10

15

20

25

METHOD OF PROVIDING BATTERY REPLACEMENT SERVICE AND APPARATUS

FOR PERFORMING THE METHOD

BACKGROUND
1. Field of the Invention
The present invention relates to a method of providing a battery replacement service and
an apparatus for performing the method. More specifically, the present invention relates to a
method of providing a battery replacement service to provide a replacement service for a battery
used in an electrically driven means of transportation (e.g., electric vehicle), and an apparatus for

performing the method.

2. Discussion of Related Art

Globally, electric vehicles are attracting attention as a national environmental regulation
project to reduce greenhouse gas emission. Since an electric vehicle is connected to a system
for charging, as the number of electric vehicles increases, the load applied to the system due to
charging also increases. When several electric vehicles are simultaneously being charged, the
simultaneous charging may lead to an increase in peak power. Such a surge in demand for
charging may lead to voltage variations in the system, increased losses, and, in severe cases,
power outages.

Further, it takes a certain amount of time to charge the electric vehicle, and it is easy for
charging stations with limited space to become saturated during times of high demand according

to charging patterns of users.

In addition, since it takes a considerable amount of time to charge the electric vehicle
even in the case of fast charging, it may take a lot of time for charging when there are many

vehicles to be charged.
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Therefore, in order for electric vehicles to be widely used, the problem of battery

charging should be solved.

SUMMARY OF THE INVENTION

The present invention is directed to solving all of the above-described problems.

The present invention is also directed to providing a battery replacement service that
allows a battery to be replaced to a ready-to-run state without wasting charging time by

providing a battery replacement service without charging the battery.

The present invention is also directed to providing a battery of equal value when a user
does not use a battery replacement service by enabling the user to replace the battery more

rapidly and effectively based on driving data of the user and determining the value of the battery.

A representative configuration of the present invention for achieving the above objects is

as follows.

According to an aspect of the present invention, there is provided a method of providing
a battery replacement service comprises collecting, by a battery data collection unit, data about a
battery, collecting, by an electric vehicle data collection unit, data about an electric vehicle,
determining, by a battery replacement target determination unit, a target battery to be replaced
among batteries, determining, by a battery replacement timing determination unit, a replacement
timing of the target battery, determining, by a battery replacement place determination unit, a
replacement place of the target battery and providing, by a battery replacement service providing

unit, a replacement service for the target battery.
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Meanwhile, the determining of the target battery includes determining, by the battery
replacement target determination unit, the target battery based on route data and battery charge
amount data, determining, by the battery replacement target determination unit, the target battery
based on predicted route data, the battery charge amount data, and a first battery threshold value
and determining, by the battery replacement target determination unit, the target battery based on
user charging data and a second battery threshold value, wherein the first battery threshold value
is determined in consideration of a battery environment, a driving environment, and a vehicle
driving habit, and the second battery threshold value is determined in consideration of a charge

amount at a time when the battery of the electric vehicle has been replaced in the past.

Further, the battery replacement service providing unit provides a first-type battery
replacement service and a second-type battery replacement service, the first-type battery
replacement service is a replacement service for a first-type battery in which a user’s initial
battery value is not considered and the second-type battery replacement service is a replacement
service for a second-type battery in which a change in the user’s initial battery value is

considered.

According to another aspect of the present invention, there is provided a battery
replacement system comprises a battery data collection unit configured to collect data about a
battery, an electric vehicle data collection unit configured to collect data about an electric vehicle,
a battery replacement target determination unit configured to determine a target battery to be
replaced among batteries, a battery replacement timing determination unit configured to
determine a replacement timing of the target battery, a battery replacement place determination
unit configured to determine a replacement place of the target battery and a battery replacement

service providing unit configured to provide a replacement service for the target battery.



10

15

20

25

Meanwhile, the battery replacement target determination unit is configured to determine
the target battery based on route data and battery charge amount data, determine the target
battery based on predicted route data, the battery charge amount data, and a first battery
threshold value, and determine the target battery based on user charging data and a second
battery threshold value, the first battery threshold value is determined in consideration of a
battery environment, a driving environment, and a vehicle driving habit and the second battery
threshold value is determined in consideration of a charge amount at a time when the battery of

the electric vehicle has been replaced in the past.

