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current; and open circuit Voltage (OCV) of the battery. The
MCU receives the detected temperature; current; and OCV;
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lates an OCV error range corresponding to an SOC error
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BATTERY MANAGEMENT SYSTEM AND
DRIVING METHOD THEREOF

represent or suggest that such information constitutes prior
art that is already knoWn in this country to a person of

ordinary skill in the art.
CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001]

This application claims the bene?t of Korean

Application No. 2006-76148, ?led Aug. 11, 2006, in the

SUMMARY OF THE INVENTION

[0011] Aspects of the present invention have been made to
provide a battery management system and a driving method

BACKGROUND OF THE INVENTION

thereof. According to an embodiment of the present inven
tion, there is provided a BMS for a hybrid vehicle including
an engine control unit and a motor generator controlled by
the engine control unit and a battery in Which a plurality of
battery cells are grouped into at least one battery pack,

1. Field of the Invention
Aspects of the present invention relate to a battery

circuit voltage (OCV) of the battery in a key-on state, and an
MCU that receives the temperature, current, and OCV data

management system. More particularly, aspects of the

from the sensor, calculates a key-olf time period Which is a
time period that a battery has been in a key-olf state from a

Korean Intellectual Property Of?ce, the disclosure of Which

is incorporated herein by reference.

including a sensor that senses temperature, current, and open

[0002]
[0003]

present invention relates to a battery management system
(“BMS”) that can be used in an electric vehicle using
electrical energy, and a driving method thereof.
[0004] 2. Description of the Related Art
[0005] A vehicle using an internal combustion engine
using gasoline or diesel as a main fuel tends to create

environmental pollution such as air pollution. Accordingly,
in order to reduce pollution, great efforts have recently been
made to develop electric vehicles and hybrid vehicles.
[0006]

An electric vehicle is a vehicle that uses electrical

energy from a battery pack, typically including a plurality of
rechargeable battery cells that can be charged and dis
charged many times. Electric vehicles do not emit noxious
exhaust gas and are almost noiseless since they are mainly

poWered by the battery pack.
[0007]

A hybrid vehicle is a vehicle that is con?gured to

operate With tWo or more kinds of poWer sources such as an

internal combustion engine and a battery poWered engine.
Currently, hybrid vehicles are being developed that use an
internal combustion engine and a fuel cell that directly
obtains electrical energy by a chemical reaction betWeen
hydrogen and oxygen and that stores the electrical energy in

a battery pack.
[0008] The number of rechargeable battery cells in an
electric vehicle using a battery poWered engine is currently
increasing, and therefore, vehicles need a battery manage
ment system (BMS) to provide a cell balancing control
method in order to effectively manage a plurality of battery
cells connected to each other.

[0009] In particular, the state of charge (“SOC”) of a
battery is determined by detecting an open circuit voltage
(“OCV”) in a key-on state and an initial SOC is inferred
using a table relating SOCs to OCVs based on temperature.

HoWever, since the conventional initial SOC inferring
method is carried out Without considering factors such as the
amount of time that a battery Was in a key-olf state before
the subsequent key-on time point, an OCV error range

caused by temperature, and an OCV detected in the key-on

key-olf time point and a difference betWeen temperatures of
the battery detected at the start of respective key-olf states
and key-on states, calculates an OCV error range corre

sponding to an SOC error range of the key-olf time period,
and infers an initial SOC of the battery at the key-on time

point.
[0012] The MCU may take the SOC at the key-olf time
point to be the initial SOC such as When the key-olf time
period is shorter than a reference time period. The MCU may
receive data on temperatures of the battery detected at

respective key-olf and key-on time points and an OCV at the
key-on time point, calculate an OCV error range correspond
ing to the SOC error range at the key-olf time point in the
case that the key-olf time period is longer than the reference
time period, and then infer the initial SOC using an OCV
table that relates SOCs and OCVs based on temperature

When the OCV at the key-on time point is a voltage that is
not Within the OCV error range corresponding to the SOC

error range of the key-olf time point. The MCU may
determine the initial SOC to be the SOC at the key-olf time
point When OCV at the key-on time point is a voltage in the
OCV error range corresponding to the SOC error range of

the key-olf time point and When a difference betWeen

temperatures of the battery detected at the respective key-on
time point and key-olf time point is smaller than the refer
ence temperature value. HoWever, the MCU may infer the
initial SOC using an OCV table that relates SOCs and OVCs
based on temperature When an OCV at the key-on time point
is a voltage in the OCV error range corresponding to the
SOC error range at the key-oif time point, and a difference

betWeen temperatures of the battery detected at respective
key-on time point and key-olf time point is greater than the
reference temperature. The reference time period is a pre
determined time period representing an amount of time that

elapses from a key-on point until the OCV of the key-on
state is stabiliZed. The reference temperature value is a

predetermined temperature value that is determined based

state as Well as a temperature and an OVC detected in the

on a temperature history of temperature differences of the
battery detected at a key-on time point and a key-olf time

key-olf state, but simply uses an OCV table relating SOCs

point.

