server 10 as an output of the NTGK
voltage model, the actual vehicle voltage refers to the
voltage V,,,., which is the actual battery measurement data
provided by the VCRM data extraction server 20 as the
actual vehicle parameter, and the error refers to an error
between an actual voltage value of an aging battery (i.e., a
vehicle-mounted battery) and a voltage value which is a
model] result value.

[0063] Specifically, the optimizing of the NTGK model of
the battery (S30) includes setting an initial condition (S31),
calculating an nt h order objective function (S32), confirm-
ing whether an error range is satisfied (S33), repeating the
procedure (S34 to S36), and deriving optimal parameters
(S37).

[0064] Herein, k is defined as the number of times opti-
mization is performed, E is defined as the objective function,
E, is defined as a k™ optimization objective function of the
optimization process, VK is defined as the actual battery
voltage (measured data), V", is defined as a k” predicted

pack
battery voltage (model data) of the optimization process, N
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is defined as a total time step, G is defined as a slope of the
objective function, and c is defined as the error.

[0065] For example, in the setting of the initial condition
(831), an initial value for optimization processing to reduce
an error between the model voltage and the measured
voltage is set as follows.

[0066] Initial setting condition: k=0 & z=0.01

[0067] As an example, the calculating of the objective
function with an n order (S32) is an n” order iteration
procedure to reach an optimization process and includes
calculating a first-order objective function (S32-1), normal-
izing a slope of the objective function (S32-2), deriving a
shift direction of the optimization variable (S32-3), and
calculating an N**-order objective function (S32-4).

[0068] To this end, in the calculating of the first-order
objective function (S§32-1), an optimization variable x is
processed using the objective function E.

Optimization variable (x)=x* = [of, B
Objective function (£):(3

(? indicates text missing or illegible when filed

[0069] Thus, the objective function is calculated to reduce
a voltage value error between an actual voltage value of the
aging battery and a voltage value obtained through a test,
which is the model result value, using the optimization
elements & and f for the model parameters of the NTGK
voltage model, and this calculation is repeated from one time
step to the total time step.

[0070] In addition, in the normalizing of the slope of the
objective function (S32-2), a slope G is calculated using a
gradient descent method, and in the deriving of the shift
direction of the optimization variable (§32-3), the optimi-
zation elements o and [ are shifted in a direction of
optimization shift, and in the calculating of the n”-order
objective function (S32-4), an optimization variable x**' to
which an optimization shift value is applied is processed
using an objective function EF*',

Gradient descent method:(3)
Optimization shift value:®

(@ indicates text missing or illegible when filed

[0071] Thus, the gradient descent method is performed
with a machine learning technique for finding an optimal
parameter representing an SOH, the machine learning tech-
nique derives a shift direction for optimization by normal-
izing the slope G using the slope G of the objective function,
and the model parameter (x“=[a*,B*]) is shifted in the
direction of reducing the objective function in each iteration
for optimization.

[0072] As aresult, the optimization elements o and 3 are
derived as a first-order calculation value of the objective
function E(x°) and an N*-order calculation value of the
objective function E(x**).

[0073] Forexample, in the confirming of whether the error
range is satisfied (S33), a tolerance value is applied.
[0074] Tolerance value: €=0.01/1024 and z=0.01
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[0075] As a result, as shown in FIG. 4, when “e=0.01/
1024” is satisfied, the procedure is switched to an operation
of deriving an optimal parameter (S37) so that the NTGK
voltage model of the NTGK model building server 10
replaces the existing optimization elements o and [§ with the
optimal parameters a* and B*, which are the values derived
from the optimization algorithm, and the optimal parameters
o* (capacity) and B* (resistance) represent SOH parameter
values at which an error between the actual measured
voltage value and the voltage simulation value of the NTGK
model is the smallest.

[0076] Otherwise, as shown in FIG. 4, when “e=0.01/
1024” is not satisfied, the procedure for finding the optimal
parameters o/* and B* using the optimization elements o and
B as change parameters a* and B* is repeated.

