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(57) ABSTRACT

A motor control device includes a measuring unit configured
to output a measurement value corresponding to a rotation
speed of a motor; and a control unit configured to control
driving of the motor such that the measurement value makes
closerto a target value. When the measurement value does not
exceed a predetermined abnormality determination thresh-
o0ld, the control unit controls the driving of the motor based on
a difference between the measurement value and the target
value. The abnormality determination threshold is set in a
positive direction or in a negative direction with reference to
the target value. When the measurement value exceeds the
abnormality determination threshold, the control unit con-
trols the driving of the motor based on a difference between a
corrected measurement value and the target value. The cor-
rected measurement value is set in the same direction as the

direction in which the abnormality determination threshold is
set.
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MOTOR CONTROL DEVICE, IMAGE
FORMING APPARATUS, AND MOTOR
CONTROL METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to and incor-
porates by reference the entire contents of Japanese Patent
Application No. 2013-086052 filed in Japan on Apr. 16,2013
and Japanese Patent Application No. 2014-046959 filed in
Japan on Mar. 10, 2014.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a motor control
device, an image forming apparatus, and a motor control
method.

[0004] 2. Description of the Related Art

[0005] In order to keep a rotation speed of a motor to a
target speed, known has been a technique of measuring a
period of a pulse signal that is output from an encoder in
synchronization with rotation of the motor and performing
feedback control such that the pulse period is closer to the
target period corresponding to the target speed. There is the
following concern for this technique. That is, when noise is
superimposed on the pulse signal that is output from the
encoder or when a phenomenon called chattering is gener-
ated, a measured pulse period is shorter than an actual period
corresponding to the motor rotation speed, and stable control
cannot be performed. In order to cope with this, proposed has
been also a technique in which when the measured pulse
period is shorter than a predetermined period, the measured
pulse period is made invalid and feedback control is per-
formed based on a previously measured pulse period (for
example, see Japanese Patent No. 2886606).

[0006] Inthe technique as described in Japanese Patent No.
2886606, even when the previously measured pulse period is
long and the currently measured pulse period is shorter than
the predetermined period, feedback control is performed
based on the previously measured pulse period. The control is
performed in the above-mentioned manner even when the
motor rotation speed is increased and the measured pulse
period is shorter actually. Due to this, the motor rotation speed
is controlled to be further increased, resulting in a problem
that control stability is undermined.

[0007] Therefore, there is a need for a motor control device,
an image forming apparatus, and a motor control method that
are able of controlling a motor stably.

SUMMARY OF THE INVENTION

[0008] According to an embodiment, a motor control
device includes a measuring unit configured to output a mea-
surement value corresponding to a rotation speed of a motor;
and a control unit configured to control driving of the motor
such that the measurement value makes closer to a target
value. When the measurement value does not exceed a pre-
determined abnormality determination threshold, the control
unit controls the driving of the motor based on a difference
between the measurement value and the target value. The
abnormality determination threshold is set in a positive direc-
tion or in a negative direction with reference to the target
value. When the measurement value exceeds the abnormality
determination threshold, the control unit controls the driving
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of the motor based on a difference between a corrected mea-
surement value and the target value. The corrected measure-
ment value is set in the same direction as the direction in
which the abnormality determination threshold is set.
[0009] The above and other objects, features, advantages
and technical and industrial significance of this invention will
be better understood by reading the following detailed
description of presently preferred embodiments of the inven-
tion, when considered in connection with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG.1isaschematic configuration view illustrating
an image forming apparatus according to an embodiment;
[0011] FIG. 2 is a schematic configuration diagram illus-
trating a motor control device included in the image forming
apparatus;

[0012] FIG. 3 is a block diagram illustrating an example of
the functional configuration of a control IC;

[0013] FIG. 4 is a graph illustrating time change of an
operation measurement value according to a comparison
example;

[0014] FIG. 5 is a graph illustrating time change of an
operation measurement value that is output from an operation
measurement value generator of the motor control device;
[0015] FIG. 6 is a flowchart illustrating control procedures
of the motor control device;

[0016] FIG. 7 is a graph illustrating time change of an
operation measurement value according to another compari-
son example;