and OVCs based on temperature, the conventional method

[0013] According to a further aspect of the present inven
tion, there is provided a hybrid vehicle comprising an engine
control unit; a motor generator controlled by the engine

may be inaccurate in inferring the precise initial SOC upon
the start of the key-on state.
[0010] The above information disclosed in this Back
ground section is provided for enhancement of understand
ing of the background of various aspects of the invention.
The discussion of such information is not intended to

control unit, and a battery connected to the motor generator
and comprising a plurality of battery cells grouped into a

plurality of battery packs; and the battery management
system.
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[0014] According to a further aspect of the present inven
tion, there is provided a method of determining an initial
state of charge (SOC) of a battery of a hybrid vehicle at a

an initial state of charge (SOC) includes inferring the initial
SOC using the OCV table that relates SOCs and OCVs
based on temperature if the OCV at the key-on time point is

key-on time point following a key-off time period, the
key-off time period beginning With a key-off time point and
ending With the key-on time point, the method comprising:
comparing the key-off time period With a reference time
period, Wherein if the key-off time period is less than the

a voltage that is not Within the OCV error range correspond
ing to the SOC error range at the key-off time point. The
SOC of the key-off status is assumed to be the initial SOC
of the battery When the OCV at the key-on time point is a
voltage Within the OCV error range corresponding to the
SOC error range detected at the key-off time point, and When
a difference betWeen temperatures of the battery detected at

reference time period, the initial SOC is determined to be the

SOC at the key-off time point, and if the key-off time period
is not less than the reference time period, determining
Whether an open circuit voltage (OCV) detected at the
key-on time point is a voltage Within the OCV error range
corresponding to the SOC error range detected at the key-off

time point, Wherein, if the OCV detected at the key-on time
point is not a voltage Within an OCV error range corre

sponding to an SOC error range detected at the key-off time
point, the initial SOC is determined according to an OCV

and temperature of the battery at the key-on time point from
a table that relates SOCs to OCVs based on temperature, and

if OCV detected at the key-on time point is a voltage Within
an OCV error range corresponding to an SOC error range

detected at the key-off time point, determining Whether an
absolute value of a difference betWeen temperatures of the

battery detected at the key-on time point and the key-off time
point is greater than a reference temperature value, Wherein
if the difference betWeen temperatures detected at the key-on

time point and the key-off time point is greater than the
reference temperature, the initial SOC is determined accord

the key-on time point and the key-off time point is less than
a reference temperature value. The initial SOC is inferred
using an OCV table that relates SOCs and OCVs based on
temperature When an OCV at the key-on time point is a

voltage Within the OCV error range corresponding to the
SOC error range detected at the key-off time point and When
a difference betWeen temperatures detected at the key-on

time point and the key-off time point is greater than the
reference temperature value. The reference time period is a
time period that elapses While the OCV at a key-on time
point is stabiliZed. The reference temperature is a predeter
mined temperature value that is determined based on a

temperature history of temperature differences of the battery
detected at a key-on time point and a key-off time point.
[0016] Additional aspects and/or advantages of the inven
tion Will be set forth in part in the description Which folloWs
and, in part, Will be obvious from the description, or may be

learned by practice of the invention.

ing to an OCV and temperature at the key-on time point from

BRIEF DESCRIPTION OF THE DRAWINGS

a table that relates SOCs to OCVs based on temperature and

[0017] These and/or other aspects and advantages of the
invention Will become apparent and more readily appreci

Wherein, if the difference betWeen temperatures detected at

the key-on time point and the key-off time point is not
greater than the reference temperature, the initial SOC is
determined to be the SOC at the key-off time point.
[0015] According to a further aspect of the present inven
tion, there is provided a driving method of a BMS for a
hybrid vehicle including an engine control unit and a motor
generator controlled by the engine control unit and con
nected to a battery in Which a plurality of battery cells are

grouped into at least one battery pack, including comparing
a key-off time period of the battery With a reference time
period, determining Whether an OCV of the key-on time

ated from the folloWing description of the embodiments,
taken in conjunction With the accompanying draWings of
Which:
[0018] FIG. 1 is a schematic diagram illustrating a battery,
a BMS, and peripheral devices of the BMS according to an

embodiment of the present invention;
[0019] FIG. 2 is a schematic vieW illustrating an MCU of
the BMS of FIG. 1; and
[0020] FIG. 3 is a How chart shoWing a method of calcu
lating an initial SOC carried out by the MCU according to
an embodiment of the present invention.

