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(54) RESOLUTION CONTROL APPARATUS AND RESOLUTION CONTROL METHOD

(57) A control apparatus that controls a resolution
according to a signal of a motor is provided. The appa-
ratus comprises a measurement unit configured to meas-
ure a voltage and an electric current of the signal, an
amplification unit comprising a first variable resistor, and
a micro control unit (MCU) comprising first, second, and
third lookup tables. The amplification unit is configured
to amplify the signal according to a first gain correspond-
ing to a resistance value and generate an output signal.

The MCU is configured to set the resolution, divide the
signal, generate the output signal, set a measurement
range corresponding to a first gain, and control the re-
sistance value. The MCU is configured to control the re-
sistance value according to a comparison between the
set measurement range, comprising a range of voltages
proportional to a magnitude of the gain, and a range of
possible measurement set corresponding to the signal.
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Description

BACKGROUND

1. Technical Field

[0001] The present disclosure relates to a resolution
control apparatus and a resolution control method, and,
more particularly, to a resolution control apparatus and
a resolution control method that are capable of controlling
a resolution of an analog-digital converter (ADC) of a
micro control unit (MCU).

2. Description of the Related Art

[0002] With the advance in switch element technology,
rated capacity is increasing, and in turn types of electronic
apparatuses that use high voltage/high electric current
are increasing.
[0003] In order to control a voltage/electric current that
drives these electronic apparatuses, a wide range of volt-
age measurement has to be used. However, when a
range of voltage measurement is decreased to a voltage
level that is used in an ADC of an MCU, the precision of
a measurement value is decreased.
[0004] In addition, in a case where noise occurs, this
is erroneously recognized as a great change. Thus, when
an error occurs, a position of a rotor is erroneously esti-
mated, and control is erroneously performed. As a result,
a motor can be stopped.
[0005] In the related art, in order to solve this problem,
a resolution is controlled using a thermistor. However, to
do this, an electric-current source circuit is necessary to
make a temperature of the thermistor variable. Thus,
there occurs a problem in that the cost of manufacturing
a product increases and the volume of a product increas-
es.
[0006] In addition, there is a problem in that a loss in-
creases because an electric current for maintaining a size
of a resistor has to be supplied.
[0007] In addition, there is a problem in that an error
occurs in the thermistor.

[Prior Art Document]

[Patent Document]

[0008] (Patent Document 1) KR2016-0064208 A

SUMMARY

[0009] An object of the present disclosure is to provide
an embodiment that, while retaining a wide range of
measurement, is capable of making a range of measure-
ment variable by controlling a variable resistor.
[0010] Another object of the present disclosure is to
provide an embodiment that is capable of improving a
resolution using a variable resistor without an additional

circuit.
[0011] Still another object of the present disclosure is
to provide an embodiment that is capable of setting a
desired resolution regardless of outside temperature us-
ing an element that is not influenced by the outside tem-
perature.
[0012] Still another object of the present disclosure is
to provide an embodiment that is capable of setting var-
ious resolutions according to a position of a variable re-
sistor without making an amendment to a design of a
sensing circuit.
[0013] Still another object of the present disclosure is
to provide an embodiment that, while retaining a wide
range of resistor measurement, is capable of improving
a resolution and thus improving performance at a low
speed/load.
[0014] Technical problems that the present disclosure
attempts to solve are not limited to the technical problems
described above. From the detailed description of the
embodiments, other technical problems that are not men-
tioned would be apparent to a person of ordinary skill in
the art.
[0015] According to an aspect of the present disclo-
sure, there is provided a control apparatus that controls
a resolution according to a signal of a motor, the appa-
ratus comprising a measurement unit configured to
measure a voltage and an electric current of the signal,
an amplification unit comprising a first variable resistor,
and a micro control unit (MCU) comprising a first lookup
table, a second lookup table, and a third lookup table.
The amplification unit may be configured to amplify the
signal according to a first gain corresponding to a resist-
ance value of the first variable resistor, and generate an
output signal. The MCU may be configured to set the
resolution corresponding to the electric current according
to the first lookup table, divide the signal according to the
resolution, generate the output signal, set a measure-
ment range corresponding to a first gain, and, according
to the signal, control the resistance value such that the
first gain is equal to a second gain. The MCU may be
further configured to control the resistance value accord-
ing to a comparison between the set measurement range
and a range of possible measurement. The set meas-
urement range may comprise a range of voltages that
are proportional to a magnitude of the gain and are meas-
urable in the measurement unit, and the range of possible
measurement may comprise a range that, according to
the second lookup table, is set in a manner that corre-
sponds to the signal.
[0016] In the control apparatus, the MCU may be fur-
ther configured to control the resistance value according
to the comparison such that the first gain is equal to the
second gain.
[0017] In the control apparatus, the MCU may be fur-
ther configured to control the resistance value such that
the first gain is equal to the second gain, when the set
measurement range is within the range of possible meas-
urement.
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[0018] In the control apparatus, the MCU may be fur-
ther configured to control the resistance value such that
the second gain is lower than the first gain, when the set
measurement range is broader than the range of possible
measurement.
[0019] In the control apparatus, the MCU may be fur-
ther configured to control the resistance value such that
the second gain higher than the first gain, when the set
measurement range is narrower than the range of pos-
sible measurement.
[0020] In the control apparatus, the MCU may be fur-
ther configured to determine whether a load connected
to the motor is a first load and control the resistance value
such that the second gain is lower than the first gain,
when the set measurement range is broader than the
range of possible measurement.
[0021] In the control apparatus, the MCU may be fur-
ther configured to determine whether the load connected
to the motor is a second load and control the resistance
value such that the second gain is higher than the first
gain, when the set measurement range is narrower than
the range of possible measurement.
[0022] In the control apparatus, the first load may be
higher than the second load.
[0023] In the control apparatus, voltages of the signal
may comprise a first voltage and a second voltage. The
amplification unit may be further configured to generate
a first output voltage corresponding to the first voltage
and generate a second output voltage corresponding to
the second voltage. The MCU may be further configured
to set a first offset voltage and a current offset voltage,
corresponding to a voltage of the signal, using the third
lookup table, set a first measurement position corre-
sponding to the voltage of the signal, and set a second
offset based on a comparison between the first offset
voltage and the current offset voltage.
[0024] In the control apparatus, the amplification may
further comprise a second variable resistor, and the sec-
ond offset may correspond to a resistor value of the sec-
ond variable resistor.
[0025] In the control apparatus, the MCU may be fur-
ther configured to set a second offset voltage equal to
the first offset value and set a first section as a first meas-
urement position in a manner that corresponds to the
second offset, when the current offset voltage is equal
to the first offset voltage. The first section may be be-
tween the first voltage and the second voltage.
[0026] In the control apparatus, the MCU may be fur-
ther configured to set the second offset voltage higher
than the first offset voltage and set a second section as
a second measurement position in such a manner as to
correspond to the second offset voltage, when the current
offset voltage is higher than the first offset voltage. The
amplification unit may be further configured to generate
the first output voltage corresponding to a third voltage
and generate the second output voltage corresponding
to a fourth voltage. The second section may be between
the third voltage and the fourth voltage and the third volt-