[0017] FIG. 8 is a graph illustrating time change of an
operation measurement value that is output from an operation
measurement value generator of a motor control device
according to a first variation;

[0018] FIG. 9 is a flowchart illustrating control procedures
of the motor control device in the first variation;

[0019] FIG. 10 is a graph illustrating time change of an
operation measurement value that is output from an operation
measurement value generator of a motor control device
according to a second variation; and

[0020] FIG. 11 is a flowchart illustrating control procedures
of the motor control device in the second variation.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0021] Hereinafter, embodiments of a motor control
device, an image forming apparatus, and a motor control
method according to the present invention are described in
detail with reference to the accompanying drawings. The
following describes a tandem color copying machine of an
intermediate transfer system as an example of the image
forming apparatus to which the present invention can be
applied.

[0022] FIG.1isaschematic configuration view illustrating
an image forming apparatus 1 according to an embodiment.
As illustrated in FIG. 1, the image forming apparatus 1
includes an auto document feeder (ADF) 1A and an apparatus
main body 1B. The apparatus main body 1B is constituted by
apaper feeding unit 3, an image reading unit 4, and an image
forming unit 5.

[0023] The ADF 1A includes a document tray 20, a docu-
ment feeding roller 21, a document carriage belt 22, a docu-
ment discharging roller 23, and a document discharge tray 24.
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The ADF 1A is attached to the image reading unit 4 so asto be
opened and closed through an opening/closing mechanism
(not illustrated) such as a hinge.

[0024] The document feeding roller 21 separates a docu-
ment (not illustrated) from a document bundle placed on the
document tray 20 one by one to convey it to the image reading
unit 4. The document carriage belt 22 conveys the document
separated by the document feeding roller 21 to the image
reading unit 4. The document discharging roller 23 discharges
the document that is discharged from the image reading unit
4 by the document carriage belt 22 to the document discharge
tray 24 under the document tray 20.

[0025] The image reading unit 4 includes a housing 40, an
optical scanning unit 41, a contact glass 42, and a driving unit
(not illustrated). The optical scanning unit 41 is provided in
the housing 40 and includes a light emitting diode (LED) unit.
The optical scanning unit 41 irradiates the document with
light in the main-scanning direction from the LED unit and
scans the document in the whole irradiation region in the
sub-scanning direction by the driving unit. With this, the
optical scanning unit 41 reads a two-dimensional color image
on the document.

[0026] The contact glass 42 is provided above the housing
40 of the image reading unit 4 and configures an upper surface
portion of the housing 40. The driving unit includes a wire
(not illustrated) fixed to the optical scanning unit 41, a plu-
rality of driven pulleys (not illustrated) and a driving pulley
(not illustrated) around which the wire is wound, and a motor
for rotating the driving pulley.

[0027] The paper feeding unit 3 includes paper cassettes 30
and a feeding unit 31. The paper cassettes 30 accommodate
sheets of paper (not illustrated) as recording media having
different paper sizes. The feeding unit 31 conveys the paper
accommodated in the paper cassette 30 to a main conveying
path 70 of the image forming unit 5.

[0028] A bypass tray 32 is arranged on the side surface of
the image forming unit 5 so as to be opened and closed with
respect to the image forming unit 5. A paper bundle is set on
the tray upper surface in a state where the bypass tray 32 is
opened with respect to the image forming unit 5. The upper-
most paper of the set paper bundle is fed to the main convey-
ing path 70 by a feed-out roller of the bypass tray 32.

[0029] A pair of registration rollers 70q are arranged on the
main conveying path 70. The pair of registration rollers 70a
nip the paper that is conveyed through the main conveying
path 70 between the rollers, and then, feeds the paper toward
a secondary transfer nip at a predetermined timing.

[0030] The image forming unit 5 includes an exposing unit
51, a tandem image forming unit 50, an intermediate transfer
belt 54, intermediate transfer rollers 55, a secondary transfer
device 52, and a fixing unit 53, for example. Furthermore, the
image forming unit 5 includes the main conveying path 70, a
reverse conveying path 73, and a discharging path 60, for
example.