point is a voltage Within an OCV error range corresponding
to an SOC error range of the key-off time point, comparing
a difference betWeen temperatures of the battery detected

respectively at the key-on and key-off time points With a
reference temperature value, and determining an initial state
of charge (SOC) as the result of the comparing of the key-off

time period With the reference time period, determining
Whether the OCV detected at the key-on time point is a
voltage Within the OCV error range corresponding to an
SOC error range detected at the key-off time point and
comparing a difference betWeen temperatures detected at the

key-on time point and the key-off time point With the
reference temperature value. The SOC detected at the key
oif time point is assumed to be the initial SOC When the

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0021]

Reference Will noW be made in detail to the present

embodiments of the present invention, examples of Which
are illustrated in the accompanying draWings, Wherein like
reference numerals refer to the like elements throughout.
The embodiments are described beloW in order to explain

the present invention by referring to the ?gures.
[0022] Aspects of the present invention provide a battery
management system (BMS) and a driving method thereof.
The BMS is capable of precisely assuming an initial SOC by
considering a key-off time period betWeen a time point that

key-off time period is shorter than the reference time period.

a key-on state ends and a time point that a next key-on state

A main control unit of the BMS receives temperatures

begins, and battery states at respective key-off and key-on
time points.
[0023] In the folloWing detailed description, only certain

detected at the key-on time point and the key-off time point,
respectively, and an OCV error range at the key-on time
point, and detects the OCV error range corresponding to an
SOC error range at a key-off time point if the key-off time

period is longer than the reference time period. Determining

embodiments of the present invention have been shoWn and

described, simply by Way of illustration. As Would be
realiZed by persons skilled in the art, the described embodi
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ments may be modi?ed in various different Ways, all Without

balancing unit 40, a communication unit 60, a protective

departing from the spirit or scope of the present invention.
Accordingly, the drawings and description are to be regarded

circuit unit 70, a poWer-on reset unit 80, and an external
interface unit 90.
[0033] The sensor 10 detects the overall current of the

as illustrative in nature and not restrictive.

[0024]

Throughout the speci?cation, the term “connected”

refers not only to devices that are directly connected but also
refers to devices that are electrically connected via a third

device or object. Further, When it is stated that a certain part
includes a certain constituent element, it must not be con
strued in a manner such that the certain part excludes other

constituent elements other than the certain constituent ele
ment, but it is to be construed in a manner such that the

certain part may further include constituent elements other
than the certain constituent element, insofar as there is no

particular statement to the contrary.
[0025] FIG. 1 schematically illustrates a battery, a BMS,
and peripheral devices of the BMS according to an embodi
ment of the present invention.
[0026] As shoWn in FIG. 1, a vehicle includes a BMS 1,

battery pack (hereinafter referred to as the “pack current”),
the overall voltage of the battery pack (hereinafter referred
to as the “pack voltage”), the pack temperature, and the cell
peripheral temperature, and then transmits the detected data
to the MCU 20.

[0034]

The MCU 20 infers the state of charge (SOC) of the

battery 2 based on the battery pack current, the battery pack
voltage, the cell voltage of each battery cell, the cell tem
perature of each battery cell, and the cell peripheral tem
perature, and generates a signal that shoWs the state of the
battery 2. The MCU 20 accesses a key-off time point and a

key-on time point if a key-on status in Which a starting signal
is given is detected, and calculates a key-olf time period,
Which is referred to as the time period from When a key-on
state ends to When a next key-on state begins. In other

Words, the MCU 20 determines hoW long a key-olf period

a battery 2, a current sensor 3, a cooling fan 4, a fuse 5, a

has lasted. The MCU 20 then compares the calculated

main sWitch 6, an engine control unit (ECU) 7, an inverter

key-olf time period and the reference time period, and infers

8, and a motor generator 9.

an initial SOC in response to the comparison result. For
example, the SOC inference method may use a ?rst method

[0027] The battery 2 includes a plurality of sub-packs 2a
through 2h, each containing a plurality of battery cells
coupled in series, an output terminal 2_OUT1, and a safety
sWitch installed betWeen the sub-pack 2d and the sub-pack
2e. Eight sub-packs, 2a through 2h, are shoWn in FIG. 1, but
the number of sub-packs is not limited to eight and can be
greater or less than that number. The safety sWitch 2_SW
installed betWeen the sub-packs 2d and 2e can be replaced
With a battery, or may be a sWitch that can be manually
turned on and off for the safety of an operator Working on the

battery cells. Further, even though the BMS according to
FIG. 1 includes the safety sWitch 2_SW installed betWeen
the sub-packs 2d and 2e, the location of the safety sWitch
2_SW is not limited thereto. The output terminal 2_OUT1
and the output terminal 2_OUT2 are connected to an
inverter 8.
[0028] The current sensor 3 detects output current from
the battery 2 and transmits the detected data to a sensor 10
of the BMS 1. In more detail, the current sensor 3 may be
a hall current transformer that detects current using a hall

device and outputs an analog current signal corresponding to
the detected current.