age, and the fourth voltage may be higher than the first
voltage and the second voltage.
[0027] In the control apparatus, the MCU may be fur-
ther configured to set the second offset voltage lower
than the first offset voltage and set a third section as a
third measurement position in such a manner as to cor-
respond to the second offset voltage, when the current
offset voltage is lower than the first offset voltage. The
amplification unit may be further configured to generate
the first output voltage corresponding to a fifth voltage
and generate the second output voltage corresponding
to a sixth voltage. The third section may be between the
fifth voltage and the sixth voltage, and the fifth voltage
and the sixth voltage may be lower than the first voltage
and the second voltage.
[0028] According to an embodiment of the present dis-
closure, an advantage is provided in which, although a
wide range of measurement is retained, a variable resis-
tor can be made available by controlling a variable resis-
tor.
[0029] In addition, according to an embodiment, an ad-
vantage is provided in which a resolution can be improved
using a variable resistor without an additional circuit.
[0030] In addition, according to an embodiment, an ad-
vantage is provided in which a desired resolution can be
set regardless of outside temperature using an element
that is not influenced by the outside temperature.
[0031] In addition, according to an embodiment, an ad-
vantage is provided in which various resolutions can be
set according to a position of a variable resistor without
making an amendment to a design of a sensing circuit.
[0032] In addition, according to an embodiment, an ad-
vantage is provided in which, although a wide range of
resistor measurement is retained, a resolution can be
provided, thereby improving performance at a low
speed/load.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033]

FIG. 1 is a block diagram illustrating a configuration
of a resolution control apparatus according to an em-
bodiment of the present disclosure.
FIG. 2A is a diagram illustrating a first amplifier ac-
cording to an embodiment of the present disclosure.
FIG. 2B is a diagram illustrating a second amplifier
according to an embodiment of the present disclo-
sure.
FIG. 2C is a diagram illustrating a third amplifier ac-
cording to an embodiment of the present disclosure.
FIG. 2D is a diagram illustrating a fourth amplifier
according to an embodiment of the present disclo-
sure.
FIG. 3 is a diagram illustrating a wide range of meas-
urement according to an embodiment of the present
disclosure.
FIG. 4A is a diagram illustrating a measurement po-
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sition according to an embodiment of the present
disclosure.
FIG. 4B is a diagram illustrating a measurement po-
sition according to an embodiment of the present
disclosure.
FIG. 4C is a diagram illustrating a measurement po-
sition according to an embodiment of the present
disclosure.
FIG. 5A is a graph illustrating an advantage provided
by a resolution control apparatus according to an
embodiment of the present disclosure.
FIG. 5B is another graph illustrating an advantage
provided by a resolution control apparatus according
to an embodiment of the present disclosure.
FIG. 6 is a flowchart illustrating a resolution control
method according to an embodiment of the present
disclosure.
FIG. 7 is a flowchart illustrating a gain control method
according to the embodiment of the present disclo-
sure.
FIG. 8 is a flowchart illustrating a measurement po-
sition control method according to the embodiment
of the present disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0034] Description will now be given in detail according
to exemplary embodiments disclosed herein, with refer-
ence to the accompanying drawings. For the sake of brief
description with reference to the drawings, the same or
equivalent components may be provided with the same
or similar reference numbers, and description thereof will
not be repeated. In general, a suffix such as "module"
and "unit" may be used to refer to elements or compo-
nents. Use of such a suffix herein is merely intended to
facilitate description of the specification, and the suffix
itself is not intended to give any special meaning or func-
tion. In the present disclosure, that which is well-known
to one of ordinary skill in the relevant art has generally
been omitted for the sake of brevity. The accompanying
drawings are used to help easily understand various
technical features and it should be understood that the
embodiments presented herein are not limited by the ac-
companying drawings. As such, the present disclosure
should be construed to extend to any alterations, equiv-
alents and substitutes in addition to those which are par-
ticularly set out in the accompanying drawings.
[0035] It will be understood that although the terms
first, second, etc. may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are generally only used to distinguish
one element from another.
[0036] It will be understood that when an element is
referred to as being "connected with" another element,
the element can be connected with the other element or
intervening elements may also be present. In contrast,
when an element is referred to as being "directly con-
nected with" another element, there are no intervening