Further, the battery replacement service providing unit provides a first-type battery
replacement service and a second-type battery replacement service, the first-type battery
replacement service is a replacement service for a first-type battery in which a user’s initial
battery value is not considered and the second-type battery replacement service is a replacement
service for a second-type battery in which a change in the user’s initial battery value is

considered.

BRIEF DESCRIPTION OF THE DRAWINGS
The above and other objects, features and advantages of the present invention will
become more apparent to those of ordinary skill in the art by describing in detail exemplary

embodiments thereof with reference to the accompanying drawings, in which:

FIG. 1 is a conceptual diagram illustrating a battery replacement system according to an

embodiment of the present invention.

FIG. 2 is a conceptual diagram illustrating the operation of a battery replacement target

determination unit according to an embodiment of the present invention.

4
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FIG. 3 is a conceptual diagram illustrating the operations of a battery replacement place
determination unit and a battery replacement timing determination unit according to an

embodiment of the present invention.

FIG. 4 is a conceptual diagram illustrating the operation of a battery replacement service

providing unit according to an embodiment of the present invention.

FIG. 5 is a conceptual diagram illustrating a battery value determination device

according to an embodiment of the present invention.

FIG. 6 is a conceptual diagram illustrating the operation of a first battery value

determination unit according to an embodiment of the present invention.

FIG. 7 is a conceptual diagram illustrating the operation of a second battery value
determination unit according to an embodiment of the present invention.
FIG. 8 is a conceptual diagram illustrating the operation of a second battery value

determination unit according to an embodiment of the present invention.

FIG. 9 is a conceptual diagram illustrating the operation of a battery value determination

unit according to an embodiment of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
The detailed description of the present invention will be made with reference to the
accompanying drawings showing examples of specific embodiments of the present invention.

These embodiments will be described in detail such that the present invention can be performed

5
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by those skilled in the art. It should be understood that various embodiments of the present
invention are different but are not necessarily mutually exclusive. For example, a specific
shape, structure, and characteristic of an embodiment described herein may be implemented in
another embodiment without departing from the scope and spirit of the present invention. In
addition, it should be understood that a position or arrangement of each component in each
disclosed embodiment may be changed without departing from the scope and spirit of the present
invention. Accordingly, there is no intent to limit the present invention to the detailed
description to be described below. The scope of the present invention is defined by the
appended claims and encompasses all equivalents that fall within the scope of the appended
claims. Like reference numerals refer to the same or like elements throughout the description

of the figures.

Hereinafter, in order to enable those skilled in the art to practice the present invention,
exemplary embodiments of the present invention will be described in detail with reference to the
accompanying drawings.

Hereinafter, the term “electric vehicle” used in the present invention may be used in a

sense that includes a means of transportation (e.g., car, motorcycle, truck, etc.).

FIG. 1 is a conceptual diagram illustrating a battery replacement system according to an

embodiment of the present invention.

In FIG. 1, a battery replacement system for providing a battery replacement service is

disclosed.

Referring to FIG. 1, the battery replacement service is a service that provides a

replacement service for a battery of an electric vehicle. That is, the battery replacement service

6
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may provide a fully charged battery without the time it takes to charge the battery by
immediately changing the battery to a charged battery in order to reduce the waiting time for the

battery charging.

The battery replacement system may include a battery data collection unit 100, an
electric vehicle data collection unit 110, a battery replacement target determination unit 120, a
battery replacement timing determination unit 130, a battery replacement place determination
unit 140, a battery replacement service providing unit 150, a battery management unit 160, and a

processor 170.

The battery data collection unit 100 may be implemented to collect data about a battery
of an electric vehicle. The battery data of the electric vehicle may be periodically transmitted,
and the battery data collection unit 100 may collect the periodically transmitted battery data of
the electric vehicle. The battery data may include battery identifier data and battery state data.
The battery identifier data may be identification data assigned to the battery for managing the

battery, and the battery state data may include data about a current state of charge of the battery.