[0031] As illustrated in FIG. 1, the exposing unit 51 is
arranged so as to be adjacent to the tandem image forming
unit 50. The exposing unit 51 exposes photosensitive drums
74 to light. The photosensitive drums 74 are provided so as to
correspond to respective colors of yellow, cyan, magenta, and
black.

[0032] The tandem image forming unit 50 is constituted by
four image forming units 75 for yellow, cyan, magenta, and
black that are arranged on the intermediate transfer belt 54
along the rotating direction of the intermediate transfer belt
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54. Although detail illustration is omitted, the respective
image forming units 75 include charging devices, developing
devices, photosensitive-element cleaning devices, and neu-
tralization devices around the photosensitive drums 74 pro-
vided for the above-mentioned respective colors. Each pho-
tosensitive drum 74 and the above-mentioned respective
devices provided around it are unitized to constitute one pro-
cess cartridge.

[0033] The tandem image forming unit 50 forms visible
images (toner images) with toners of the respective colors on
the photosensitive drums 74 based on image information that
has been read by the image reading unit 4 and exploded into
the respective colors. The visible images formed on the
respective photosensitive drums 74 are transferred onto the
intermediate transfer belt 54 between the respective photo-
sensitive drums 74 and the intermediate transfer rollers 55.
[0034] On the other hand, the secondary transfer device 52
is provided at the side opposite to the tandem image forming
unit 50 with the intermediate transfer belt 54 interposed ther-
ebetween. The secondary transfer device 52 includes a sec-
ondary transfer roller 521 as a transfer member. The second-
ary transfer roller 521 is pressed against the intermediate
transfer belt 54 so as to form the secondary transfer nip. The
toner images formed on the intermediate transfer belt 54 are
transferred onto the paper conveyed through the main con-
veying path 70 from the paper feeding unit 3 on the secondary
transfer nip.

[0035] The paper onto which the toner images have been
transferred on the secondary transfer nip is fed to the fixing
unit 53 by a paper carriage belt 56 wound around two sup-
porting rollers 57.

[0036] A pressing roller 59 is pressed against a fixing belt
58 as an endless belt so as to constitute the fixing unit 53. The
fixing unit 53 applies heat and pressure to the paper by the
pressing roller 59 so as to melt the toners on the toner images
transferred onto the paper and fix a color image onto the
paper.

[0037] The paperonto which the color image has been fixed
in the above-mentioned manner is stacked on an external
discharge tray 61 through the discharging path 60 as a dis-
charge conveying path.

[0038] As illustrated in FIG. 1, the reverse conveying path
73 is provided under the secondary transfer device 52 and the
fixing unit 53. The reverse conveying path 73 reverses the
front and rear sides of the paper discharged from the fixing
unit53 and supplies the paper to the secondary transfer device
52 through the main conveying path 70 again in order to form
images on both the sides of the paper.

[0039] Paper detecting sensors (not illustrated) as a plural-
ity of paper jam detecting units are arranged on the main
conveying path 70 and the reverse conveying path 73 along
the conveying paths. The number and arrangement places of
the paper detecting sensors are set appropriately. When each
paper detecting sensor does not detect passage of the paper
within predetermined time, it grasps occurrence of paper jam
and notifies a display unit (not illustrated) and the like of the
image forming apparatus 1 of the occurrence of the jam.
[0040] The image forming apparatus 1 configured as
described above is provided with motors required to rotate at
constant speeds for forming an image appropriately.
Examples of the motors include a motor for driving the pho-
tosensitive drums 74, a motor for driving the intermediate
transfer belt 54, and a motor for driving the paper carriage belt
56. Furthermore, the image forming apparatus 1 includes a
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motor control device for controlling driving of the motors that
are used for image formation to rotate at constant speeds by
means of feedback control. The following describes a specific
example of a motor control device 100 included in the image
forming apparatus 1 according to the embodiment.

[0041] FIG. 2 is a schematic configuration diagram illus-
trating the motor control device 100 included in the image
forming apparatus 1 in the embodiment. As illustrated in FIG.
2, the motor control device 100 includes an encoder 101, a
control integrated circuit (IC) 110, a memory 102, and a
driving circuit 103.