elements present.
[0037] A singular representation may include a plural
representation unless it represents a definitely different
meaning from the context.
[0038] Terms such as "include" or "has" are used here-
in and should be understood that they are intended to
indicate an existence of several components, functions
or steps, disclosed in the specification, and it is also un-
derstood that greater or fewer components, functions, or
steps may likewise be utilized.
[0039] A resolution control apparatus 1 according to
an embodiment will be described below with reference
to FIG. 1.
[0040] FIG. 1 is a block diagram illustrating a configu-
ration of the resolution control apparatus 1 according to
the embodiment of the present disclosure.
[0041] With reference to FIG. 1, the resolution control
apparatus 1 according to the embodiment may comprise
a measurement unit 10, an amplification unit 20, and an
MCU 30.
[0042] The measurement unit 10 may be connected to
an inverter (not illustrated) and/or a battery (not illustrat-
ed). The measurement unit 10 may measure an input
signal. The input signal may be a signal that is input into
the inverter in order to drive a motor. Input signals may
comprise an electric current and a voltage. The voltage
may be a DC link voltage of the inverter, but the embod-
iment is not limited to this.
[0043] The inverter may be included in an electronic
apparatus (for example, a motor-driven compressor, or
the like) that may comprise a power conversion appara-
tus and a motor (not illustrated). The inverter may drive
the motor under the control of the MCU 30.
[0044] The amplification unit 20 may comprise variable
resistors R1 to R4 (refer to FIGS. 2A to 2D) a resistance
value of each varies according to a resistor control signal
S (hereinafter referred to as a control signal) of the MCU
30, and may have gains that correspond to the resistance
values of the variable resistors R1 to R4, respectively.
The amplification unit 20 may amplify the input signal
according to this gain and generate an output signal hav-
ing an output voltage Vo (refer to FIG. 2A).
[0045] The amplification unit 20 may comprise a first
amplifier 21 (refer to FIG. 2A) to a fourth amplifier 24
(refer to FIG. 2D). A specific configuration of the ampli-
fication unit 20 will be described below.
[0046] An input signal of the measurement unit 10 may
be input into the MCU 30. The MCU 30 may generate
the control signal S in such a manner that the resistance
value of each of the multiple variable resistors included
in the amplification unit 20 can be controlled, on the basis
of a voltage Vi (hereinafter referred to as an input voltage)
of the input signal and an electric current I (hereinafter
referred to as an input electric current) of the input signal.
[0047] The MCU 30 may analyze the input signal ac-
cording to a given resolution. The MCU 30 may estimate
a position of a rotor of a motor (not illustrated) according
to a result of the analysis and control an apparatus in

5 6 



EP 3 767 827 A1

5

5

10

15

20

25

30

35

40

45

50

55

which the motor is included, in a manner that corresponds
to the estimated position of the rotor.
[0048] Specifically, the MCU 30 may comprise an ADC
31 and a controller 32.
[0049] The ADC 31 may divide the input voltage Vi
according to the given resolution for conversion into a
digital signal that is represented as a code.
[0050] For example, in a case where a resolution is 10
bits in length, the ADC 31 may divide the input voltage
Vi by 210 for conversion into a digital signal. In a case
where a resolution is 12 bits in length, the ADC 31 may
divide the input voltage Vi by 212 for the conversion into
a digital signal.
[0051] At this time, this resolution may indicate the
number of bits of a signal that is output by the ADC 31.
The highest-level bit may be a most significant bit (MSB),
and the lowest-level bit may be a least significant bit
(LSB). A resolution may be 10 bits, 12 bits, or 16 bits,
but the embodiment is not limited to this.
[0052] For example, a range of operating voltages of
the ADC 31 may be from 0 V to 5 V, and if the degree of
resolution is 8 bits, a voltage resolution for 1 LSB may
be 5 V/(28) = 0.0195 V. That is, in this ADC, 1 LSB may
mean 19.5 mV.
[0053] The higher the resolution for the ADC 31, the
smaller voltages the input voltage Vi to be input into the
controller 32 may be divided into. Although the same level
of resolution is retained, the degree of the voltage for one
bit (1 LSB) at the lowest level may differ according to the
range of the operating voltages of the ADC 31. Therefore,
the controller 32 may precisely control the motor accord-
ing to the resolution for the ADC 31.
[0054] According to the embodiment, the input signal
may be a signal that drives the motor, but the embodiment
is not limited to this.
[0055] According to a magnitude of the input electric
current i from the measurement unit 10, the controller 32
may generate the control signal S in such a manner that
a range of voltages that are measurable in the measure-
ment unit 10 (hereinafter referred to as a measurement
range) is set. That is, according to the magnitude of the
input electric current i, the controller 32 may decide a
magnitude of a load and generate the control signal S in
such a manner that a gain of the amplification unit 20 is
changed. The operating voltage of the ADC 31 may be
controlled according to the control signal S, and thus the
measurement range may be set.
[0056] A specific method of setting the measurement
range will be described below.
[0057] The controller 32 may control an offset voltage
of the amplifier 20 according to the magnitude of the input
voltage Vi and thus may set a measurement position of
a voltage that is measured in the measurement unit 10
(hereinafter referred to as a measurement position). The
controller 32 may generate the control signal S according
to the magnitude of the input voltage Vi in such a manner
that the offset voltage of the amplification unit 20 is con-
trolled. A specific method of setting the measurement