[0029]

The cooling fan 4 reduces heat that can be gener

ated during the charge and discharge operations of the
battery 2, Which are carried out in response to the control

signal. The cooling fan keeps the battery 2 from deteriorat
ing in terms of charge and discharge ef?ciency due to an
increase in temperature.
[0030] The fuse 5 prevents an overcurrent, Which can be
caused due to breaking of a Wire or a short-circuit, from
?oWing to the battery 2. That is, if an overcurrent occurs, the
fuses is bloWn to intercept the overcurrent so that it cannot

in Which the SOC at the key-olf time point is assumed to be
the initial SOC, and a second method in Which the initial
SOC is assumed using an OCV-to-SOC table that relates
SOCs and OCVs based on temperature. Further, the MCU

20 receives the temperature of the battery pack, the current,
and the OCV detected at the key-on time point and the
temperature and the SOC detected at the key-olf time point.
Next, the MCU 20 calculates an OCV error range, Which

corresponds to an SOC error range at the key-off time point.
Next, the MCU 20 compares the OCV of the key-on time
point and the OCV error range corresponding to the SOC
error range of the key-off time point. If the comparison result
shoWs that the OCV of the key-on time point is not a voltage
Within the OCV error range corresponding to the SOC error

range of the key-olf time point, the MCU 20 takes the initial
SOC using the OCV table that relates SOCs and OCVs
based on temperature. If the comparison result shoWs that
the OCV of the key-on time point is a voltage Within the
OCV error range corresponding to the SOC error range of

the key-olf time point, the MCU 20 calculates a difference

betWeen temperatures at respective key-on and key-olf time
points, and then further compares the absolute value of the
difference of the temperatures and a reference temperature
value. Then, the MCU 20 determines the initial SOC based
on the comparison result. Accordingly, the MCU 20 takes
the SOC of the key-olf time point as the initial SOC When
the key-olf time period is short, or if the OCV of the key-on
time point is a voltage Within the OCV error range corre

The BMS 1 includes the sensor 10, a main control

sponding to the SOC error range of the key-olf time point
and the difference betWeen temperatures of the key-olf time
point and the key-on time point is less than the reference
temperature value.
[0035] The internal poWer supply unit 30 is a device that
supplies poWer to the BMS 1 using an auxiliary battery. The
cell balancing unit 40 balances the charging state of each
battery cell. That is, the call balancing unit 40 can discharge
battery cells that are in a relatively high charge state, and can
charge battery cells that are in the relatively loW charge state.
A storage unit 50 stores current data relating to the battery

unit (MCU) 20, an internal poWer supply unit 30, a cell

such as the SOC and state of health (“SOH”) detected When

How to the battery 2.
[0031] The main sWitch 6 turns the battery 2 on and off in
response to a control signal from the BMS 1 or the ECU 7
of the vehicle upon occurrence of an abnormal status such
as, for example, an over-voltage, an over-current, or an

abnormally high temperature.
[0032]
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the BMS 1 is powered off. The storage unit 50 may include
a non-volatile storage device such as an EEPROM in Which

[0040] Hereinafter, a method of assuming an initial SOC
Will be described With reference to FIG. 2 and FIG. 3.

data can be electrically erased and recorded. The commu
nication unit 60 communicates With the ECU 7 of the
vehicle. That is, the communication unit 60 transmits the
data containing the SOC and SOH from the BMS 1 to the
ECU 7, receives information about the status of the vehicle
from the ECU 7, and transmits the information to the MCU

Herein, the term “key-off time period” refers to an elapsed
time until a subsequent key-on state begins after a previous
key-on state ends, and the term “reference time period”

20. The protective circuit unit 70 protects the battery 2 from

refers to a predetermined temperature difference that is

external impact, over-current, and loW voltage using ?rm

compared With the difference betWeen temperatures detected
at key-on and key-olf time points in determining an initial

Ware. The poWer-on reset unit 80 resets the entire system

When the BMS 1 is poWered on. The external interface unit
90 serves to connect auxiliary devices such as the cooling
fan 4 and the main sWitch 6 to the MCU 20. While only the
cooling fan 4 and the main sWitch 6 are shoWn as auxiliary
devices connected to the MCU 20 by the internal interface
unit 90, it is to be understood that other auxiliary devices
may be connected to the MCU 20 by the internal interface
unit 90.

refers to an amount of time that elapses until the OCV is
stabiliZed from the beginning of a key-on state.