The electric vehicle data collection unit 110 may be implemented to collect data (e.g.,
driving data) about the electric vehicle. The electric vehicle data may include driving data
related to the driving of the electric vehicle, and the driving data may include various pieces of
data such as a destination to which the electric vehicle intends to move, route information, an

electric vehicle speed, a vehicle driving environment, and the like.

The battery replacement target determination unit 120 may be implemented to determine
a target battery, which is a battery to be replaced, among batteries. The battery to be replaced

among the batteries may be determined based on the battery data and the electric vehicle data.

7
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The battery replacement place determination unit 140 may be implemented to
recommend a place for changing the target battery to a driver. The battery replacement place
determination unit 140 may recommend the place for changing the target battery based on the

battery data and the electric vehicle data.

The battery replacement timing determination unit 130 may be implemented to
recommend a replacement timing of the target battery to the driver. The battery replacement
timing determination unit 130 may recommend the replacement timing of the target battery

based on the battery data and the electric vehicle data.

The battery replacement service providing unit 150 may be implemented to provide a
battery replacement service. The electric vehicle may visit a battery replacement center for a
battery replacement, and the battery replacement service providing unit 150 may be implemented
to provide the battery replacement service to the electric vehicle that visits the battery

replacement center.

The battery management unit 160 may be implemented to manage the battery. The
battery management unit 160 may manage a battery state (or battery value) by managing
information on a battery usage environment, driving data when using the battery, battery

charging data, etc. for each of a plurality of batteries.

The processor 170 may be implemented to control the operations of the battery data
collection unit 100, the electric vehicle data collection unit 110, the battery replacement target

determination unit 120, the battery replacement timing determination unit 130, the battery
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replacement place determination unit 140, the battery replacement service providing unit 150,

and the battery management unit 160.

FIG. 2 is a conceptual diagram illustrating the operation of a battery replacement target

determination unit according to an embodiment of the present invention.

In FIG. 2, a method of determining, by the battery replacement target determination unit,

a target battery to be replaced is disclosed.

Referring to FIG. 2, the battery replacement target determination unit may determine a
target battery, which is a battery to be replaced, among batteries based on battery data and

electric vehicle data.

The battery replacement target determination unit may determine whether the electric
vehicle can arrive at a destination on a route with a charge amount of the battery on the basis of
route data 210 of the electric vehicle included in the electric vehicle data and battery charge
amount data 220 included in the battery data. When the electric vehicle cannot arrive at the
destination with the current charge amount of the battery, the battery may be set as the target

battery.

Further, the battery replacement target determination unit may determine the target
battery based on predicted route data 230 and battery charge amount data 240. The predicted
route data 230 may be used to determine the target battery in consideration of the predicted route
data 230 of the electric vehicle in addition to the destination. Even when the predicted route
data 230 is not directly input, the predicted route data 230 may be generated in consideration of

data about a route along which the electric vehicle has moved in the past. In the case of an

9
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electric vehicle that repeatedly moves on the same or similar route, the predicted route data 230
and a predicted battery usage amount according to the predicted route data 230 may be
determined. The battery replacement target determination unit may set the battery as the target
battery in consideration of the predicted battery usage amount and the battery charge amount
data 240 when the charge amount of the battery falls below a first battery threshold value 250.
The first battery threshold value 250 may be adaptively determined in consideration of a battery

environment, a driving environment, and a vehicle driving habit.

Further, when the route is not predicted, the battery replacement target determination
unit may determine the target battery by setting a second battery threshold value 270. The
second battery threshold value 270 may be determined in consideration of a charge amount at a
time the battery of the electric vehicle has been replaced in the past. That is, the target battery
may be determined based on the second battery threshold value 270 adaptively set for a driver in
consideration of user charging data 260. The second battery threshold value 270 may be
determined in consideration of the battery environment, the driving environment, and the vehicle

driving habit.

FIG. 3 is a conceptual diagram illustrating the operations of a battery replacement place
determination unit and a battery replacement timing determination unit according to an

embodiment of the present invention.

In FIG. 3, a method of providing information on a battery replacement place and

information on a battery replacement timing after determination of a target battery is performed

is disclosed.