position will be described below.
[0058] An amplification unit according to an embodi-
ment will be described with reference to FIGS. 2A to 2D.
[0059] FIG. 2A is a diagram illustrating a first amplifier
according to an embodiment of the present disclosure.
[0060] With reference to FIG. 2A, a first amplifier 21
according to the embodiment may comprise an input ter-
minal IN, a first resistor R1, a second resistor R2, an OP
amp a, and an output terminal OUT. The first amplifier
21 may amplify the input voltage Vi of the input terminal
IN according to a gain Av that is decided by the first re-
sistor R1 and the second resistor R2, and may output
the output voltage Vo to the output terminal OUT.
[0061] The input voltage Vi may be input from the
measurement unit 10 into the input terminal IN.
[0062] The first resistor R1 may be connected between
the input terminal IN and an inversion input terminal (-)
of the OP amp a.
[0063] The second resistor R2 may be connected be-
tween the output terminal OUT and the inversion input
terminal (-) of the OP amp a. The second resistor R2 may
be a variable resistor of which a resistance value varies
according to the control signal S.
[0064] The variable resistors R1 to R4 may be digital
variable resistors (digital potentiometers (DigiPOT)), but
the embodiment is not limited to this.
[0065] The OP AMP a may amplify a voltage to be input
into the inversion input terminal (-), according to the gain
Av that corresponds to a resistance value of the first re-
sistor R1 and a resistance value of the second resistor
R2, and may output the output voltage Vo.
[0066] The output voltage Vo of the OP amp a may be
decided by the following equation 1.

[0067] In Equation 1, R1 may be the resistance value
of the first resistor R1, and R2 may be the resistance
value of the second resistor R2.
[0068] The controller 32 may change the resistance
value R2 according to the control signal S, and thus may
control the gain Av and control a voltage to be applied to
the MCU according to the controlled gain Av, thereby
setting a measurement range R (refer to FIG. 3). A spe-
cific method of setting the measurement range R will be
described below.
[0069] FIG. 2B is a diagram illustrating a second am-
plifier according to an embodiment of the present disclo-
sure.
[0070] With reference to FIG. 2B, a second amplifier
22 according to the embodiment may comprise an input
terminal IN, a first resistor R1, a second resistor R2, an
OP amp a, and an output terminal OUT. The second am-
plifier 22 may amplify the input voltage Vi of the input
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terminal IN according to a gain Av that is decided by the
first resistor R1 and the second resistor R2, and thus may
output the output voltage Vo to the output terminal OUT.
[0071] A difference with the first amplifier 21 in FIG. 2A
is that the first resistor R1 may be a variable resistor of
which a resistance value varies according to the control
signal S and that the second resistor R2 may not be a
variable resistor. Except for this, the second amplifier 22
may be the same in configuration as the first amplifier
21. Thus, a detailed description thereof is omitted.
[0072] FIG. 2C is a diagram illustrating a third amplifier
according to an embodiment of the present disclosure.
[0073] With reference to FIG. 2C, a third amplifier 23
according to the embodiment may comprise an input ter-
minal IN, a first resistor R1, a second resistor R2, a third
resistor R3, a fourth resistor R4, an OP amp a, an offset
power supply Vos, and an output terminal OUT.
[0074] The input voltage Vi may be input from the
measurement unit 10 into the input terminal IN.
[0075] The first resistor R1 may be connected between
the input terminal IN and an inversion input terminal (-)
of the OP amp a.
[0076] The second resistor R2 may be connected be-
tween the output terminal OUT and the inversion input
terminal (-) of the OP amp a.
[0077] The third resistor R3 may be connected be-
tween the offset power supply Vos and a non-inversion
input terminal (+) of the offset power supply Vos. The
third resistor R3 may be a variable resistor of which a
resistance value varies according to the control signal S.
[0078] The fourth resistor R4 may be connected be-
tween the non-inversion terminal (+) and ground.
[0079] The offset power supply Vos may be connected
between the non-inversion terminal (+) and ground and
may apply the offset power supply Vos to the OP amp a.
[0080] A connection may be made between the output
terminal OUT and the inversion input terminal (-) of the
OP amp a.
[0081] The third amplifier 23 may amplify the input volt-
age Vi of the input terminal IN according to a gain that is
decided by the resistance value of the first resistor R1 to
a resistance value of the fourth resistor R4 and an offset
voltage of the offset power supply Vos, and may output
the output voltage Vo to the output terminal OUT.
[0082] FIG. 2D is a diagram illustrating a fourth ampli-
fier according to an embodiment of the present disclo-
sure.
[0083] With reference to FIG. 2D, a fourth amplifier 24
according to the embodiment may comprise an input ter-
minal IN, a first resistor R1, a second resistor R2, a third
resistor R3, a fourth resistor R4, an OP amp a, an offset
power supply Vos, and an output terminal OUT.
[0084] A difference with the third amplifier 23 in FIG.
2C is that the fourth resistor R4 may be a variable resistor
of which a resistance value varies according to the control
signal S and that the first resistor R1 to the third resistor
R2 may not be variable resistors. Except for this, the
fourth amplifier 22 may be the same in configuration as