[0041]

Further, the term “reference temperature value”

SOC. The reference temperature value may be determined
based on a temperature history of temperatures at previous

key-on and key-olf points of the battery. As discussed more
fully beloW, the SOC of the key-olf time point is taken as the
initial SOC if the difference betWeen temperatures detected

at key-on and key-olf time points; otherWise, more calcula

The ECU 7 determines the present driving status of

tions are performed.
[0042] The term “OCV table that relates SOCs and OCVs
based on temperature” refers to stored data in Which SOC

the vehicle based on information such as accelerator, brake,

values are related to OCV values. The stored data accounts

[0036]

and current driving speed, and determines necessary infor

for changes in the relationship betWeen SOC values and

mation such as torque. In more detail, examples of the
present driving status information of a vehicle include the

OCV values at different temperatures.
[0043] The maximum value Vmax and the minimum value
Vmin of the OCV error range corresponding to the SOC
error range on the key-olf time period is determined based
on the sensing output of the voltage detector of the BMS 1.

key-on state for starting of the vehicle, the key-oif state for
turning off the vehicle, controlled driving, and acceleration
driving. The ECU 7 transmits the current vehicle driving
status information to the communication unit 60 of the BMS
1. The ECU 7 controls the vehicle in a manner such that the

output of the motor generator 9 matches the torque infor
mation. In more detail, the ECU 7 controls the sWitching of
the inverter 8 so that the output of the motor generator 9
matches the torque information. Further, the ECU 7 receives
the SOC of the battery 2 from the MCU 20 via the com
munication unit 60 of the BMS 1, and controls the SOC of
the battery 2 so that the SOC is a predetermined percentage,
such as 55%, for example, of a target value. For example, if
the SOC transmitted from the MCU 20 is not greater than the

predetermined percentage of the target value, the MCU 7
controls the sWitching of the inverter 8 in a manner such that

poWer is outputted toWard the battery 2 so that the battery 2

is charged. At this time, the pack voltage Ip becomes a
negative value. On the other hand, if the SOC is greater than
the predetermined percentage of the target value, the inverter
8 is sWitched in a manner such that poWer is outputted
toWard the motor generator 9 so that the battery 2 is

discharged. At this time, the pack current Ip becomes a

positive value.
[0037]

In this Way, the inverter 8 is sWitched in response

to a control signal from the ECU 7 so as to charge or

discharge the battery 2.
[0038]

The motor generator 9 drives the vehicle based on

the torque information from the ECU 7 using electrical
energy of the battery 2.
[0039] In summary, the ECU 7 charges or discharges the
battery 2 based on the SOC by the amount of poWer that can

be charged and discharged, thereby preventing the battery 2
from being over-charged or over-discharged. Accordingly,
the battery 2 can be used effectively over a long lifespan.
HoWever, since it is dif?cult to detect actual SOC after the
battery 2 is mounted in a vehicle, the BMS 1 must accurately

The MCU 20 does not assume a neW initial SOC When the

detected OCV voltage is Within the OCV error range, but
rather the MOC 20 relies on the SOC of the key-olf time

point and takes the SOC of the key-oif time point as the
initial SOC.

[0044]

FIG. 2 is a schematic diagram illustrating the MCU

20 of the BMS 1 of FIG. 1.
[0045] As shoWn in FIG. 2, the MCU 20 includes a timer
210, a controller 220, an SOC inference unit 230, and a data

storage unit 240.
[0046] The timer 210 is controlled by the controller 220.
The timer 210 detects key-on and key-off time points and
transmits the detected data to the data storage unit 240.
[0047] The controller 220 controls the timer 210, the SOC
inference unit 230, and the data storage unit 240 When the
key-on state in Which starting is initiated is detected. At this
time, the controller 220 receives data of the key-on time

point and the key-olf time point from the data storage unit
240. Then, the controller calculates the key-olf time period,
Which is the time period from a previous key-olf time point
to the subsequent key-on time point. In other Words, the
key-olf time period refers to the amount of time that the
battery had been in a key-oif state before it is turned on to
be in a key-on state. The controller 220 compares the

calculated key-oif time period With the reference time
period. If the key-olf time period is shorter than the reference
time period, the controller 220 assumes the SOC at the

key-olf time point to be the initial SOC, and then transmits
the key-olf SOC to the SOC inference unit 230. HoWever, if
the key-olf time period is longer than the reference time
period, the controller 220 receives the temperature and OCV
detected at the key-on time point. The controller 220 then
receives a temperature and an SOC of the key-olf time point
from the data storage unit 240. Next, the controller 220

infer the SOC using the pack voltage, the pack temperature,

determines an error range of the OCV corresponding to an

and the cell temperature as detected by the sensor 10, and
transmit the inferred SOC to the ECU 7.