10
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Referring to FIG. 3, after the determination of the target battery is performed, a battery
replacement place determination unit 300 may determine a battery replacement place for
changing the target battery, and a battery replacement timing determination unit 320 may

determine a replacement timing of the target battery.

The battery replacement place and the battery replacement timing may be recommended

as a set, and a plurality of sets may be recommended.

For example, battery replacement recommendation #1 (including battery replacement
place #1 and battery replacement timing #1), battery replacement recommendation #2 (including
battery replacement place #2 and battery replacement timing #2), battery replacement
recommendation #3 (including battery replacement place #3 and battery replacement timing #3),
and the like may be recommended, and the user may select one from among the battery
replacement recommendations to perform a battery replacement.

When the user selects a battery replacement recommendation in advance and then visits
a battery replacement center, scheduling for a battery replacement is possible, and thus a

discount on the battery replacement may be provided.

A region located on the route along which the user has driven in the past may be set as

the battery replacement place based on the existing driving data of the user.

The battery replacement timing may be set in consideration of the existing travel time on
the route along which the user has driven in the past, and the fastest timing for changing the
battery may be set as the battery replacement timing based on the existing battery replacement

scheduling data and the existing vehicle battery replacement visit data.

11
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That is, the battery replacement place determination unit 300 and the battery
replacement timing determination unit 320 may recommend the battery replacement place and
the battery replacement timing so that the user can replace the battery of the electric vehicle at

routine travel times on the route the user routinely travels.

FIG. 4 is a conceptual diagram illustrating the operation of a battery replacement service

providing unit according to an embodiment of the present invention.

In FIG. 4, a battery replacement service provided by the battery replacement service

providing unit is disclosed.

Referring to FIG. 4, when the battery replacement service providing unit provides the
battery replacement service, the battery replacement service providing unit may provide the
replacement service based on a current charging state of the battery.

For example, an amount of power that is required for charging at the battery replacement
center when about 1/5 of the current charge amount of the battery remains may be different from
an amount of power that is required for charging at the battery replacement center when about

1/3 of the current charge amount of the battery remains.

Therefore, the battery replacement service providing unit may charge a fee for the
battery replacement service in consideration of a current battery charge amount of a target
battery to be replaced. When about 1/5 of the battery charge amount of the target battery to be
replaced remains, a relatively higher fee for the battery replacement service may be charged than

when about 1/3 of the battery charge amount of the target battery to be replaced remains.

12
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Further, the battery replacement service center may provide a replacement service by
identifying the battery as one of two types (first-type battery 410 and second-type battery 420) of
batteries when changing the battery. The battery replacement service may include a first-type
battery replacement service for changing the first-type battery 410 and a second-type battery

replacement service for changing the second-type battery 420.

The first-type battery 410 is a battery that is replaced without considering the user’s
vehicle battery value, and the second-type battery 420 is a battery that is replaced in
consideration of the user’s vehicle battery value. The user may request replacement of the
battery in consideration of the first-type battery 410 or the second-type battery 420. The user
cannot find the actual initial battery because the user also uses his/her own initial battery for
replacement. However, when the user desires, the replacement service may not be provided,
and a battery of the same value as when the initial battery was continuously used may be
provided again in consideration of the user's driving data, battery usage information, or the like.

Therefore, when the user continues to use the first-type battery 410 and then needs to
sell the vehicle or does not use the battery replacement service for a certain period of time, the
user may request the second-type battery 420, and install the second-type battery 420 in the
electric vehicle to sell the electric vehicle or directly charge and use the second-type battery 420

himself/herself.

When the user requests the second-type battery 420, the battery replacement service
providing unit may determine a change in initial value of the battery of the user in consideration
of the user’s driving data, the battery data, or the like, and may provide the second-type battery
420 in which the change in value of the battery is considered to the user. Therefore, the battery

replacement service providing unit may determine the value of the battery.

13
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The battery replacement service providing unit may interwork with a battery value
determination device to manage a battery value of each of a plurality of batteries to provide the

second-type battery 420 to the user.

Hereinafter, in an embodiment of the present invention, a method of determining a

battery value is disclosed.

FIG. 5 is a conceptual diagram illustrating a battery value determination device

according to an embodiment of the present invention.