the third amplifier 23. Thus, a detailed description thereof
is omitted.
[0085] The fourth amplifier 24 may amplify the input
voltage Vi of the input terminal IN according to a gain that
is decided by the resistance value of the first resistor R1
to the resistance value of the fourth resistor R4 and a
voltage (hereinafter referred to as an offset value) of the
offset power supply Vos, and may output the output volt-
age Vo to the output terminal OUT.
[0086] A method in which the MCU 30 according to an
embodiment sets the measurement range R will be de-
scribed below with reference to FIG. 3.
[0087] FIG. 3 is a diagram illustrating a measurement
range R according to an embodiment of the present dis-
closure.
[0088] The controller 32 may set the measurement
range R of the measurement unit 10 using the input elec-
tric current/the input voltage, set a first resolution for the
ADC 31, and then generate the control signal S that con-
trols an output voltage of the amplification unit 20.
[0089] With reference to FIG. 3, according to the mag-
nitude of the input electric current i from the measurement
unit 10, the controller 32 may set the measurement range
R corresponding to the range of the operating voltages
of the ADC 31.
[0090] For example, in a case where the operating volt-
age of the ADC 31 ranges from 0 V to 3.3 V and where
the output voltage Vo of the amplification unit 20 ranges
from a minimum voltage MIN (for example, 0 V) to a max-
imum voltage MAX (for example, 5 V), the controller 32
may set the measurement range R to range from a first
output voltage (for example, 0 V) to a second output volt-
age (for example, 3.3 V), according to the magnitude of
the input electric current i.
[0091] The controller 32 may comprise a first lookup
table(lookup table), a second lookup table, and a third
lookup table. With reference to the first lookup table, the
controller 32 may set the first resolution corresponding
to the input electric current. The first resolution may be
10 bits, 12 bits, or 16 bits, but the embodiment is not
limited to this.
[0092] The controller 32 may decide a magnitude of a
load connected to a motor, according to a magnitude of
the input electric current, and may generate the control
signal S according to the magnitude of the input electric
current i in such a manner that the output voltage Vo of
the amplification unit 20 is controlled.
[0093] For example, the controller 32 may determine
whether or not the measurement range R that is set is
within a given range of possible measurement (herein-
after referred to as a range of possible measurement).
The range of possible measurement may be a range that
is decided by looking up the input signal in the second
lookup table.
[0094] As a result of the determination, the controller
32 may change the resistance values of the first resistor
R1 and/or the second resistor R2 of the amplification unit
20 according to the control signal S and thus set a second
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resolution for the ADC 31. The controller 32 may generate
the control signal S in such a manner that the output
voltage of the amplification unit 20 is controlled in a man-
ner that corresponds to the second resolution that is set.
[0095] Specifically, in a case where the measurement
range R is included in the range of possible measure-
ment, the controller 32 may generate the control signal
S in such a manner that the gain of the amplification unit
20 is maintained, and set a resolution that is the same
as the first resolution, as the second resolution.
[0096] In a case where the measurement range R ex-
ceeds the range of possible measurement (for example,
in a case where the input electric current i from the meas-
urement unit 10 exceeds a given reference electric cur-
rent), the controller 32 may determine that the load con-
nected to the motor is an excessive load, and may gen-
erate the control signal S in such a manner that the gain
of the amplification unit 20 is scaled down. Therefore,
the second resolution may be scaled down to be lower
than the first resolution.
[0097] In a case where the measurement range R does
not exceed the range of possible measurement (for ex-
ample, in a case where the input electric current i from
the measurement unit 10 is smaller than a given refer-
ence electric current), the controller 32 may determine
that load connected to the motor is a low load, and may
generate the control signal S in such a manner that the
gain of the amplifier is scaled up. Therefore, the second
resolution may be scaled up to be higher than the first
resolution.
[0098] Therefore, in a case where a low load is con-
nected to the motor, a high resolution may also be pos-
sible for a small change in electric current, and thus a
position of a rotor of the motor may be measured pre-
cisely.
[0099] A method in which the MCU 30 according to the
embodiment controls a measurement position will be de-
scribed below with reference to FIGS. 4A to 4C.
[0100] FIG. 4A is a diagram illustrating a measurement
position according to an embodiment of the present dis-
closure.
[0101] FIG. 4B is a diagram illustrating a measurement
position according to an embodiment of the present dis-
closure.
[0102] FIG. 4C is a diagram illustrating a measurement
position according to an embodiment of the present dis-
closure.
[0103] As described with reference to FIG. 3, with ref-
erence to the first lookup table, the controller 32 may set
the first resolution corresponding to the input electric cur-
rent.
[0104] The controller 32 may set the measurement
range R according to the magnitude of the input voltage
and may generate the control signal S according to the
magnitude of the input electric current in such a manner
that the output voltage Vo of the amplification unit 20 is
controlled.
[0105] The measurement range R may be a range of

