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(57) ABSTRACT

A device includes an interface and a processor. The interface
receives information for a parameter indicative of a status of
abattery. The processor calculates a remaining capacity of the
battery, calculates a capacity ratio of the calculated remaining
capacity to a capacity reference of the battery, compares the
parameter with a parameter reference to generate a first com-
parison result, compares the capacity ratio with a ratio refer-
ence to generate a second comparison result, sets an amount
according to the first and second comparison results, and
changes the calculated remaining capacity by the amount.
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DEVICES WITH BATTERY REMAINING
CAPACITY ESTIMATING FUNCTIONS

RELATED APPLICATION

[0001] The present application claims priority to Patent
Application No. 201210507614, filed on Nov. 30, 2012, with
the State Intellectual Property Office of the People’s Republic
of China.

BACKGROUND

[0002] In a conventional method for estimating remaining
capacity (RC) of a battery, the value of the remaining capacity
(hereinafter, the RC value) is estimated by reading an initial
RC value from a lookup table based on the open-circuit volt-
age of the battery, and by increasing or decreasing the RC
value based on a count of charges passing in and out of the
battery (referred to as “coulomb counting”). More specifi-
cally, batteries usually have certain voltage versus capacity
characteristics. The lookup table lists RC values correspond-
ing to different voltage references. In the lookup table, the RC
value corresponding to each voltage reference is obtained by
counting charges passing in a fully-discharged battery until
an open-circuit voltage of the battery reaches the voltage
reference. The counted value of the coulomb charges is the
RC value corresponding to the voltage reference. This lookup
table includes inaccuracies due to accumulated errors caused
by the coulomb counting. In addition, a battery usually has a
residual capacity left in the battery when the battery is fully
discharged. The value of the residual capacity (hereinafter,
the RES value) varies as the voltage, current, or temperature
of'the battery varies, which aggravates the inaccuracies in the
estimating process.

[0003] In another conventional method for estimating
remaining capacity of a battery, a residual capacity table
(hereinafter, the RES table) is used to reduce the inaccuracy
caused by the residual capacity. More specifically, the RES
table lists RES values corresponding to different voltage ref-
erences, current references, and temperature references. The
remaining capacity is estimated based on the RES table, the
above mentioned lookup table, and the coulomb counting
method. However, to establish the RES table, the battery
needs to repeat charging and discharging cycles for a large
number of times and to be tested under different battery
voltages, battery currents, and temperature, which is a com-
plex and time-consuming process.

[0004] Additionally, in both of these conventional methods,
when the battery is in use, e.g., being charged by a charger or
being discharged to power a device, the estimating of the
remaining capacity also includes inaccuracy caused by cou-
lomb counting. A device such as a mobile phone or a tablet
computer can employ the above mentioned methods to esti-
mate a remaining capacity of a battery that powers the device.
The device can further calculate a relative state of charge
(RSOC) of the battery and display the RSOC on a screen of
the device. The RSOC is represented by a capacity ratio of the
remaining capacity to a fully-charged capacity of the battery
in percentage form. Due to the inaccuracies mentioned above,
the RSOC shown on the screen is different from the actual
RSOC. For example, the shown RSOC may be 95% when the
actual RSOC is 99%, or the shown RSOC may be 5% when
the actual RSOC is 1%. Thus, at the moment when the battery
is fully charged, the RSOC shown on the screen may jump
from 95% to 100%. Moreover, when the battery is fully
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discharged, the device may unexpectedly turn off even though
the RSOC on the screen shows that the battery still has
remaining capacity.

SUMMARY

[0005] In one embodiment, a device includes an interface
and a processor. The interface receives information for a
parameter indicative of a status of a battery. The processor
calculates a remaining capacity of the battery, calculates a
capacity ratio ofthe calculated remaining capacity to a capac-
ity reference of the battery, compares the parameter with a
parameter reference to generate a first comparison result,
compares the capacity ratio with a ratio reference to generate
a second comparison result, sets an amount according to the
first and second comparison results, and changes the calcu-
lated remaining capacity by the amount.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Features and advantages of embodiments of the
claimed subject matter will become apparent as the following
detailed description proceeds, and upon reference to the
drawings, wherein like numerals depict like parts, and in
which:

[0007] FIG. 1 illustrates a block diagram of an example of
a system, in an embodiment according to the present inven-
tion.

[0008] FIG. 2 illustrates an example of a flowchart for
estimating a remaining capacity of a battery, in an embodi-
ment according to the present invention.

[0009] FIG. 3 illustrates an example of a flowchart for
estimating a remaining capacity of a battery using a charge
algorithm, in an embodiment according to the present inven-
tion.

[0010] FIG. 4 illustrates examples of plots for a remaining
capacity and a battery current associated with a battery, in an
embodiment according to the present invention.

[0011] FIG. 5 illustrates an example of a flowchart for
estimating a remaining capacity of a battery using a discharge
algorithm, in an embodiment according to the present inven-
tion.

[0012] FIG. 6 illustrates examples of plots for a remaining
capacity and a battery voltage associated with a battery, in an
embodiment according to the present invention.

[0013] FIG. 7 illustrates a flowchart of examples of opera-
tions performed by a device, in an embodiment according to
the present invention.

DETAILED DESCRIPTION

[0014] Reference will now be made in detail to the embodi-
ments of the present invention. While the invention will be
described in conjunction with these embodiments, it will be
understood that they are not intended to limit the invention to
these embodiments. On the contrary, the invention is intended
to cover alternatives, modifications and equivalents, which
may be included within the spirit and scope of the invention as
defined by the appended claims.

[0015] Embodiments described herein may be discussed in
the general context of computer-executable instructions
residing on some form of computer-usable medium, such as
program modules, executed by one or more computers or
other devices. Generally, program modules include routines,
programs, objects, components, data structures, etc., that per-
form particular tasks or implement particular abstract data



US 2014/0156209 Al

types. The functionality of the program modules may be
combined or distributed as desired in various embodiments.

[0016] Some portions of the detailed descriptions which
follow are presented in terms of procedures, logic blocks,
processing and other symbolic representations of operations
on data bits within a computer memory. These descriptions
and representations are the means used by those skilled in the
data processing arts to most effectively convey the substance
of their work to others skilled in the art. In the present appli-
cation, a procedure, logic block, process, or the like, is con-
ceived to be a self-consistent sequence of steps or instructions
leading to a desired result. The steps are those requiring
physical manipulations of physical quantities. Usually,
although not necessarily, these quantities take the form of
electrical or magnetic signals capable of being stored, trans-
ferred, combined, compared, and otherwise manipulated in a
computer system.