In FIG. 5, a battery value determination device for determining a residual value of a
battery is disclosed.

Referring to FIG. 5, the battery value determination device may include a battery data
collection unit 500, a first battery value determination unit 510, a second battery value

determination unit 520, a battery value determination unit 530, and a processor 540.

The battery data collection unit 500 may collect information on a battery, which is a
subject of value determination. The battery information may include information that is a basis
for determining the value of the battery, such as battery identification information, battery usage

information, vehicle driving data, or the like.

The first battery value determination unit 510 may directly determine the value of the
battery through a battery diagnostic test. For example, the first battery value determination unit
510 may perform determination of a state of health (SoH) of the battery, and the SoH may

include information on a charge amount maintained as compared to an initial charge amount.

14
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The first battery value determination unit 510 may generate first battery value data 515 as a

result of the value determination.

The second battery value determination unit 520 may determine the value of the battery
on the basis of vehicle data. For example, the vehicle data is data about a vehicle driven using
the corresponding battery, and may include vehicle identification data, charging history data
(fast/slow charging of the battery, charge amount (full charge and over charge)), battery usage
environment data, vehicle driving data (driving speed, driving mileage, etc.), or the like. The
second battery value determination unit 520 may generate second battery value data 525 as a

result of the value determination.

The battery value determination unit 530 may be implemented to finally determine the
value of the battery on the basis of the first battery value data 515 and the second battery value
data 525. The battery value determination unit 530 may synthesize the first battery value data
515 and the second battery value data 525 to finally determine the value of the battery. A
specific method of determining, by the battery value determination unit, the value of the battery

will be described below.

The processor 540 may be implemented to control the operations of the battery data
collection unit 500, the first battery value determination unit 510, the second battery value

determination unit 520, and the battery value determination unit 530.

FIG. 6 is a conceptual diagram illustrating the operation of a first battery value

determination unit according to an embodiment of the present invention.

In FIG. 6, the operation of the first battery value determination unit is disclosed.

15
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Referring to FIG. 6, the first battery value determination unit may determine a SoH of a

battery through a battery diagnostic test to directly determine the value of the battery.

The first battery value determination unit may include a current capacity-based

determination unit 610 and/or an internal resistance-based determination unit 620.

The current capacity-based determination unit 610 may determine the SoH of the battery
using the current capacity and the internal parameters that change with a constant tendency
during the aging of the battery. Since the capacity of the battery is reduced as the battery ages,
the current capacity-based determination unit 610 may measure the capacity of the battery using
a current integration method during charging and discharging to determine the SoH.

The internal resistance-based determination unit 620 may predict an internal resistance
of the battery using the characteristics of a terminal current generated in the battery when the

electric vehicle is driven to determine the SoH.

The internal resistance-based determination unit 620 may determine the SoH in
consideration that an internal resistance Rs of the battery proportionally increases based on a
battery equivalent circuit model including a resistor-capacitor (RC) ladder as the
charge/discharge number increases. The internal resistance Rs is estimated using a relationship
between a terminal current and a terminal voltage when a discharge current is rapidly generated.
In this case, a change (AV) of the terminal voltage is determined by the internal resistance Rs
contributing to an instantaneous voltage change, and a ladder voltage with a long time constant is
negligible. In order to solve a current integration error and an error caused by the capacity
changed during aging, a fully charged state in which the terminal voltage reaches a maximum

allowable voltage of the battery may be determined as an R estimation time.

16
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A final SoH 650 may be determined based on a first SoH 615 determined by the current
capacity-based determination unit 610 and a second SoH 625 determined by the internal
resistance-based determination unit 620. The first battery value determination unit may

determine first battery value data 660 based on the determined SoH.

The final SoH 650 may be determined by assigning different weights to each of the first

SoH 615 and the second SoH 625.

Different SoH weights wx and wy 640 may be assigned to each of the first SoH 615 and
the second SoH 625 according to a battery identifier and battery information (year of battery,
battery usage environment (e.g., battery cooling environment)). In consideration of a first value
determination result obtained by the first battery value determination unit and a battery value
feedback result 645 for an actual battery value, the weights of the first and second SoHs 615 and
625 may be adaptively adjusted, and the final SoH 650 may be determined based on the

adaptively adjusted first and second SoHs 615 and 625.