error range of the SOC at the key-olf time point. Then, the
controller 220 compares the OCV of the key-on time point
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and the OCV error range corresponding to the SOC error

[0053]

range of the key-off time point. If the OCV of the key-on

on time point and the OCV error range corresponding to the

time point is not a voltage Within the OCV error range
corresponding to the SOC error range of the key-off time
point, the controller 220 infers the initial SOC using an OCV
table that relates SOCs and OCVs based on temperature and
transmits the inferred initial SOC to the SOC inference unit

SOC error range of the key-off time point (S500). In S500,
if the OCV of the key-on time point is not a voltage Within

230. However, if the OCV of the key-on time point is Within
the OCV error range corresponding to the SOC error range

of the key-off time point, the controller 220 calculates a
difference betWeen temperatures detected at the key-on time

point and the key-off time point, and then compares the
absolute value of the temperature difference With a reference

temperature value. At this time, if the absolute value of the
temperature difference is less than the reference temperature
value, the controller 220 takes the SOC of the key-off time
point as the initial SOC, and transmits it to the SOC
inference unit 230. However, if the absolute value of the
temperature difference of temperatures detected on the key
on time point and the key-off time point is greater than the
reference temperature, the controller 220 infers the initial
SOC using the OCV table that relates SOCs and OCVs
based on each temperature, and then transmits the inferred
initial SOC to the SOC inference unit 230.
[0048] The SOC inference unit 230 receives the initial
SOC from the controller 220. The SOC inference unit 230
further receives current from a sensor 10. The SOC infer

ence unit 230 infers the SOC through a current integration

method in Which an initial value is determined by the
transmitted initial SOC and the transmitted current is accu

mulated to the initial value., HoWever, the inferring of the
SOC is not limited to the current integration method and the
SOC inference unit 230 can infer an SOC through other
methods.

[0049]

The data storage unit 240 is controlled by the

controller 220 and stores battery state information of the

key-on and key-off states. That is, the data storage unit 240
stores the key-on and key-off time points, the temperatures

The controller 220 compares the OCV of the key

the OCV error range corresponding to the SOC error range

of the key-off time point, the controller 220 infers an initial
SOC using an OCV table that relates SOCs and OCVs based
on temperature, and then transmits the inferred initial SOC
to the SOC inference unit 230 (S800). On the other hand, if
the OCV of the key-on time point is a voltage Within the
OCV error range corresponding to the SOC error range of

the key-off time point, the controller 220 calculates a dif
ference betWeen temperatures detected at a key-on time
point and a key-off time point, and compares the absolute
value of the difference of the temperatures and the reference

temperature value (S600).
[0054] In S600, if the absolute value of the temperature
difference is less than the reference temperature value, the
controller 220 assumes the SOC of the key-off time point as
the initial SOC, and then transmits the initial SOC to the
SOC inference unit 230 (S700). On the other hand, if the
absolute value of the temperature difference is not less than
the reference temperature value, the controller 220 infers the
initial SOC using the OCV table that relates SOCs and
OCVs based on temperature, and transmits the initial SOC
to the SOC inference unit 230 (S800).
[0055] As described above, in a EMS and a driving

method thereof according to the embodiment of the present
invention, if the key-off time period is shorter than the
reference time period, the SOC detected at the key-off time
point has relevance and is inferred as the initial SOC value.

Further, if the OCV of the key-on time point is a voltage
Within the OCV error range corresponding to the SOC error

range of the key-off time point, and the absolute value of the
difference of temperatures detected respectively at a key-on
time point and a key-off time point is less than the reference
temperature value, the SOC of the battery at the key-off time

detected at key-off time points, and the OCV error range
corresponding to the SOC error range of the key-off time

point has relevance and is inferred as the initial SOC value.

point.

invention can improve the accuracy of an inferred initial

That is, the BMS according to aspects of the present

FIG. 3 is a How chart illustrating a method of

SOC in comparison With the conventional method using an

inferring the initial SOC carried out by the MCU 20 accord
ing to an embodiment of the present invention.
[0051] First, the MCU 20 of the BMS 1 determines
Whether a key-on state is detected (S100). If a key-on state
is not detected, S100 is repeated again. If the key-on state is

OCV table that relates SOCs and OCVs based on tempera
ture since the initial SOC is inferred based on the current

[0050]

detected, the controller 220 receives the key-on and key-off
time points from the data storage unit 240, calculates the
key-off time period, and then compares the calculated key
olf time period With the reference time period (S200).
[0052] If the key-off time period is shorter than the refer
ence time period, the controller 200 assumes the SOC

state of the battery according to aspects of the present
invention.