[0017] Itshould be borne in mind, however, that all of these
and similar terms are to be associated with the appropriate
physical quantities and are merely convenient labels applied
to these quantities. Unless specifically stated otherwise as
apparent from the following discussions, it is appreciated that
throughout the present application, discussions utilizing the
terms such as “calculating,” “comparing,” “generating,”
“changing,” “multiplying,” “increasing,” “decreasing” or the
like, refer to the actions and processes of a computer system,
or similar electronic computing device, that manipulates and
transforms data represented as physical (electronic) quanti-
ties within the computer system’s registers and memories into
other data similarly represented as physical quantities within
the computer system memories or registers or other such
information storage, transmission or display devices.

[0018] By way of example, and not limitation, computer-
usable media may comprise computer storage media and
communication media. Computer storage media includes
volatile and nonvolatile, removable and non-removable
media implemented in any method or technology for storage
of information such as computer-readable instructions, data
structures, program modules or other data. Computer storage
media includes, but is not limited to, random access memory
(RAM), read only memory (ROM), electrically erasable pro-
grammable ROM (EEPROM), flash memory or other
memory technology, compact disk ROM (CD-ROM), digital
versatile disks (DVDs) or other optical storage, magnetic
cassettes, magnetic tape, magnetic disk storage or other mag-
netic storage devices, or any other medium that can be used to
store the desired information.

[0019] Communication media can embody computer-read-
able instructions, data structures, program modules or other
data and includes any information delivery media. By way of
example, and not limitation, communication media includes
wired media such as a wired network or direct-wired connec-
tion, and wireless media such as acoustic, radio frequency
(RF), infrared and other wireless media. Combinations of any
of the above should also be included within the scope of
computer-readable media.

[0020] Furthermore, in the following detailed description
of the present invention, numerous specific details are set
forth in order to provide a thorough understanding of the
present invention. However, it will be recognized by one of
ordinary skill in the art that the present invention may be
practiced without these specific details. In other instances,
well known methods, procedures, components, and circuits
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have not been described in detail as not to unnecessarily
obscure aspects of the present invention.

[0021] Embodiments according to the present invention
estimate a remaining capacity of a battery. In one embodi-
ment, a device calculates the remaining capacity of the bat-
tery by coulomb counting, and calibrates the value of the
remaining capacity (hereinafter, the RC value) based on a
status of the battery. By way of example, the device increases/
decreases the RC value by an amount that is determined by
checking the range of a parameter of the battery. In a charging
state, the parameter includes a charging current of the battery.
In a discharging state, the parameter includes a voltage across
the battery. Compared with a conventional method for esti-
mating a remaining capacity of a battery, the calibrated RC
value is expected to be more accurate. Additionally, the RES
table used in a conventional method is omitted, and the pro-
cess of estimating the remaining capacity is simplified. Also,
the remaining capacity (e.g., the relative state of charge) that
is displayed to the user more accurately represents the actual
remaining capacity.

[0022] FIG. 1 illustrates a block diagram of an example of
a system 100, in an embodiment according to the present
invention. The system 100 includes a battery pack 110 and a
host device 130. In one embodiment, the battery pack 110 is
plugged into the host device 130 to power the host device 130.
The battery pack 110 can also be charged by a charger via the
host device 130.

[0023] Inone embodiment, the battery pack 110 includes a
battery 102 having battery cells coupled, e.g., in series, and
includes a temperature sense circuit 104 to sense a battery
temperature of the battery 102. The system 100 further
includes a voltage sense circuit 106 coupled to the battery
pack 110 to sense a battery voltage V ,, of the battery 102,
and a current sense circuit 108 coupled to the battery pack 110
to sense a battery current I, of the battery 102.

[0024] The host device 130 can be, but is not limited to, a
computing device such as a desktop, a laptop, a smart phone,
a palmtop, a tablet computer, etc. The host device 130
includes a battery monitor 120, a processor 140, a memory
134, and a screen 132. The battery monitor 120 includes a
multiplexer 112, an analog-to-digital converter (ADC) 114,
and register units. The multiplexer 112 selectively transfers
information for a parameter, e.g., a battery voltage Vz,,, a
battery current I ., a battery temperature, etc., indicative of
a status of the battery 102 to the ADC 114, and the ADC 114
converts the information into digital form. The information in
digital form is stored into the register units. The register units
include, but are not limited to, a temperature register unit 121
to store the value of the battery temperature, a voltage register
unit 122 to store the value of the battery voltage Vg, a
current register unit 123 to store the value of the battery
current I ,,, a remaining capacity (RC) unit 124 to store an
estimated RC value of the battery 102, and an open-circuit
voltage (OCV) register unit 125 to store the value of an
open-circuit voltage of the battery 102. The memory 134, e.g.,
a non-transitory computer-readable storage device, can store
computer-executable instructions that, when executed by the
processor 140, cause the processor 140 to perform operations
such as counting coulomb charges and calculating/estimating
the remaining capacity of the battery 102. The screen 132 can
display a status, e.g., the remaining capacity, a relative state of
charge (RSOC), etc., of the battery 102. The processor 140
can read and execute the computer-executable instructions
from the memory 134, receive battery information for the
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parameter indicative of the status of the battery 102 via an
interface 141, e.g., a communication bus, and estimate the
remaining capacity and RSOC of the battery 102 based on the
computer-executable instructions and the battery status infor-
mation. The processor 140 can further control the screen 132
to display the status of the battery 102.

[0025] As used herein, the term “battery temperature”
means a dynamic temperature of the battery 102; the term
“battery voltage V" means a dynamic voltage across the
battery 102 when the battery 102 is in use, e.g., being charged
by a charger or being discharged to power the host device 130;
the term “battery current I ,,”” means a dynamic current
flowing in or out of the battery 102, e.g., a charging current or
a discharging current; and the term “open-circuit voltage”
means a voltage across the battery 102 when the battery 102
is open-circuited.

[0026] As used herein, “relative state of charge” is repre-
sented by a capacity ratio of a remaining capacity to a capac-
ity reference, e.g., a fully-charged capacity, of the battery 102
in percentage form. In one embodiment, the term “remaining
capacity” means the total amount of charges RC,,- remain-
ing in the battery 102, and the term “fully-charged capacity”
means the total amount of charges FC ;,,-stored in the battery
102 when the battery 102 is fully charged. In one such
embodiment, the value of the relative state of charge (herein-
after, RSOC value) can be given by:

RSOC=(RC 7 #/F C 1) *100%.