voltages that correspond to the range of the operating
voltages of the ADC 31, but the embodiment is not limited
to this.
[0106] Specifically, according to a section of the input
voltage Vi, the controller 32 may determine whether or
not the measurement range R that is set is within the
range of possible measurement. The controller 32 may
generate the control signal S in such a manner that re-
sistance values of the third resistor R3 and/or the fourth
resistor R4 of the amplification unit 20 are changed.
[0107] With reference to the third lookup table, the con-
troller 32 may set a first offset corresponding to the input
voltage Vi. The amplification unit 20 may generate the
output voltage Vo corresponding to the first offset.
[0108] As illustrated in FIG. 4A, with reference to the
third lookup table, the controller 32 may set a current
offset corresponding to a current input voltage Vi. The
controller 32 may compare the first offset and the current
offset, and, in a case where the first offset is the same
as the current offset, may generate the control signal S
in such a manner as to be the same as the first offset.
[0109] The controller 32 may set a first section S1 in
which the current input voltage Vi is included, as a first
measurement position. That is, in a case where the cur-
rent input voltage Vi lies between a first voltage V1 and
a second voltage V2, the controller 32 may set the first
section S1 as the first measurement position in such a
manner as to correspond to the second offset.
[0110] For example, the first section S1 may be a volt-
age section between a minimum voltage MIN (0 V) of the
input voltage Vi and a maximum voltage MAX of the input
voltage Vi. Therefore, the first section S1 may be a sec-
tion that corresponds to the middle portion of a range of
the input voltages Vi.
[0111] The controller 32 may generate the control sig-
nal S in such a manner that the amplification unit 20 out-
puts the first output voltage (for example, 0 V) in a manner
that corresponds to the first voltage V1 and that the am-
plification unit 20 outputs the second output voltage (for
example, 3.3 V) in a manner that corresponds to the sec-
ond voltage V2.
[0112] As illustrated in FIG. 4B, with reference to the
third lookup table, the controller 32 may set the current
offset corresponding to the current input voltage Vi. The
controller 32 may compare the first offset and the current
offset, and, in a case where the current offset is higher
than the first offset, may generate the control signal S in
such a manner that the second offset is higher than the
first offset.
[0113] The controller 32 may set a second section S2
as a second measurement position, in a manner that cor-
responds to the second offset. The controller 32 may set
the second measurement position to be between a third
voltage V3 and a fourth voltage V4.
[0114] The second section S2 may have a higher volt-
age range than the first section S1 and may be a section
that corresponds to an upper portion of the range of the
input voltages Vi. Therefore, in the input voltage Vi, the
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second section S2 may lie between the second voltage
V2 and the maximum voltage MAX of the input voltage
Vi. The fourth voltage V4 may be included in the meas-
urement range R, but the embodiment is not limited to
this.
[0115] The controller 32 may generate the control sig-
nal S in such a manner that the amplification unit 20 out-
puts the first output voltage (for example, 0 V) in a manner
that corresponds to the third voltage V3 and that the am-
plification unit 20 outputs the second output voltage (for
example, 3.3 V) in a manner that corresponds to the
fourth voltage V4.
[0116] As illustrated in FIG. 4C, the current offset cor-
responding to the current input voltage Vi may be set with
reference to the third lookup table. The controller 32 may
compare the first offset and the current offset, and, in a
case where the current offset is lower than the first offset,
may generate the control signal S in such a manner that
the second offset is lower than the first offset.
[0117] The controller 32 may set a third section S3 as
a third measurement position, in a manner that corre-
sponds to the second offset. The third section S3 may
be a voltage section between a fifth voltage V5 and a
sixth voltage V6. The third section S3 may have a nar-
rower voltage range than the first section S1 and may be
a section that corresponds to a lower portion of the range
of the input voltages Vi.
[0118] The controller 32 may generate the control sig-
nal S in such a manner that the amplification unit 20 out-
puts the first output voltage (for example, 0 V) in a manner
that corresponds to the fifth voltage V5 and that the am-
plification unit 20 outputs the second output voltage (for
example, 3.3 V) in a manner that corresponds to the sixth
voltage V6.
[0119] An advantage provided by the resolution control
apparatus 1 according to the embodiment will be de-
scribed below with reference to FIGS. 5A and 5B.
[0120] FIGS. 5A and 5B are graphs each illustrating
the advantage provided by the resolution control appa-
ratus 1 according to the embodiment of the present dis-
closure.
[0121] In FIG. 5A, the MCU 30 may set a measurement
range corresponding to a case where the input electric
current i ranges from -70 A to 70A. A measurement error
in measurement unit 10 according to the embodiment is
illustrated in a manner that is compared with an existing
measurement error.
[0122] In addition, from FIG. 5B, it can be seen that
the measurement error in the resolution control appara-
tus 1 according to the embodiment may converge to zero
in the measurement range in FIG. 5A.
[0123] In the related art, in a case where the input elec-
tric current i ranges from -70 A to 70 A, the precision per
one bit in the MCU 30 is 0.137 A.
[0124] On the other hand, even in a case where the
input electric current i ranges from -35 A to 35 A, the
precision per one in the MCU 30 may be 0.068 A.
[0125] Therefore, in the resolution control apparatus 1