[0077] Therefore, the repeating of the procedure (S34 to
$36) includes confirming a decrease in a calculation value of
the N*-order objective function (S34), reducing a step size
(835), increasing the number of iterations (§36), and deriv-
ing optimal parameters (S37).

[0078] For example, the confirming of the decrease in the
calculation value of the N**-order objective function (S34) is
performed through an objective function reduction condi-
tion.

[0079] Objective function reduction condition: E(x**")<E
x%)

[0080] As a result, when the N*-order calculation value
E(x**') of the objective function for the optimization ele-
ments o and f§ is not smaller than the first-order calculation
value E(x% of the objective function, the procedure enters
the reducing of the step size (S35).

[0081] For example, the reducing of the step size (S35) is
performed by resetting an error satisfaction value, and then
the procedure returns to the deriving of the shift direction of
the optimization variable ($32-3) to perform subsequent
operations.

[0082] Error satisfaction value resetting: e=¢/2

[0083] As described above, in the reducing of the step size
(835), the objective function value E(x“*') of a current
iteration being greater than the objective function value
E(x°) of a previous iteration in the optimization process
passes through an optimal point so that a previous step size
is reduced '% and the optimization element is shifted in a
direction of the optimal point again.

[0084] On the other hand, when the N*-order calculation
value E(x**") of the objective function for the optimization
elements o and B is smaller than the first-order calculation
value E(x°) of the objective function, the procedure enters
the increasing of the number of iterations (S36).

[0085] Increasing of the number of iterations: k=k+1
[0086] For example, the increasing of the number of
iterations (S36) is performed by increasing the number of
iterations, and then the procedure returns to the normalizing
of the slope of the objective function (S32-2) to perform
subsequent operations.

[0087] In this way, in the increasing of the number of
iterations (S36), the model parameter elements are shifted in
the direction of reducing the objective function in a corre-
sponding iteration in the optimization process (x“*'=[ca“*",
B*']) (see FIG. 4), and then the iteration continues by
increasing the number of times of calculation by one (k=k+
1).

[0088] Meanwhile, referring to FIG. 5, it can be seen that
the NTGK voltage model replaces the optimization elements
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a and [ with the optimal parameters a* and f* through
parameter optimization so that estimation results of the SOH
of the battery are exemplified from a validation results
image graph, an iteration image graph, and an error image
graph.

[0089] For example, when an SOH estimation result
through the parameter optimization of the voltage estimation
model (NTGK) is a*=0.987 and p*=1.1, it was experimen-
tally proved that the SOH of the battery 5 mounted in the
vehicle 100 was SOH=98.7%.

[0090] Referring to FIG. 2, the battery SOH model build-
ing system 1 builds an SOH estimation terminal 7 using the
NTGK voltage model to which the optimal parameters o*
and p* are applied, and the SOH estimation terminal 7 is
installed in the vehicle 100. Thus, during vehicle traveling,
an SOH of the battery 5 is estimated and the estimated result
is displayed as internal resistance * and a capacity a* so
that a current SOH of the battery 5 may be confirmed.
[0091] To this end, the SOH estimation terminal 7 includes
a display 9, and the display 9 informs the outside of a graph
image including information of “SOH=xxx%" (see FIG. 5).
[0092] As described above, the method of building a
battery SOH estimation model based on actual vehicle
collection big data implemented in the battery SOH model
building system 1 according to the present embodiment
builds, by the NTGK model building server 10, an NTGK
voltage model using the test data acquired from the battery
pack 5A to output the model voltage, outputs, by the VCRM
data extraction server 20, a measured voltage from the actual
vehicle driving/charging battery data of the battery 5 ana-
lyzed by artificial intelligence, minimizes, by the optimiza-
tion server 30, the error setting values for the model voltage
and the measured voltage using a gradient descent algorithm
of machine learning for the objective function, derives and
applies the optimal parameters o* and f* to the NTGK
voltage model, and outputs the SOH of the battery 5 as
“SOH=xxx%.”