[0027] In another embodiment, the “remaining capacity”
means the amount of charges RC ., remaining in and avail-
able to be discharged from the battery 102, and the term
“fully-charged capacity” means the amount of charges FC .,
stored in and available to be discharged from the battery 102
when the battery 102 is fully charged. More specifically, the
battery 102 has a residual capacity RES, e.g., some residual
charges, left in the battery 102 when the battery 102 is fully
discharged. When the battery 102 is not fully discharged, the
available remaining capacity RC ., can have the value of the
total amount of charges RC,,,minus the value of the residual
capacity RES, e.g., RC;,,=RC,,,~RES. When the battery
102 is fully charged, the available fully-charged capacity
FC,;, can be equal to the total amount of charges FC,r
minus the value of the residual capacity RES, e.g.,
FC,;.,=FC,o~RES. In one such embodiment, the RSOC
value can be given by: RSOC=[(RC;,~RESY/(FC;y—
RES)]*100%.

[0028] In one embodiment, the memory 134 includes a
lookup table that lists RC values corresponding to different
voltage references of the battery 102, and the lookup table can
be used to estimate an initial RC value of the battery 102. For
example, the lookup table includes an RC value R, corre-
sponding to a voltage V,, an RC value R, corresponding to a
voltage V,, .. ., an RC value Ry, corresponding to a voltage
V- When the battery pack 110 is plugged into the host device
130, the battery monitor 120 receives an open-circuit voltage
V opex 0f the battery 102 from the voltage sense circuit 106
and stores the value of the open-circuit voltage V 5, in the
OCV register unit 125. The processor 140 receives informa-
tion for the open-circuit voltage V . via the interface 141,
and reads from the lookup table an RC value corresponding to
the open-circuit voltage V 55z The read RC value can be
referred to as an initial RC value of the battery 102.

[0029] In one embodiment, when the battery 102 is in use,
e.g., being charged or discharged, the processor 140 performs
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coulomb counting to calculate the amount of change AC in the
charges of the battery 102, and calculates the remaining
capacity of the battery 102 by increasing or decreasing the
aforementioned initial RC value by the amount AC. The cal-
culated value of the remaining capacity is stored in the RC
register unit 124, and this calculated value can be referred to
as a pre-stored RC value of the battery 102. In one embodi-
ment, the term “coulomb counting” used herein means mul-
tiplying a current I, e.g., a charging current or a discharg-
ing current, of the battery 102 by the time period of the
operation of the battery 102. During a charging process, when
the battery 102 is close to being fully charged, the processor
140 estimates a dynamic RC value of the battery 102 based on
the RCvalue stored in the RC register unit 124, and also based
on a charge algorithm, in an embodiment according to the
present invention. During a discharging process, when the
battery 102 is close to being fully discharged, the processor
140 estimates a dynamic RC value of the battery 102 based on
the RCvalue stored in the RC register unit 124, and also based
on a discharge algorithm, in an embodiment according to the
present invention. By using the charge algorithm and the
discharge algorithm, the processor 140 can calibrate/adjust
the estimated RC value so that a difference between the esti-
mated RC value and the actual RC value of the battery 102
decreases. Hence, the estimated RC value can be calibrated/
adjusted toward the actual RC value. The RSOC value shown
on the screen 132 can also be calibrated/adjusted toward the
actual RSOC value of the battery 102. Additionally, the RES
table used in conventional methods is omitted, and the pro-
cess of estimating the remaining capacity is simplified.

[0030] FIG. 2 illustrates an example of a flowchart 200 for
estimating a remaining capacity of a battery, in an embodi-
ment according to the present invention. Although specific
steps are disclosed in FIG. 2, such steps are examples. That is,
the present invention is well suited to performing various
other steps or variations of the steps recited in FIG. 2. In one
embodiment, the flowchart 200 is implemented as a computer
program, e.g., including computer-executable instructions,
stored in a computer-readable medium, e.g., the memory 134.
FIG. 2 is described in combination with FIG. 1.

[0031] In step 202, the host device 130 is powered on. In
step 204, the host device 130 detects whether the battery 102
has just been plugged in. By way of example, at the moment
when a battery is plugged into the host device 130, a flag
signal stored in a flag register (not shown in FIG. 1) in the host
device 130 can be automatically set to, e.g., digital “1.” As
such, the host device 130 can be informed that a battery has
just been plugged in, by the flag signal, and then the host
device 130 may perform initial configuration. After the initial
configuration, the processor 140 can set the flag signal to, e.g.,
digital “0.” When the battery remains plugged in the host
device 130, the flag signal remains digital “0.” Accordingly, in
one embodiment, the battery 102 has just been plugged into
the host device 130 if the flag signal is digital “1,” or has been
used for a while if the flag signal is digital “0.” However, the
invention is not so limited. In another embodiment, whether
the battery 102 has just been plugged into the host device 130
or has been used for a while can be determined by another
way.

[0032] Inone embodiment, if the battery 102 has just been
plugged into the host device 130, then the RC register unit 124
of the battery monitor 120 does not have information about
the remaining capacity of the battery 102, and the flowchart
200 goes to step 206. If the battery 102 has been used for a



US 2014/0156209 Al

while after the battery 102 is plugged into the host device 130,
then the RC register unit 124 has the information for the
remaining capacity of the battery 102, and the flowchart 200
goes to step 208.

[0033] In step 206, the battery monitor 120 receives an
open-circuit voltage V 5z 0f the battery 102 from the volt-
age sense circuit 106 and transfers the information for the
open-circuit voltage V ;o to the processor 140. The proces-
sor 140 reads, from the aforementioned lookup table, an RC
value corresponding to the open-circuit voltage V oz, and
this RC value can be referred to as an initial RC value RC,, ;-
In step 208, the processor 140 reads an RC value stored in the
RC register unit 124, and this RC value can be referred to as
a pre-stored RC value RCz.

[0034] In step 210, the processor 140 detects whether the
battery 102 is in an idle state or in use. By way of example,
when the battery 102 is fully charged, the host device 130 can
terminate the charging of the battery 102 and no current may
flow in or out of the battery 102. In this situation, the battery
102 is in an idle state. When the processor 140 detects that the
battery 102 is in use, e.g., being charged or discharged, then
the flowchart 200 goes to step 212.