according to the embodiment, even in a narrow range of
the input electric currents i, the measurement error may
be reduced to half the measurement error in the related
art and the precision of measurement may be improved
to two times the precision of measurement in the related
art.
[0126] A resolution control method according to an em-
bodiment will be described below with reference to FIG. 6.
[0127] FIG. 6 is a flowchart illustrating the resolution
control method according to the embodiment of the
present disclosure.
[0128] With reference to FIG. 6, in Step S10, the meas-
urement unit 10 may measure an electric current and a
voltage, and may transfer the measured electric current
i and the measured voltage Vi to the MCU 30 and the
amplification unit 20.
[0129] In Step S20, the controller 32 may set the meas-
urement range according to the magnitude of the input
electric current i from the measurement unit 10, and, with
reference to the first lookup table, may set the first res-
olution corresponding to the input electric current.
[0130] In Step S30, the controller 32 may decide a
magnitude of a load according to the magnitude of the
input electric current i, control the resistance values of
the variable resistors R1 and R2 using the control signal
S, and thus control the gain of the amplification unit 20.
The controller 32 may control the resistance values of
the variable resistors R3 and R4 using the control signal
S, according to the magnitude of the input voltage Vi, and
thus control the measurement position.
[0131] In Step S40, the ADC 31 may convert an analog
signal, which is input according to the decided resolution,
into a digital signal.
[0132] In Step S50, the MCU 30 may analyze the digital
signal that is input, according to the decided resolution.
The MCU 30 may estimate a position of a rotor of a motor
(not illustrated) according to a result of the analysis and
control an apparatus in which the motor is included, in a
manner that corresponds to the estimated position of the
rotor.
[0133] A method of controlling the gain of the amplifi-
cation unit 20 and controlling the measurement position
according to the embodiment, will be described below
with reference to FIG. 7.
[0134] FIG. 7 is a flowchart illustrating a gain control
method according to the embodiment of the present dis-
closure.
[0135] In Step S11, the measurement unit 10 may
measure an electric current and transfer the measured
electric current i to the MCU 30 and the amplification unit
20.
[0136] In Step S20, the controller 32 may set the meas-
urement range according to the magnitude of the input
electric current i from the measurement unit 10, and, with
reference to the first lookup table, may set the first res-
olution corresponding to the input electric current.
[0137] In Step S301, the controller 32 may determine
whether or not the measurement range R that is set is
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within the range of possible measurement.
[0138] In Step S302, in a case where the measurement
range R is included in the range of possible measure-
ment, the controller 32 may maintain the gain of the am-
plification unit 20.
[0139] In Step S303, in a case where the measurement
range R that is set is not within the range of possible
measurement, the controller 32 may determine whether
or not the measurement range R exceeds the range of
possible measurement.
[0140] In Step S304, in a case where the measurement
range R exceeds the range of possible measurement,
the controller 32 may determine that the load connected
to the motor is an excessive load, generate the control
signal S, and thus perform control in such a manner that
the gain of the amplification unit 20 is scaled down.
[0141] In Step S305, in a case where the measurement
range R that is set does not exceed the range of possible
measurement, the controller 32 determine that the load
connected to the motor is a low load, generate the control
signal S, and thus perform control in such a manner that
the gain of the amplification unit 20 is scaled up.
[0142] In Step S306, in a case where the measurement
range R that is set is included in the range of possible
measurement, the controller 32 may set a resolution,
which is the same as the first resolution, as the second
resolution. In a case where the measurement range R
that is set exceeds the range of possible measurement,
the controller 32 may set the second resolution that is
scaled down to be lower than the first resolution. In a
case where the measurement range R that is set does
not exceed the range of possible measurement, the con-
troller 32 may set the second resolution that is scaled up
to be higher than the first resolution.
[0143] In Step S40, the ADC 31 may convert an analog
signal, which is input according to the decided resolution,
into a digital signal.
[0144] In Step S50, the MCU 30 may analyze the digital
signal that is input, according to the decided resolution.
The MCU 30 may estimate a position of a rotor of a motor
according to a result of the analysis and control the motor
in a manner that corresponds to the estimated position
of the rotor.
[0145] A measurement position control method ac-
cording to the embodiment will be described below with
reference to FIG. 8.
[0146] FIG. 8 is a flowchart illustrating the measure-
ment position control method according to the embodi-
ment of the present disclosure.
[0147] In Step S12, the measurement unit 10 may
measure a voltage and transfer the measured voltage
(Vi) to the MCU 30 and the amplification unit 20.
[0148] In Step S20, the controller 32 may set the meas-
urement range R according to the magnitude of the input
electric current i from the measurement unit 10, and, with
reference to the first lookup table, set the first resolution
corresponding to the input electric current.
[0149] In Step S307, with reference to the third lookup

table, the controller 32 may set the first offset correspond-
ing to the input voltage Vi.
[0150] In Step S308, with reference to the third lookup
table, the controller 32 may set the current offset corre-
sponding to the current input voltage Vi. The controller
32 may set a first section S1 in which the current input
voltage Vi is included, as a first measurement position,
[0151] The controller 32 may compare the first offset
and the current offset.
[0152] In Step S309, in a case where the first offset is
the same as the current offset, the controller 32 may set
the second offset in such a manner as to be the same
as the first offset.
[0153] In Step S310, with reference to the third lookup
table, the controller 32 may set the current offset corre-
sponding to the current input voltage Vi. The controller
32 may determine whether or not the first offset exceeds
the current offset.
[0154] In Step S311, in a case where the current offset
is higher than the first offset, the controller 32 may gen-
erate the control signal S in such a manner that the sec-
ond offset is higher than the first offset. The controller 32
may set the second section S2 as the second measure-
ment position, in a manner that corresponds to the sec-
ond offset.
[0155] In Step S312, the controller 32 may compare
the first offset and the current offset, and, in the case
where the current offset is lower than the first offset, may
generate the control signal S in such a manner that the
second offset is lower than the first offset. The controller
32 may set the third section S3 as the third measurement
position, in a manner that corresponds to the second off-
set.
[0156] In Step S40, the ADC 31 may convert an analog
signal, which is input according to the decided resolution,
into a digital signal. In Step S50, the MCU 30 may analyze
the digital signal that is input, according to the decided
resolution. The MCU 30 may estimate a position of a
rotor of a motor (not illustrated) according to a result of
the analysis and control an apparatus in which the motor
is included, in a manner that corresponds to the estimated
position of the rotor.
[0157] Although the embodiment of the present disclo-
sure has been described in detail, the rights scope of the
present disclosure is not limited to the embodiments and
various modifications and improvements thereto made
by those skilled in the art using the basic concept of the
present disclosure as defined in the accompanying
claims will fall in the rights scope of the disclosure. Ac-
cordingly, the detailed description thereof should not be
construed as restrictive in all aspects but considered as
illustrative. The scope of the disclosure should be deter-
mined by reasonable interpretation of the appended
claims and all changes that come within the equivalent
scope of the disclosure are included in the scope of the
disclosure.
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Claims