[0093] Therefore, according to the method of building a
battery SOH estimation model based on actual vehicle
collection big data, by using the actual vehicle driving/
charging battery data collected from mass-produced vehicles
as big data, estimation of the SOH of the battery with high
accuracy in real time in consideration of the driver’s driving
pattern, effective classification and learning of accumulated
actual driving history data according to operating condi-
tions, and advancement of the control algorithm reflecting
chemical characteristics of the battery pack, which change
according to a change in SOH condition, are possible.
[0094] A method of building a state of health (SOH)
estimation model of a battery based on actual vehicle
collection big data implemented in a battery SOH model
building system of embodiments of the present disclosure
implements operations and effects as follows.

[0095] First, advancement of a control algorithm reflecting
chemical characteristics of a battery pack, which change
according to a change in SOH condition, is possible. Second,
an algorithm which accurately estimates a capacity and
resistance, which are current SOH conditions of a battery, by
utilizing actual driving/charging big data collected from
mass-produced vehicles can be implemented. Third, a volt-
age estimation model is built by optimizing parameters of
Newman, Tiedmann, Gu, and Kim (NTGK) using actual big
data so that effective classification and learning of actual
driving history data and advancement of the control algo-
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rithm reflecting chemical characteristics of the battery pack,
which change according to a change in SOH condition, can
be implemented. Fourth, driving data and an optimization
algorithm of an individual vehicle are used to estimate the
SOH (capacity and resistance) of the battery on the basis of
the voltage estimation model so that an SOH of the indi-
vidual vehicle to which a driver’s characteristic is reflected
can be derived by extracting a current capacity of the battery.
Fifth, since a driving/charging profile of an actual vehicle is
used, a durability test taking a long period of time is
unnecessary in a vehicle development stage and, particu-
larly, it is easy to verify actual vehicle measurement data and
battery system assembly (BSA) units so that the character-
istics of individual vehicles can be easily reflected to the
SOH of the battery.

[0096] While embodiments of the present disclosure have
been described with reference to the accompanying draw-
ings, it will be apparent to those skilled in the art that various
changes and modifications can be made without departing
from the spirit and scope of the present disclosure without
being limited to the exemplary embodiments disclosed
herein. Accordingly, it should be noted that such alternations
or modifications fall within the claims of the present dis-
closure, and the scope of the present disclosure should be
construed on the basis of the appended claims.

What is claimed is:

1. A method of building a battery state of health (SOH)
estimation model, the method comprising:

applying, by an optimization server, an error of a model

voltage, an error of a measured voltage, a capacity, or
a resistance of a battery mounted in a vehicle as an
objective function; and

performing error minimization processing to derive opti-

mal parameters of the battery.

2. The method of claim 1, wherein:

the model voltage is output from test data of a battery

pack, which is built using a Newman, Tiedmann, Gu,
and Kim (NTGK) model by an NTGK server;
the measured voltage is output from actual vehicle driv-
ing/charging battery data of the battery mounted in the
vehicle by a vehicle customer relation management
(VCRM) server; and

the error minimization processing is performed using a
gradient descent algorithm of machine learning by the
optimization server.
3. The method of claim 2, wherein building the NTGK
model by the NTGK server comprises:
collecting the test data in an initial capacity state in which
the battery pack is not charged and discharged;

extracting parameters related to a temperature and the
resistance from the test data as model fixed parameters;
and

performing NTGK processing on the model fixed param-

eters and building the NTGK model in which the model
voltage is an output value.

4. The method of claim 3, wherein the test data comprises
a current, a voltage, and the temperature according to a
temperature value and a current value.

5. The method of claim 2, further comprising extracting
battery big data of the battery from the VCRM server,
wherein extracting the battery big data comprises:

synthesizing, by the VCRM server, the actual vehicle

driving/charging battery data of the battery transmitted
from a VCRM terminal mounted in the vehicle;
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performing data pre-processing using the actual vehicle
driving/charging battery data as the battery big data
through artificial intelligence; and

extracting actual vehicle parameters having the measured

voltage as an output value from the data pre-processing
as a current, a temperature, and a voltage of the battery.