[0035] In step 212, the processor 140 detects whether the
battery 102 is in a discharging state, e.g., being discharged to
power loads such as components and circuitry in the host
device 130. If the battery 102 is in the discharging state, the
flowchart 200 goes to step 214; otherwise, it goes to step 222.
[0036] In step 214, the processor 140 detects whether the
battery 102 is close to being fully discharged. In one embodi-
ment, when a battery voltage Vg, of the battery 102
decreases to a voltage reference V., the battery 102 is
close to being fully discharged. The voltage reference Vg .z,
is determined by an end-of-discharge voltage V., of the
battery 102. By way of example, if the battery 102 has a
battery voltage V o p, €.2., 3.5V, when the battery 102 is fully
discharged, then this battery voltage V. e.g., 3.5V, can be
referred to as “end-of-discharge voltage”” The voltage refer-
ence V-, can be set to be, e.g., V;,,+50 mV. In one
embodiment, if the processor 140 detects that the battery 102
is close to being fully discharged, e.g., a battery voltage V5,
of the battery 102 has decreased to the voltage reference
V rer1, then the flowchart 200 goes to step 216; otherwise, it
goes to step 218. In step 216, the processor 140 performs a
discharge algorithm to estimate the remaining capacity of the
battery 102, which is further detailed in FIG. 5.

[0037] In step 222, the processor 140 detects whether the
battery 102 is in a charging state, e.g., being charged via the
host device 130. If the battery 102 is in the charging state, the
flowchart 200 goes to step 224; otherwise, it goes to step 210.
[0038] In step 224, the processor 140 detects whether the
battery 102 is close to being fully charged. In one embodi-
ment, when a battery voltage Vg, of the battery 102
increases to a voltage reference V.., of the battery 102, the
battery 102 is close to being fully charged. By way of
example, in the charging state, a battery voltage V5, of the
battery 102 can increase until it reaches a constant-voltage
threshold V ;. When the battery voltage V5, reaches the
constant-voltage threshold V ., the battery 102 enters a con-
stant-voltage charging mode, the battery voltage Vz, can
remain substantially constant, and the charging current I,
of the battery 102 starts to decrease. In one embodiment, the
voltage reference V.., is the constant-voltage threshold
V o3~ In another embodiment, the voltage reference V4 18
slightly less than the constant-voltage threshold V ;. In one
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embodiment, if the processor 140 detects that the battery 102
is close to being fully charged, e.g., a battery voltage Vg ,-of
the battery 102 has increased to the voltage reference Vzp,
then the flowchart 200 goes to step 226; otherwise, it goes to
step 218. In step 226, the processor 140 performs a charge
algorithm to estimate the remaining capacity of the battery
102, which is further detailed in FIG. 3.

[0039] In step 218, the processor 140 performs coulomb
counting to calculate the remaining capacity of the battery
102. By way of example, the processor 140 can repeat the
coulomb counting at a predetermined frequency 1/T,zz. In
other words, in each cycle period T,z, the processor 140
counts the charges passing in and out of the battery 102. The
processor 140 calculates the amount of charges AC by mul-
tiplying a current I, e.g., a charging current or a discharg-
ing current, of the battery 102 by the time period of operation
of the battery 102, e.g., the cycle period T,z.. Thus, the
amount AC is given by: AC=I ,*T px . If the battery 102 is
in the discharging state, then the processor 140 decreases the
RC value (e.g., the initial RC value RC;,,, obtained by the
step 206 or the pre-stored RC value RC, . obtained by the
step 208) by the amount AC, and stores the updated RC value
to the RC register unit 124. If the battery 102 is in the charging
state, then the processor 140 increases the RC value by the
amount AC, and stores the updated RC value to the RC reg-
ister unit 124.

[0040] FIG. 3 illustrates an example of a flowchart 300 for
estimating a remaining capacity of a battery using a charge
algorithm, e.g., the charge algorithm mentioned in step 226 of
FIG. 2, in an embodiment according to the present invention.
Although specific steps are disclosed in FIG. 3, such steps are
examples. That is, the present invention is well suited to
performing various other steps or variations of the steps
recited in FIG. 3. In one embodiment, the flowchart 300 is
implemented as a computer program, e.g., including com-
puter-executable instructions, stored in a computer-readable
medium, e.g., the memory 134. FIG. 3 is described in com-
bination with FIG. 1 and FIG. 2.

[0041] Inone embodiment, the processor 140 performs the
steps in the flowchart 300 to calculate a remaining capacity of
the battery 102 and calculate a capacity ratio of the calculated
remaining capacity to a capacity reference of the battery 102.
The processor 140 also compares a parameter of the battery
102 with a parameter reference to generate a first comparison
result, compares the capacity ratio with a ratio reference to
generate a second comparison result, sets an amount of incre-
ment ARC, according to the first and second comparison
results, and changes the calculated remaining capacity by the
amount of increment ARC, . In one embodiment, the capacity
reference includes a fully-charged capacity of battery 102
defined above, and the capacity ratio is the relative state of
charge (RSOC) defined above. In the example of FIG. 3, the
parameter includes a charging current I ., ; of the battery 102,
and the processor 140 compares the charging current [
with a current reference to generate the first comparison
result. The processor 140 increases the calculated remaining
capacity according to the first and second comparison results.

[0042] More specifically, in step 302, the processor 140
performs coulomb counting to obtain the amount of change
AC in the charges of the battery 102. In step 304, the processor
140 compares a battery voltage V- of the battery 102 with
a voltage reference, e.g., a constant-voltage threshold V- of
the battery 102. If the battery voltage V. is less than the
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constant-voltage threshold V., then the flowchart 300 goes
to step 324; otherwise, it goes to step 306.

[0043] In step 324, the processor 140 sets the increment
ARC, to the amount AC obtained by step 302, and increases
the RC value by the amount AC. The computer program of the
flowchart 300 returns an updated RC value RC+AC, and the
processor 140 stores the updated RC value RC+AC in the RC
register unit 124. In other words, if the battery voltage Vg, ,is
less than the constant-voltage threshold V ., then the proces-
sor 140 can perform the coulomb counting to estimate the RC
value, similar to the step 218 of FIG. 2.

[0044] In step 306, the processor 140 compares the charg-
ing current I, with a first current reference and a second
current reference to determine a range of the charging current
1 oz76- More specifically, in one embodiment, when the battery
102 operates in a constant-current charging mode, the charg-
ing current I, can have a substantially constant value I,
and the battery voltage V. increases. When the battery
voltage V , ~increases to the constant-voltage threshold V .,
the battery 102 enters a constant-voltage charging mode, and
the charging current I, decreases if the battery 102 contin-
ues to be charged. In one embodiment, when the charging
current ., decreases to an end-of-charge current I, the
battery 102 is considered to be fully charged. In the example
of FIG. 3, the end-of-charge current 1., is one-tenth of the
constant value I.;; however, embodiments according to the
invention are not so limited. In the example of FIG. 3, in step
306, the processor 140 compares the charging current [,
with a current reference 9.,- and a current reference
1015, .8, the constant value [, to determine whether the
charging current I is within a range [91.,., 10I;,.). In
one embodiment, [, ) represents a range from a boundary
value o to a boundary value f3, including the boundary value
o and excluding the boundary value f3.