[0056] As described above, the EMS and the driving
method thereof according to the embodiment of the present
invention infers the initial SOC based on a result of com

parison of the key-off time period With the reference time
period When a key-on state starts, or based on a result of

comparison of the temperature and OCV detected at the
key-on time point With the temperature and the OCV error

detected at the key-off time point as an initial SOC, and than
transmits it to the SOC inference unit 230 (S700). In S200,
if the key-off time period is not shorter than the reference
time period, the data storage unit 240 transmits the tempera
ture and the SOC detected at the key-off time point to the
controller 220 (S300). The sensor 10 transmits the tempera
ture and the OCV detected at the key-on time point to the
controller 220 (S400). Then, the controller 220 detects the

range corresponding to the SOC error range detected at the

OCV error range corresponding to the SOC error range of

tion have been shoWn and described, it Would be appreciated
by those skilled in the art that changes may be made in this

the key-off time point.

key-off time point. Accordingly, unlike the conventional
method in Which the initial SOC is inferred using the OCV
table that relates the past SOC and OCV based on tempera

ture, the method according to aspects of the present inven
tion can precisely infer the initial SOC the initial SOC is
inferred using the current status of the battery.
[0057] Although a feW embodiments of the present inven
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embodiment Without departing from the principles and spirit

8. A hybrid vehicle comprising

of the invention, the scope of Which is de?ned in the claims

an engine control unit;
a motor generator controlled by the engine control unit,
and
a battery connected to the motor generator and comprising
a plurality of battery cells grouped into a plurality of

and their equivalents.
What is claimed is:

1. A battery management system (EMS) for a hybrid
vehicle that includes an engine control unit, a motor gen

erator controlled by the engine control unit, and a battery in
Which a plurality of battery cells are grouped into a plurality

of battery packs, comprising:
a sensor that senses temperature, current, and open circuit

voltage (OCV) of the battery at a present key-on time

point; and
a main control unit (MCU) that calculates a key-off time

period, the key-off time period being an amount of time
that the battery has been in a key-off state from a

key-off time point to a time point at Which the present
key-on state begins, that calculates a difference

betWeen temperatures of the battery respectively
detected at the key-on time point and the key-off time
point by receiving data of the temperature of the
battery, that detects an OCV error range corresponding
to an SOC error range at the key-off time point, and that

infers an initial SOC of the battery by using the OCV
and the OCV error range.

2. The BMS of claim 1, Wherein the MCU takes the SOC
detected at the key-off time point as the initial SOC When the

key-off time period is shorter than a reference time period.
3. The BMS of claim of claim 2, Wherein, if the key-off
time period is longer than the reference time period,
the MCU receives the temperatures and the OCVs of the

battery respectively detected at the key-on time point
and the key-off time point, detects the OCV error range
corresponding to an SOC error range at the key-off time

point, and infers the initial SOC using a table that
relates SOCs to OCVs based on temperature if the OCV

detected at the key-on time point is a voltage that is not
Within the OCV error range corresponding to the SOC
error range detected at the key-off time point.
4. The BMS of claim 3, Wherein the MCU takes the SOC
detected at the key-off time point as the initial SOC of the

battery When the OCV detected at the key-on time point is
a voltage Within the OCV error range corresponding to the
SOC error range detected at the key-off time point and When
a difference betWeen temperatures of the battery at the

key-on time point and the key-off time point is less than a
reference temperature value.
5. The BMS of claim 4, Wherein the MCU assumes an
initial SOC using a table that relates SOCs to OCVs based
on temperature When the OCV at the key-on time point is a
voltage Within the OCV error range corresponding to the
SOC error range detected at the key-off time point and When

the difference betWeen temperatures detected at the key-on

time point and key-off time point is greater than the refer
ence temperature value.