FIG. 7 is a conceptual diagram illustrating the operation of a second battery value

determination unit according to an embodiment of the present invention.

In FIG. 7, a method of generating, by the second battery value determination unit,

second battery value data based on vehicle data is disclosed.

Referring to FIG. 7, the second battery value determination unit may perform

determination of the value of a battery on the basis of vehicle identification data 710, charging
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history data 720, battery usage environment data 730, vehicle driving data 740, or the like to

generate second battery value data 750.

The vehicle identification data 710 is data for identifying a vehicle in which the battery
is installed. The vehicle identification data 710 may include information on a type of a vehicle,

a vehicle model name, a vehicle production year, or the like.

The charging history data 720 is a charging history for the battery, and may include data
on whether fast or slow charging is performed, the number of times of charging, the charging

amount during charging, or the like.

The battery usage environment data 730 is data about a usage environment in which the
battery is used, and may include information on an environment (air-cooled type, water-cooled
type, etc.) in which the battery is cooled, information on a temperature at which the battery is

used, or the like.

The vehicle driving data 740 is data regarding the driving of the vehicle, and may
include information on a vehicle driving mileage, a vehicle driving speed, the number of times of

rapid start/rapid acceleration, or the like.

The vehicle identification data 710, the charging history data 720, the battery usage
environment data 730, and the vehicle driving data 740 are examples used for generating, by the
second battery value determination unit, the second battery value data 750, and other various

pieces of data may be used.

18
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The vehicle identification data 710, the charging history data 720, the battery usage
environment data 730, and the vehicle driving data 740 may be expressed as four subordinate
vehicle data coordinate values (a, b, ¢, and d), respectively. The vehicle identification data 710
may be expressed as subordinate vehicle data #1, the charging history data 720 may be expressed
as subordinate vehicle data #2, the battery usage environment data 730 may be expressed as
subordinate vehicle data $3, and the vehicle driving data 740 may be expressed as subordinate

vehicle data #4.

Each of the vehicle identification data 710, the charging history data 720, the battery
usage environment data 730, and the vehicle driving data 740 may be expressed as a single

numerical value in consideration of the similarity of data.

The vehicle identification data 710 may be quantified in consideration of the similarity
of the vehicle. For example, the similarity of the vehicle may be determined in consideration of
the determination of each of the similarity of a model of a vehicle and the similarity of a vehicle

production year.

The charging history data 720 may be quantified in consideration of the similarity of the
charging history. The similarities of data indicating whether fast or slow charging is performed,
data indicating the number of times of charging, and data indicating the charging amount during
charging, which are the subordinate data included in the charging history data 720, may each be

quantified and then synthesized to determine the similarity of the charging history.

The battery usage environment data 730 may be quantified in consideration of the
similarity of the usage environment of the battery. The similarity of the cooling environment of

the battery and the similarity of the temperature at which the battery is used may each be

19
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quantified and then synthesized to determine the similarity of the usage environment of the

battery.

The vehicle driving data 740 may be quantified in consideration of the similarity of the
vehicle driving. The similarity of the driving mileage of the vehicle, the similarity of the
driving speed of the vehicle and the similarity of the number of times of rapid start/rapid
acceleration may each be quantified and then synthesized to determine the similarity of the

vehicle driving.

Vehicle identification data, charging history data, battery usage environment data, and
vehicle driving data of each of a plurality of vehicles may be expressed as four subordinate
vehicle data coordinate values (a, b, ¢, and d) serving as subordinate vehicle data on a four-
dimensional second battery value determination plane.

The plurality of vehicle data coordinate values may be clustered to form a first cluster

set (including a first cluster #1 to a first cluster #n) 715.

In the present invention, the four subordinate vehicle data coordinate values may be
grouped to form different clusters. For example, the vehicle identification data 710 and the
charging history data 720 may form one subordinate vehicle data group #1, and the charging
history data 730 and the battery usage environment data 740 may form one subordinate vehicle

data group #2.