[0045] Continuing with the example, if the charging current
Iz 1s not within the range [91,, 10I,), €.g., the charg-
ing current I . is less than the current reference 91, -, then
the flowchart 300 goes to step 312. In step 312, the processor
140 decreases the first and second current references, and
compares the charging current [, with the next set of
decreased current references, e.g., current references 8.,
and 91 . Similarly, if the charging current [ -, is less than
the current reference 81, then the processor 140 further
decreases the first and second current references to yet
another set of decreased current references, and compares the
charging current I, with those decreased current refer-
ences. The processor 140 can repeat the comparing process
until the processor 140 determines the range of the charging
current I .

[0046] Inone embodiment, the processor 140 increases the
aforementioned ratio reference if the first and second current
references are decreased. By way of example, in step 306, if
the charging current I is detected to be within the range
[91z060s 101 26c), then the processor 140 performs step 308 to
compare the RSOC value with a ratio reference 91%. In step
312, if the charging current I ., is detected to be within the
range 8150 9zo0), then the processor 140 performs step
314 to compare the RSOC value with a ratio reference 92%.
Similarly, in step 318, if the charging current I -, is detected
to be within the range (I, 21z,), then the processor 140
performs step 320 to compare the RSOC value with a ratio
reference 99%. In other words, the processor 140 determines
whether the charging current [, is within a range defined
by the first and second current references. If the charging
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current [, is within the range, then the processor 140 fur-
ther compares the RSOC value with a ratio reference corre-
sponding to the range. If the charging current [, is not
within the range, then the processor 140 decreases the first
and second current references, and also increases the ratio
reference.

[0047] As shown in FIG. 3, if the charging current I . is
within the range [9] 5, 10I;50), €.g., the charging current
Iz 1s less than the current reference 101, and is equal to
or greater than the current reference 91, and if the RSOC
value is less than the ratio reference 91%, then the flowchart
300 goes to step 328. In step 328, the processor 140 sets the
amount of increment ARC, to be, e.g., AC+90%*CF, and
increases the RC value by the amount AC+90%*CF. Simi-
larly, if the charging current I, is within the range [81 5,
91zoc), and the RSOC value is less than the ratio reference
92%, then the flowchart 300 goes to step 330. In step 330, the
processor 140 sets the increment ARC, to be, e.g.,
AC+80%*CF, and increases the RC value by the amount
AC+80%*CF. Operations of setting the increment ARC, and
increasing the RC value by the increment ARC,, correspond-
ing to the ranges [71zo0s 8lzoc)s - - - s [2lzoes 3lzoc), are
performed in a similar manner, and therefore are not repeti-
tively detailed herein. If the charging current [, is within
the range (Iz o0, 21z00), €-g., the charging current I, is less
than the current reference 21, and greater than the end-of-
charge current I.,, and if the RSOC value is less than the
ratio reference 99%, then the flowchart 300 goes to step 332.
In step 332, the processor 140 sets the increment ARC, to be,
e.g., AC+10%*CF, and increases the RC value by the incre-
ment AC+10%*CF. In one embodiment, because the rate of
increase of the actual remaining capacity of the battery 102
decreases when the charging current I ., decreases, the pro-
cessor 140 can, but not necessarily, decrease the increment
ARC, when the charging currentI ., decreases as illustrated
in the example of FIG. 3.

[0048] In one embodiment, the parameter CF is referred to
as a “catching factor,” and is equal to 1% of the fully-charged
capacity of the battery 102. For example, a battery for a
smartphone may have a fully-charged capacity of 1600 mAH
(milliampere-hour), and 1% of its fully-charged capacity is
16 mAH. For another example, a battery for a tablet computer
may have a fully-charged capacity of 7000 mAH, and 1% of
its fully-charged capacity is 70 mAH. The increments
AC+90%*CF, AC+80%*CF and AC+10%*CF disclosed in
the steps 328, 330, and 332 are not intended to limit the
invention. In another embodiment, the increments ARC, set
in steps 328, 330 and 332, and in other similar steps (not
shown in FIG. 3) can have any value as long as the increments
ARC, are greater than the amount AC and less than the cach-
ing factor CF, e.g., 1% of the fully-charged capacity of the
battery 102.

[0049] Moreover, instep 310, if the RSOC value is detected
to be equal to 91%, then the flowchart 300 goes to step 324 to
increase the RC value by the amount AC and returns the
updated RC value RC+AC. If the RSOC value is detected to
be greater than 91%, then the flowchart 300 goes to step 326.
In step 326, the processor 140 keeps the RC value unchanged
and the computer program of the flowchart 300 returns the
unchanged RC value. Similar descriptions for steps 316 and
322 are omitted.

[0050] Furthermore, in step 318, if the charging current
Iz 18 detected to have decreased to the end-of-charge cur-
rent [, then the flowchart 300 goes to step 334. In step 334,
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the processor 140 increases the RC value by the amount
100%*CF and the computer program of the flowchart 300
returns an updated RC value RC+100%*CF.

[0051] FIG. 4 illustrates examples of plots for the remain-
ing capacity and the charging current I -, described in rela-
tion to FIG. 3, in an embodiment according to the present
invention. FIG. 4 is described in combination with FIG. 3. In
one embodiment, the curve 402 represents the RSOC value
obtained by performing the flowchart 300, the curve 404
represents the RSOC value obtained simply by coulomb
counting without performing the flowchart 300, and the curve
406 represents the charging current [ .

[0052] Asshownin FIG. 4, attime T ,, the charging current
Iz starts to decrease, and the battery 102 is close to being
fully charged. The charging current 1., decreases as the
RSOC of the battery 102 increases. In one embodiment, by
performing the steps in the flowchart 300, the RSOC value
can be controlled to be, for example, 91% when the charging
current I, is within the range [9].,, 101,.), 92% when
the charging current I 5 is within the range [81 50, Vzoe)s
..., and 99% when the charging current I . is within the
range (Izocs 2lz00)- In addition, the RSOC value can be
controlled to be 100% when the charging current 1, has
decreased to the end-of-charge current I,

[0053] By way of example, at time T in FIG. 4, the charg-
ing current I .. is within the range [81.,., 9z,), and the
RSOC value at the curve 404 is 91%. Therefore, the processor
140 performs step 330 of the flowchart 300 to increase the RC
value by an increment ARC,, e.g., ARC,=AC+80%*CF.
Thus, the RSOC value increases toward 92%. As mentioned
above, the increment ARC, is less than 1% of the fully-
charged capacity of the battery 102, and therefore the RSOC
value does not jump from 91% to 93% after the RC value is
increased.