6. The BMS according to claim 1, Wherein the reference
time period is a predetermined time period representing an
amount of time that elapses after a key-on time point While
the OCV becomes stabiliZed.
7. The BMS of claim 4, Wherein the reference temperature
value is a predetermined temperature value that is deter
mined based on a temperature history of temperature dif
ferences of the battery detected at a key-on time point and
a key-off time point.

battery packs; and
the battery management system of claim 1.
9. A method of determining an initial state of charge
(SOC) of a battery of a hybrid vehicle at a key-on time point

folloWing a key-off time period, the key-off time period
beginning With a key-off time point and ending With the

key-on time point, the method comprising:
comparing the key-off time period With a reference time
period, Wherein if the key-off time period is less than
the reference time period, the initial SOC is determined
to be the SOC at the key-off time point, and
if the key-off time period is not less than the reference
time period, determining Whether an open circuit volt
age (OCV) detected at the key-on time point is a
voltage Within an OCV error range corresponding to an

SOC error range detected at the key-off time point,

Wherein, if the OCV detected at the key-on time point
is not a voltage Within an OCV error range correspond
ing to an SOC error range detected at the key-off time

point, the initial SOC is determined according to the
OCV and temperature of the battery at the key-on time
point from a table that relates SOCs to OCVs based on

temperature, and
if the OCV detected at the key-on time point is a voltage
Within the OCV error range corresponding to an SOC

error range detected at the key-off time point, deter
mining Whether an absolute value of a difference

betWeen temperatures of the battery detected at the

key-on time point and the key-off time point is greater
than a reference temperature value, Wherein if the
difference betWeen temperatures detected at the key-on

time point and the key-off time point is greater than the
reference temperature, the initial SOC is determined
according to the OCV and temperature at the key-on
time point from a table that relates SOCs to OCVs
based on temperature and Wherein, if the difference

betWeen temperatures detected at the key-on time point
and the key-off time point is not greater than the
reference temperature, the initial SOC is determined to

be the SOC at the key-off time point.
10. The method of claim 9, Wherein the reference time
period is a predetermined time period representing an
amount of time that elapses after a key-on time point While
the OCV becomes stabiliZed.

11. The method of claim 9, Wherein, if the key-off time
period is not less than the reference time period, a main

control unit (MCU) of a battery management system (BMS)
of the battery receives the temperature of the battery
detected at the key-on time point and the key-off time point,
respectively, and the OCV error range at the key-on time
point, and detects the OCV error range corresponding to the
SOC error range at the key-off time point.

12. A driving method of a battery management system
(EMS) for a hybrid vehicle including an engine control unit
and a motor generator controlled by the engine control unit
and connected to a battery including a plurality of battery

cells grouped into a plurality of battery packs, comprising:
comparing a key-off time period With a reference time

period;
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determining Whether an open circuit voltage (OCV)
detected at the key-on time point is a voltage Within an
OCV error range corresponding to an SOC error range

detected at the key-off time point;
comparing a difference betWeen temperatures of the bat

tery detected at the key-on time point and the key-off
time point With a reference temperature value; and
determining an initial state of charge (SOC) as the result

of the comparing of the key-off time period With the
reference time period, determining Whether the OCV
detected at the key-on time point is a voltage Within the
OCV error range corresponding to an SOC error range

detected at the key-off time point and comparing a
difference betWeen temperatures detected at the key-on
time point and the key-off time point With the reference
temperature value.
13. The driving method of claim 12, Wherein the initial
SOC is determined to be the SOC detected at the key-off

time point When the Ken-off time period is shorter than the
reference time period.
14. The driving method of claim 12, Wherein the a main
control unit (MCU of the BMS receives temperatures of the
battery detected at the key-on time point and a key-off time
point, respectively, and the OCV error range at the key-on
time point, and detects the OCV error range corresponding

includes inferring the initial SOC using a table based on
SOC and OCV for temperature if the OCV at the key-on
time point is a voltage that is not Within the OCV error range
corresponding to the SOC error range of the key-off time

point.
16. The driving method of claim 12, Wherein the SOC at
the key-off time point is determined to be the initial SOC of
the battery When the OCV at the key-on time point is a
voltage Within the OCV error range corresponding to the
SOC error range detected at the key-off time point, and When
a difference betWeen temperatures detected at the key-on
time point and the key-off time point is less than a reference
temperature value.
17. The driving method of claim 12, Wherein the deter

mining of the initial SOC comprises inferring the initial
SOC using a table based on SOC and OCV for temperature
When an OCV at the key-on time point is a voltage Within
the OCV error range corresponding to an SOC error range

detected at a key-off time point and a difference betWeen

to the SOC error range at a key-off time point if the key-off

temperatures detected at the key-on time point and the
key-off time point is greater than the reference temperature.
18. The driving method of claim of claim 8, Wherein the
reference time period is a time period that elapses While the
OCV at the key-on time point is stabiliZed.
19. The driving method of claim 8, Wherein the reference
temperature value is a predetermined temperature value that

time period is longer than the reference time period.

is determined based on a temperature history of temperature

15. The driving method of claim 12, Wherein the deter
mining of Whether the OCV detected at the key-on time
point is a voltage Within the OCV error range corresponding

differences of the battery detected at the key-on time point
and a key-off time point.

to the SOC error range detected at the key-off time point
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