1. A control apparatus (1) for controlling a resolution
according to a signal of a motor, the apparatus (1)
comprising:

a measurement unit (10) configured to measure
a voltage and an electric current of the signal;
an amplification unit (20) comprising a first var-
iable resistor (R1), the amplification unit (20)
configured to:

amplify the signal according to a first gain
corresponding to a resistance value of the
first variable resistor (R1); and
generate an output signal; and

a micro control unit, MCU, (30) comprising a first
lookup table, a second lookup table, and a third
lookup table, the MCU (30) configured to:

set the resolution corresponding to the elec-
tric current according to the first lookup ta-
ble;
divide the signal according to the resolution;
generate the output signal;
set a measurement range corresponding to
a first gain; and
according to the signal, control the resist-
ance value such that the first gain is equal
to a second gain,

wherein the MCU (30) is further configured to
control the resistance value according to a com-
parison between the set measurement range
and a range of possible measurement, and
wherein the set measurement range comprises
a range of voltages that are proportional to a
magnitude of the gain and are measurable in
the measurement unit (10), and the range of
possible measurement comprises a range that,
according to the second lookup table, is set in a
manner that corresponds to the signal.

2. The control apparatus (1) of claim 1,
wherein the MCU (30) is further configured to control
the resistance value according to the comparison
such that the first gain is equal to the second gain.

3. The control apparatus (1) of claim 1 or 2,
wherein the MCU (30) is further configured to control
the resistance value such that the first gain is equal
to the second gain, when the set measurement range
is within the range of possible measurement.

4. The control apparatus (1) of any one of claims 1 to 3,
wherein the MCU (30) is further configured to control
the resistance value such that the second gain is

lower than the first gain, when the set measurement
range is broader than the range of possible meas-
urement.

5. The control apparatus (1) of any one of claims 1 to 4,
wherein the MCU (30) is further configured to control
the resistance value such that the second gain is
higher than the first gain, when the set measurement
range is narrower than the range of possible meas-
urement.

6. The control apparatus (1) of any one of claims 1 to 5,
wherein the MCU (30) is further configured to:

determine whether a load connected to the mo-
tor is a first load; and
control the resistance value such that the sec-
ond gain is lower than the first gain, when the
set measurement range is broader than the
range of possible measurement.

7. The control apparatus (1) of any one of claims 1 to 6,
wherein the MCU (30) is further configured to:

determine whether the load connected to the
motor is a second load; and
control the resistance value such that the sec-
ond gain is higher than the first gain, when the
set measurement range is narrower than the
range of possible measurement.

8. The control apparatus (1) of any one of claims 1 to 7,
wherein the first load is higher than the second load.

9. The control apparatus (1) of any one of claims 1 to 8,
wherein voltages of the signal comprise a first volt-
age and a second voltage,
wherein the amplification unit (20) is further config-
ured to generate a first output voltage corresponding
to the first voltage and generate a second output
voltage corresponding to the second voltage, and
wherein the MCU (30) is further configured to:

set a first offset voltage and a current offset volt-
age, corresponding to a voltage of the signal,
using the third lookup table;
set a first measurement position corresponding
to the voltage of the signal; and
set a second offset based on a comparison be-
tween the first offset voltage and the current off-
set voltage.

10. The control apparatus (1) of claim 9,
wherein the amplification unit (20) further comprises
a second variable resistor (R2), and
wherein the second offset corresponds to a resistor
value of the second variable resistor (R2).
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11. The control apparatus (1) of claim 9 or 10,
wherein the MCU (30) is further configured to:

set a second offset voltage equal to the first off-
set value; and
set a first section as a first measurement position
in a manner that corresponds to the second off-
set, when the current offset voltage is equal to
the first offset voltage,

wherein the first section is between the first voltage
and the second voltage.

12. The control apparatus (1) of any one of claims 9 to 11,
wherein the MCU (30) is further configured to:

set the second offset voltage higher than the first
offset voltage; and
set a second section as a second measurement
position in such a manner as to correspond to
the second offset voltage, when the current off-
set voltage is higher than the first offset voltage,

wherein the amplification unit (20) is further config-
ured to generate the first output voltage correspond-
ing to a third voltage and generate the second output
voltage corresponding to a fourth voltage,
wherein the second section is between the third volt-
age and the fourth voltage, and
wherein the third voltage and the fourth voltage are
higher than the first voltage and the second voltage.

13. The control apparatus (1) of any one of claims 9 to 12,
wherein the MCU (30) is further configured to:

set the second offset voltage lower than the first
offset voltage; and
set a third section as a third measurement po-
sition in such a manner as to correspond to the
second offset voltage, when the current offset
voltage is lower than the first offset voltage,

wherein the amplification unit (20) is further config-
ured to generate the first output voltage correspond-
ing to a fifth voltage and generate the second output
voltage corresponding to a sixth voltage,
wherein the third section is between the fifth voltage
and the sixth voltage, and
wherein the fifth voltage and the sixth voltage are
lower than the first voltage and the second voltage.
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