[0054] Consequently, compared with conventional meth-
ods for estimating a remaining capacity of a battery, the RC
value obtained by performing the flowchart 300 can be closer
to the actual RC value, and the RSOC value shown on the
screen 132 can be closer to the actual RSOC value of the
battery 102. In addition, the RSOC value shown on the screen
132 does not change discontinuously.

[0055] FIG. 5 illustrates an example of a flowchart 500 for
estimating a remaining capacity of a battery using a discharge
algorithm, e.g., the discharge algorithm mentioned in step
216 of FIG. 2, in an embodiment according to the present
invention. Although specific steps are disclosed in FIG. 5,
such steps are examples. That is, the present invention is well
suited to performing various other steps or variations of the
steps recited in FIG. 5. In one embodiment, the flowchart 500
is implemented as a computer program, e.g., including com-
puter-executable instructions, stored in a computer-readable
medium, e.g., the memory 134. FIG. 5 is described in com-
bination with FIG. 1 and FIG. 2.

[0056] Inone embodiment, the processor 140 performs the
steps in the flowchart 500 to calculate a remaining capacity of
the battery 102 and calculate a capacity ratio, e.g., an RSOC
value, of the battery 102. The processor 140 also compares a
parameter of the battery 102 with a parameter reference to
generate a first comparison result, compares the capacity ratio
with a ratio reference to generate a second comparison result,
sets an amount of decrement ARC, according to the first and
second comparison results, and changes the calculated
remaining capacity by the amount of decrement ARC,. In the
example of FIG. 5, the parameter includes a battery voltage
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V 547 0f the battery 102, and the processor 140 compares the
battery voltage V5, with a voltage reference to generate the
first comparison result. The processor 140 decreases the cal-
culated remaining capacity according to the first and second
comparison results.

[0057] More specifically, in step 502, the processor 140
performs coulomb counting to obtain the amount of change
AC in the charges of the battery 102. In step 504, the processor
140 can read an end-of-discharge voltage V ., of the battery
102 from a table. More specifically, in one embodiment, a
battery voltage V. of the battery 102 decreases in a dis-
charging state. When the battery voltage V ,~-decreases to the
end-of-discharge voltage V ., ,, the battery 102 is considered
to be fully discharged. In one embodiment, the memory 134
further includes a table that lists values of the end-of-dis-
charge voltage V-, corresponding to different battery tem-
peratures. The processor 140 can read an end-of-discharge
voltage V., from the table according to a battery tempera-
ture received from the temperature sense circuit 104. In
another embodiment, the end-of-discharge voltage V., is a
preset voltage independent of the battery temperature. In one
such embodiment, the step 504 can be skipped.

[0058] In step 506, the processor 140 compares the battery
voltage V5, with a voltage reference, e.g., 5V +Vop. In
one embodiment, when the RSOC of the battery 102 is 5%,
the battery 102 has a voltage V ;s The voltage reference V-
can be chosen such that a difference between the voltage
reference 5V 4V, and the voltage V5o, is less than a
predetermined limit. In step 506, if the battery voltage V5 ,is
equal to or greater than the voltage reference 5V ,,+Vop,
then the flowchart 500 goes to step 526; otherwise, it goes to
step 508.

[0059] In step 526, the processor 140 sets the decrement
ARC, to be the amount AC obtained by step 502, and
decreases the RC value by the amount AC. The computer
program of the flowchart 500 returns an updated RC value
RC-AC, and the processor 140 stores the updated RC value
RC-AC in the RC register unit 124. In other words, if the
battery voltage V5, is equal to or greater than the voltage
reference 5V 4V ;5 p, then the processor 140 can perform the
coulomb counting to estimate the RC value, similar to the step
218 of FIG. 2.

[0060] In step 508, the processor 140 compares the battery
voltage V5, with a first voltage reference, e.g., 4V 4V op,
and a second voltagereference, e.g., 5V 4V, p, to determine
a range of the battery voltage Vz,, More specifically, the
processor 140 compares the battery voltage V,, with the
voltage references 4V ;+V,p and 5V 4V, to determine
whether the battery voltage V- is within the range [4V ,+

Vo SVi+Veop).

[0061] If the battery voltage V- is not within the range
[4V 4V oop, SV 4V eop), €.g., the battery voltage Vg, is
less than the voltage reference 4V ;+V ., then the flowchart
500 goes to step 514. In step 514, the processor 140 decreases
the first and second voltage references, and compares the
battery voltage V,, with the next set of decreased voltage
references, e.g., voltage references 3V,+V,, and 4V +
Vzop- Similarly, if the battery voltage V- is less than the
voltage reference 3V ;4+V ., p, then the processor 140 further
decreases the first and second voltage references to yet
another set of decreased voltage references, and compares the
battery voltage V 5 , - with those decreased voltage references.
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The processor 140 can repeat the comparing process until the
processor 140 determines the range of the battery voltage

VBA -

[0062] Inoneembodiment, the processor 140 decreases the
aforementioned ratio reference if the first and second voltage
references are decreased. By way of example, in step 508, if
the battery voltage V5, is detected to be within the range
[4V 4V zop, SV 4V op), then the processor 140 performs
step 510 to compare the RSOC value with a ratio reference
5%. In step 514, if the battery voltage V5, is detected to be
within the range [3V 4V zop, 4V 4V zop), then the proces-
sor 140 performs step 516 to compare the RSOC value with a
ratio reference 4%. Similarly, in step 520, if the battery volt-
age Vg, is detected to be within the range (Vzops
V +Vop), then the processor 140 performs step 522 to com-
pare the RSOC value with a ratio reference 1%. In other
words, the processor 140 determines whether the battery volt-
age Vg, is within a range defined by the first and second
voltage references. If the battery voltage V- is within the
range, then the processor 140 further compares the RSOC
value with a ratio reference corresponding to the range. If the
battery voltage V5, is not within the range, then the proces-
sor 140 decreases the first and second voltage references, and
also decreases the ratio reference.