The subordinate vehicle data group #1 and the subordinate vehicle data group #2 may be
expressed as vehicle data coordinate values (a, b) on a two-dimensional second battery value
determination plane in consideration of the similarity in the same manner. The vehicle data

coordinate values corresponding to the subordinate vehicle data group #1 and the subordinate

20
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vehicle data group #2 may be clustered to form a second cluster set (including a second cluster

#1 to a second cluster #n) 725.

In this way, the first cluster set 715 to an n" cluster set may be formed based on a
combination of various pieces of the subordinate vehicle data, and the first cluster set 715 to the
n™ cluster set may be used to generate the second battery value data 750 by determining only
some clusters among the first cluster set to the n'" cluster set as valid cluster sets in consideration

of a value determination result and a feedback result for an actual battery value.

FIG. 8 is a conceptual diagram illustrating the operation of a second battery value
determination unit according to an embodiment of the present invention.

In FIG. 8, a method of generating, by the second battery value determination unit,
second battery value data by adaptively adjusting vehicle data based on feedback data is

disclosed.

Referring to FIG. 8, a weight for each of vehicle identification data, charging history
data, battery usage environment data, and vehicle driving data, which are subordinate vehicle

data, may be adjusted.

For more accurate prediction, weights w1, w2, w3, and wa respectively serving as weights
for the vehicle identification data, the charging history data, the battery usage environment data,
and the vehicle driving data may be adjusted based on a second value determination result
obtained by the second battery value determination unit and a feedback result for an actual
battery value. The weights w1, w2, w3, and w4 may be called “subordinate vehicle data weights

480.”
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First, cluster-based prediction may be performed based on the same weight, and the set
values of the weights wi, wa, w3, and w4 in which an error between the value determination

result and the actual battery value is minimized may be determined based on the feedback result.

A scale of a coordinate axis on the second battery value determination plane may be
changed according to the values of the weights wi, w2, w3, and ws4. The scale of the coordinate
axis on the second battery value determination plane may be adjusted so that the higher the

weight, the closer to each other.

Such scale adjustment may be performed in units of the above-described cluster sets (the
first cluster set to the n'" cluster set).

The value determination result and a battery value feedback result 820 for the actual
battery value may be obtained through continuous checking of the use of the battery, and as data
on the use of the battery is accumulated, the weights wi, w2, w3, and w4 may be optimally set to

generate more accurate second battery value data 850.

FIG. 9 is a conceptual diagram illustrating the operation of a battery value determination

unit according to an embodiment of the present invention.

In FIG. 9, a method of finally determining, by the battery value determination unit, the
value of the battery on the basis of the determination result of each of the first battery value

determination unit and the second battery value determination unit is disclosed.

Referring to FIG. 9, the first battery value determination unit may determine first battery
value data 910, and the second battery value determination unit may determine second battery

value data 920.

22



The battery value determination unit may determine battery value data on the basis of

the first battery value data 910 and the second battery value data 920.

5 The battery value data may be determined based on the first battery value data 910 and
the second battery value data 920, and may be determined by applying the weights wa and wy to

the first battery value data 910 and the second battery value data 920, respectively.

The weights w, and w, may be called “battery value data weights 930.”

10

The battery value data weights 930 may be determined in consideration of the value

determination result and the feedback result for the actual battery value.

The battery value determination unit according to the embodiment of the present

15  invention may adjust the weights in the following order.

1) Adjustment of weights w1, w2, w3, and was of the subordinate vehicle data
2) Adjustment of a weight wy, of the second battery value data
3) Adjustment of weights wx and wy of a SoH

20 4) Adjustment of a weight w, of the first battery value data

1) and 2) may be weight adjustments based on data, and 3) and 4) may be weight
adjustments based on physical and/or chemical principles. The weight adjustments based on

data may have a relatively large change range, and the weight adjustments based on physical

25  and/or chemical principles may have a relatively small change range.
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Therefore, by first performing the weight adjustments based on the data and then
performing the weight adjustments based on the physical and/or chemical principles, more

accurate battery value data may be determined.