6. The method of claim 5, wherein performing the data
pre-processing comprises:

applying a data unit which uses start-up on/off periods of

the vehicle as one data set;

using a data set of a rest period after a start-up off period

of a previous data set before a start-up on period;
using actual measurement information on the current, and
the temperature, and the voltage;

applying two or more of determined initial state of charge

(SOC) values of the battery based on the measured
voltage as a setting condition; and

analyzing and classifying the actual vehicle driving/

charging battery data using the setting condition.

7. The method of claim 6, wherein the rest period is set to
one hour after the start-up off period.

8. The method of claim 2, further comprising optimizing,
by the optimization server, the NTGK model of the battery,
wherein optimizing the NTGK model comprises:

setting an initial condition for reducing the error;

calculating an N”-order objective function by applying

the capacity and the resistance as optimization elements

and processing the objective function using the opti-

mization elements by the gradient descent algorithm;
determining whether a tolerance value is satisfied;

in response to a determination that the tolerance value is

not satisfied, performing calculating the N”-order
objective function again, repeating the optimizing, and
finding the optimal parameters for the optimization
elements; and

in response to a determination that the tolerance value is

satisfied, deriving the optimization elements as the
optimal parameters.

9. The method of claim 8, wherein calculating the N”-
order objective function comprises:

setting a calculation result of the objective function as a

first-order calculation value of the objective function;
normalizing a slope of the objective function using the
gradient descent algorithm;

applying the slope of the objective function to the toler-

ance value and deriving a shift direction of the opti-
mization elements; and

setting the calculation result of the objective function as

an N”-order calculation value of the objective function
in the shift direction of the optimization elements.

10. The method of claim 9, wherein repeating the opti-
mizing comprises:

comparing the N”-order calculation value of the objective

function with the first-order calculation value of the
objective function;

in response to the N”-order calculation value of the

objective function being greater than the first-order
calculation value of the objective function, reducing a
step size for changing the tolerance value; and
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in response to the N*”-order calculation value of the
objective function being smaller than the first-order
calculation value of the objective function, increasing a
number of repetitions of a total type step.

11. The method of claim 10, wherein reducing the step

size comprises setting to %2 compared to a previous step size.

12. The method of claim 11, further comprising, after
reducing the step size, returning to deriving the shift direc-
tion of the optimization elements during calculating the
N*_order objective function by applying the slope of the
objective function to the tolerance value.

13. The method of claim 10, wherein increasing the
number of repetitions comprises returning to normalizing
the slope of the objective function using the gradient descent
algorithm during calculating the N*-order objective func-
tion.

14. The method of claim 2, wherein:

the NTGK model is built as an NTGK voltage model by
applying the optimal parameters; and

the NTGK voltage model outputs the SOH of the battery
as “SOH=xxx%.”

15. A battery state of health (SOH) model building

system, the system comprising:

a Newman, Tiedmann, Gu, and Kim (NTGK) server
configured to build an NTGK voltage model from test
data of a battery pack and output a model voltage from
the NTGK voltage model;

a vehicle customer relation management (VCRM) server
configured to analyze actual vehicle driving/charging
battery data of a battery mounted in a vehicle and
output a measured voltage; and

an optimization server configured to set an error between
the model voltage and the measured voltage, apply a
capacity and a resistance of the battery, as optimization
elements, to an objective function, derive optimal
parameters for the capacity and the resistance in a
process of minimizing the error using a gradient
descent algorithm of machine learning for the objective
function, and optimize the NTGK voltage model as the
optimal parameters.

16. The system of claim 15, wherein the NTGK server is
configured to use an NTGK model to which the capacity and
the resistance of the battery are applied as parameters.

17. The system of claim 15, further comprising a VCRM
terminal in the vehicle, wherein the VCRM terminal is
configured to provide the actual vehicle driving/charging
battery data to the VCRM server.

18. The system of claim 15, wherein:

the NTGK voltage model is configured to be applied to an
SOH estimation terminal; and

the SOH estimation terminal is mounted in the vehicle
and is configured to output an SOH of the battery.

19. The system of claim 18, wherein:

the SOH estimation terminal is connected to a display;
and

the display is configured to display the SOH as
“SOH=xxx%.”