[0063] As shown in FIG. 5, if the battery voltage Vg, is
within the range [4V +Vzop, SV 4V eop), €.g., the battery
voltage V5, -is less than the voltage reference 5V +V o, and
is equal to or greater than the voltage reference 4V +V ., p,
and if the RSOC value is greater than the ratio reference 5%,
then the flowchart 500 goes to step 530. In step 530, the
processor 140 sets the amount of decrement ARC, to be, e.g.,
AC+10%*CF, and decreases the RC value by the amount
AC+10%*CF. Similarly, if the battery voltage V5, is within
the range [3V 4V zop, 4V 4V zop), and the RSOC value is
greater than the ratio reference 4%, then the flowchart 500
goes to step 532. In step 532, the processor 140 sets the
decrement ARC, to be, e.g., AC+10%*CF, and decreases the
RC value by the amount AC+10%*CF. Operations of setting
the decrement ARC, and decreasing the RC value by the
decrement ARC,, corresponding to the ranges [2V +V ,p,
3V AVeop) and [V 4V eop, 2V 4V o) are performed in a
similar manner, and therefore are not repetitively detailed
herein. If the battery voltage V5 ,is within the range (V z5p,
V4Viop), €.g., the battery voltage V. is less than the
voltage reference V4V ., and greater than the end-of-dis-
charge voltage V., p, and if the RSOC value is greater than
the ratio reference 1%, then the flowchart 500 goes to step
534. In step 534, the processor 140 sets the decrement ARC,
to be, e.g., AC+10%*CF, and decreases the RC value by the
amount AC+10%*CF.

[0064] The decrements AC+10%*CF disclosed in the steps
530, 532, and 534 are not intended to limit the invention. In
another embodiment, the decrements ARC, set in steps 530,
532, and 534, and in other similar steps (not shown in FIG. 5)
can have any value as long as the decrements ARC, are greater
than the amount AC and less than the catching factor CF (e.g.,
1% of the fully-charged capacity of the battery 102).

[0065] Moreover, instep 512, ifthe RSOC value is detected
to be equal to, e.g., 5%, then the flowchart 500 goes to step
526 to decrease the RC value by the mount AC and returns the
updated RC value RC-AC. If the RSOC value is detected to
be less than 5%, then the flowchart 500 goes to step 528. In
step 528, the processor 140 keeps the RC value unchanged
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and the computer program of the flowchart 500 returns the
unchanged RC value. Similar descriptions for steps 518 and
524 are omitted.

[0066] Furthermore, instep 520, if the battery voltage V-
is detected to have decreased to the end-of-discharge battery
V zop» then the flowchart 500 goes to step 536. In step 536, the
processor 140 decreases the RC value by the amount
100%*CF and the computer program of the flowchart 500
returns an updated RC value RC-100%*CF.

[0067] FIG. 6 illustrates examples of plots for the remain-
ing capacity and the battery voltage V ,-described in relation
to FIG. 5, in an embodiment according to the present inven-
tion. FIG. 6 is described in combination with FIG. 5. In one
embodiment, the curve 602 represents the RSOC value
obtained by performing the flowchart 500, the curve 604
represents the RSOC value obtained simply by coulomb
counting without performing the flowchart 500, and the curve
606 represents the battery voltage Vg -

[0068] As shown in FIG. 6, at time T" , the battery voltage
Vs decreases to the voltage reference 5V +V ., p, and the
battery 102 is close to being fully discharged. The battery
voltage Vg, decreases as the RSOC of the battery 102
decreases. In one embodiment, by performing the steps in the
flowchart 500, the RSOC value can be controlled to be, e.g.,
5% when the battery voltage Vg, is within the range [4V ;+
Vo SV4Vop), 4% when the battery voltage Vg, is
within the range [3V 4V zop, 4V 4V op), - - ., and 1% when
the battery voltage Vg, is within the range (Vzop.
V4V zop)- In addition, the RSOC value can be controlled to
be 0% when the battery voltage V- has decreased to the
end-of-discharge voltage V-

[0069] By way of example, attime T in FIG. 6, the battery
voltage V- is within the range [3V 4V ,p, 4V 4V op),
and the RSOC value at the curve 604 is 5%, and therefore the
processor 140 performs step 532 of the flowchart 500 to
decrease the RC value by a decrement ARC,, e.g.,
ARC,=AC+10%*CF. Thus, the RSOC value decreases
toward 4%. As mentioned above, the decrement ARC, is less
than 1% of the fully-charged capacity of the battery 102, and
therefore the RSOC value does not jump from 5% to 3% after
the RC value is decreased.

[0070] Consequently, compared with conventional meth-
ods for estimating a remaining capacity of a battery, the RC
value obtained by performing the flowchart 500 can be closer
to the actual RC value, and the RSOC value shown on the
screen 132 can be closer to the actual RSOC value of the
battery 102. In addition, the RSOC value shown on the screen
132 does not change discontinuously.

[0071] FIG. 7 illustrates a flowchart 700 of examples of
operations performed by a device, e.g., the host device 130 in
FIG. 1, in an embodiment according to the present invention.
In one embodiment, the flowchart 700 is implemented as a
computer program, e.g., including computer-executable
instructions, stored in a computer-readable medium, e.g., the
memory 134. FIG. 7 is described in combination with FIG. 1,
FIG. 2, FIG. 3, FIG. 4, FIG. 5 and FIG. 6.

[0072] Instep 702, the processor 140 calculates a capacity
ratio, e.g., the above mentioned RSOC, of a calculated
remaining capacity of the battery 102 to a capacity reference,
e.g., a fully-charged capacity, of the battery 102.

[0073] In step 704, the processor 140 compares a param-
eter, e.g., a charging current [ in a charging state or a
battery voltage V- in a discharging state, indicative of a
status of the battery 102 with a parameter reference, e.g., the
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current references mentioned in FIG. 3 or the voltage refer-
ence mentioned in FIG. 5, to generate a first comparison
result.

[0074] Instep 706, the processor 140 compares the capacity
ratio, e.g., the RSOC, with a ratio reference, e.g., the ratio
references in FIG. 3 or FIG. 5, to generate a second compari-
son result.

[0075] In step 708, the processor 140 sets an amount of
change, e.g., an increment ARC, or a decrement ARC,,
according to the first and second comparison results, and
changes the calculated remaining capacity by the amount.

[0076] In summary, embodiments according to the present
invention provide methods for estimating an RC (remaining
capacity) value and RSOC (relative state of charge) value of
a battery, and devices that implement those methods. In one
embodiment, during a charging process, the range of the
battery current is determined and an increment is determined
according to the range. The RC value of the battery is
increased by the increment. In another embodiment, during a
discharging process, the range of the battery voltage is deter-
mined and a decrement is determined according to the range.
The RC value of the battery is decreased by the decrement. As
a result, the estimated RC value and ROSC value are adjusted
toward the actual RC value and ROSC value. Embodiments
according to the present invention can be used in any kind of
device which is operable for estimating a remaining capacity
of'abattery. The device can be, but is not limited to, a desktop,
a laptop, a smart phone, a palmtop, or a tablet computer.