The embodiments of the present invention described above may be implemented in the
form of program instructions that can be executed through various computer units and recorded
on computer readable media. The computer readable media may include program instructions,
data files, data structures, or combinations thereof. The program instructions recorded on the
computer readable media may be specially designed and prepared for the embodiments of the
present invention or may be available instructions well known to those skilled in the field of
computer software. Examples of the computer readable media include magnetic media such as
a hard disk, a floppy disk, and a magnetic tape, optical media such as a compact disc read only
memory (CD-ROM) and a digital video disc (DVD), magneto-optical media such as a floptical
disk, and a hardware device, such as a ROM, a RAM, or a flash memory, that is specially made
to store and execute the program instructions. Examples of the program instruction include
machine code generated by a compiler and high-level language code that can be executed in a
computer using an interpreter and the like. The hardware device may be configured as at least
one software module in order to perform operations of embodiments of the present invention and

vice versa.

While the present invention has been described with reference to specific details such as
detailed components, specific embodiments and drawings, these are only examples to facilitate
overall understanding of the present invention and the present invention is not limited thereto.
It will be understood by those skilled in the art that various modifications and alterations may be

made.
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Therefore, the spirit and scope of the present invention are defined not by the detailed
description of the present invention but by the appended claims, and encompass all modifications

and equivalents that fall within the scope of the appended claims.
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WHAT IS CLAIMED IS:

1. A method of providing a battery replacement service, the method comprising:

collecting, by a battery data collection unit, data about a battery;

collecting, by an electric vehicle data collection unit, data about an electric vehicle;

determining, by a battery replacement target determination unit, a target battery to be
replaced among batteries;

determining, by a battery replacement timing determination unit, a replacement timing
of the target battery;

determining, by a battery replacement place determination unit, a replacement place of
the target battery; and

providing, by a battery replacement service providing unit, a replacement service for the

target battery.

2. The method of claim 1, wherein the determining of the target battery includes:

determining, by the battery replacement target determination unit, the target battery
based on route data and battery charge amount data;

determining, by the battery replacement target determination unit, the target battery
based on predicted route data, the battery charge amount data, and a first battery threshold value;
and

determining, by the battery replacement target determination unit, the target battery
based on user charging data and a second battery threshold value,

wherein the first battery threshold value is determined in consideration of a battery
environment, a driving environment, and a vehicle driving habit, and

the second battery threshold value is determined in consideration of a charge amount at a

time when the battery of the electric vehicle has been replaced in the past.
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3. The method of claim 2, wherein:
the battery replacement service providing unit provides a first-type battery replacement
service and a second-type battery replacement service;
5 the first-type battery replacement service is a replacement service for a first-type battery
in which a user’s initial battery value is not considered; and
the second-type battery replacement service is a replacement service for a second-type

battery in which a change in the user’s initial battery value is considered.

10 4. A battery replacement system comprising:
a battery data collection unit configured to collect data about a battery;
an electric vehicle data collection unit configured to collect data about an electric
vehicle;
a battery replacement target determination unit configured to determine a target battery
15  to be replaced among batteries;
a battery replacement timing determination unit configured to determine a replacement
timing of the target battery;
a battery replacement place determination unit configured to determine a replacement
place of the target battery; and
20 a battery replacement service providing unit configured to provide a replacement service

for the target battery.

5. The battery replacement system of claim 4, wherein:
the battery replacement target determination unit is configured to determine the target

25  battery based on route data and battery charge amount data, determine the target battery based on
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predicted route data, the battery charge amount data, and a first battery threshold value, and
determine the target battery based on user charging data and a second battery threshold value;

the first battery threshold value is determined in consideration of a battery environment,
a driving environment, and a vehicle driving habit; and

the second battery threshold value is determined in consideration of a charge amount at a

time when the battery of the electric vehicle has been replaced in the past.

6. The battery replacement system of claim 5, wherein:

the battery replacement service providing unit provides a first-type battery replacement
service and a second-type battery replacement service;

the first-type battery replacement service is a replacement service for a first-type battery
in which a user’s initial battery value is not considered; and

the second-type battery replacement service is a replacement service for a second-type

battery in which a change in the user’s initial battery value is considered.
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