[0077] While the foregoing description and drawings rep-
resent embodiments of the present invention, it will be under-
stood that various additions, modifications and substitutions
may be made therein without departing from the spirit and
scope of the principles of the present invention as defined in
the accompanying claims. One skilled in the art will appre-
ciate that the invention may be used with many modifications
of form, structure, arrangement, proportions, materials, ele-
ments, and components and otherwise, used in the practice of
the invention, which are particularly adapted to specific envi-
ronments and operative requirements without departing from
the principles of the present invention. The presently dis-
closed embodiments are therefore to be considered in all
respects as illustrative and not restrictive, the scope of the
invention being indicated by the appended claims and their
legal equivalents, and not limited to the foregoing description.

What is claimed is:
1. A device comprising:

an interface configured to receive information for a param-
eter indicative of a status of a battery; and

aprocessor, coupled to said interface, configured to calcu-
late a remaining capacity of said battery and calculate a
capacity ratio of the calculated remaining capacity to a
capacity reference of said battery, configured to compare
said parameter with a parameter reference to generate a
first comparison result, configured to compare said
capacity ratio with a ratio reference to generate a second
comparison result, configured to set an amount accord-
ing to said first and second comparison results, and
configured to change said calculated remaining capacity
by said amount.
2. The device as claimed in claim 1, wherein said calculated
remaining capacity is obtained by multiplying a current of
said battery by a time period of operation of said battery.
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3. The device as claimed in claim 1, wherein said battery
has a fully-charged capacity when said battery is fully-
charged, and wherein said capacity reference comprises said
fully-charged capacity.

4. The device as claimed in claim 1, wherein said parameter
comprises a charging current of said battery, and wherein said
charging current decreases as said battery is charged in a
predetermined charging mode.

5. The device as claimed in claim 4, wherein said processor
compares said charging current with a current reference to
generate said first comparison result, and wherein said pro-
cessor increases said calculated remaining capacity by said
amount if said charging current is less than said current ref-
erence and if said capacity ratio is less than said ratio refer-
ence.

6. The device as claimed in claim 4, wherein said processor
compares said charging current with a first current reference
and a second current reference to determine a range of said
charging current, and wherein said processor increases said
ratio reference if said first and second current references are
decreased.

7. The device as claimed in claim 1, wherein said parameter
comprises a battery voltage of said battery in a discharging
state.

8. The device as claimed in claim 7, wherein said processor
compares said battery voltage with a voltage reference to
generate said first comparison result, and wherein said pro-
cessor decreases said calculated remaining capacity by said
amount if said battery voltage is less than said voltage refer-
ence and if said capacity ratio is greater than said ratio refer-
ence.

9. The device as claimed in claim 7, wherein said processor
compares said battery voltage with a first voltage reference
and a second voltage reference to determine a range of said
battery voltage, and wherein said processor decreases said
ratio reference if said first and second voltage references are
decreased.

10. A method for estimating a remaining capacity of a
battery, said method comprising:

calculating, using a processor, a capacity ratio of a calcu-

lated remaining capacity of said battery to a capacity
reference of said battery;

comparing a parameter indicative of a status of said battery

with a parameter reference to generate a first comparison
result;

comparing said capacity ratio with a ratio reference to

generate a second comparison result;

setting an amount according to said first and second com-

parison results; and

changing said calculated remaining capacity by said

amount.

11. The method as claimed in claim 10, further comprising:

multiplying a current of said battery by a time period of

operation of said battery to obtain said calculated
remaining capacity.
12. The method as claimed in claim 10, further comprising:
comparing a charging current of said battery with a current
reference to generate said first comparison result; and

increasing said calculated remaining capacity by said
amount if said charging current is less than said current
reference and said capacity ratio is less than said ratio
reference.
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13. The method as claimed in claim 10, further comprising:
comparing a battery voltage of said battery with a voltage
reference to generate said first comparison result; and

decreasing said calculated remaining capacity by said
amount if said battery voltage is less than said voltage
reference and said capacity ratio is greater than said ratio
reference.

14. A device comprising:

a processor; and

a memory coupled to said processor, said memory com-

prising computer-readable instructions that, when
executed by said processor, cause said processor to cal-
culate a remaining capacity of said battery, to calculate a
capacity ratio of the calculated remaining capacity to a
capacity reference of said battery, to compare a param-
eter indicative of a status of said battery with a parameter
reference to generate a first comparison result, to com-
pare said capacity ratio with a ratio reference to generate
a second comparison result, to set an amount according
to said first and second comparison results, and to
change said calculated remaining capacity by said
amount.

15. The device as claimed in claim 14, wherein said com-
puter-readable instructions, when executed by said processor,
cause said processor to multiply a current of said battery by a
time period of operation of said battery to obtain said calcu-
lated remaining capacity.

16. The device as claimed in claim 14, wherein said battery
has a fully-charged capacity when said battery is fully
charged, and wherein said capacity reference comprises said
fully-charged capacity.

17. The device as claimed in claim 14, wherein said param-
eter comprises a charging current of said battery, and wherein
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said computer-readable instructions, when executed by said
processor, cause said processor to compare said charging
current with a current reference to generate said first com-
parison result, and to increase said calculated remaining
capacity by said amount if said charging current is less than
said current reference and if said capacity ratio is less than
said ratio reference.

18. The device as claimed in claim 14, wherein said param-
eter comprises a charging current of said battery, and wherein
said computer-readable instructions, when executed by said
processor, cause said processor to compare said charging
current with a first current reference and a second current
reference to determine a range of said charging current, and to
increase said ratio reference if said first and second current
references are decreased.

19. The device as claimed in claim 14, wherein said param-
eter comprises a battery voltage of said battery, and wherein
said computer-readable instructions, when executed by said
processor, cause said processor to compare said battery volt-
age with a voltage reference to generate said first comparison
result, and to decrease said calculated remaining capacity by
said amount if said battery voltage is less than said voltage
reference and if said capacity ratio is greater than said ratio
reference.

20. The device as claimed in claim 14, wherein said param-
eter comprises a battery voltage of said battery, and wherein
said computer-readable instructions, when executed by said
processor, cause said processor to compare said battery volt-
age with a first voltage reference and a second voltage refer-
ence to determine a range of said battery voltage, and to
decrease said ratio reference if said first and second voltage
references are decreased.
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