[0042] The encoder 101 outputs a pulse signal in synchro-
nization with rotation of a motor M that is used for image
formation. As the encoder 101, a rotary encoder including an
encoder wheel and a sensor can be used. The encoder wheel is
provided coaxially with a rotating shaft of the motor M that is
used for image formation and rotates integrally with the rotat-
ing shaft. The sensor receives light from a light source that
passes through slits of the encoder wheel. The pulse signal
that is output from the encoder 101 is input to the control IC
110.

[0043] The control IC 110 measures a period of the pulse
signal (hereinafter, referred to as “pulse period”) that is output
from the encoder 101, generates a command value for con-
trolling driving of the motor M such that the pulse period is
closer to a target value (target period) corresponding to a
target speed of the motor M, and outputs it to the driving
circuit 103. The memory 102 temporarily stores therein infor-
mation that is used for processing by the control IC 110.
[0044] The driving circuit 103 drives the motor M in accor-
dance with the command value that is output from the control
1C 110.

[0045] FIG. 3 is a block diagram illustrating an example of
the functional configuration of the control IC 110. As illus-
trated in FIG. 3, the control IC 110 includes, as functional
constituent components, a measuring unit 111, an operation
measurement value generator 112, an abnormality counter
113, and a control operation unit 114.

[0046] The measuring unit 111 inputs the pulse signal from
the encoder 101 and measures a pulse period at a predeter-
mined constant time interval (hereinafter, referred to as “con-
trol cycle”). The pulse period measured by the measuring unit
111 at each control cycle is input to the operation measure-
ment value generator 112. The pulse period that is input to the
operation measurement value generator 112 from the mea-
suring unit 111 at each control cycle is a value corresponding
to the current rotation speed of the motor M unless abnormal-
ity due to superimposition of noise or a phenomenon called
chattering occurs. Hereinafter, the pulse period that is input to
the operation measurement value generator 112 from the
measuring unit 111 at each control cycle is referred to as an
“actual measurement value”.

[0047] The operation measurement value generator 112
compares the actual measurement value input from the mea-
suring unit 111 with a predetermined abnormality determi-
nation threshold which is set in a positive direction or in a
negative direction with reference to the target value. The
operation measurement value generator 112 then generates
and outputs a measurement value (hereinafter, referred to as
“operation measurement value”) that is used for an operation
by the control operation unit 114 based on the comparison
result.

[0048] To be specific, when the actual measurement value
does not exceed the abnormality determination threshold, the
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operation measurement value generator 112 outputs the
actual measurement value as it is as the operation measure-
ment value. It should be noted that the abnormality determi-
nation threshold is assumed to be set as alower limit threshold
lower than the target value. In this case, when the actual
measurement value is lower than the lower limit threshold
which is set in the negative direction with reference to the
target value, the operation measurement value generator 112
determines that the actual measurement value exceeds the
abnormality determination threshold. On the other hand,
when the actual measurement value is equal to or higher than
the lower limit threshold, the operation measurement value
generator 112 determines that the actual measurement value
does not exceed the abnormality determination threshold.
[0049] When the operation measurement value generator
112 outputs the actual measurement value as it is as the
operation measurement value because the actual measure-
ment value does not exceed the abnormality determination
threshold, it writes the actual measurement value into the
memory 102 and rewrites (updates) the past actual measure-
ment value that has been already written into the memory 102.
[0050] When the actual measurement value exceeds the
abnormality determination threshold, the operation measure-
ment value generator 112 determines whether a count value
of the abnormality counter 113 reaches a certain number of
times (for example, three times). The abnormality counter
113 counts the number of times that the actual measurement
value exceeds the abnormality determination threshold suc-
cessively, and increments the count value every time the
actual measurement value exceeds the abnormality determi-
nation threshold successively. When the actual measurement
value that does not exceed the abnormality determination
threshold is input to the operation measurement value gen-
erator 112, the count value of the abnormality counter 113 is
reset.

[0051] When the actual measurement value exceeds the
abnormality determination threshold, the operation measure-
ment value generator 112 outputs, as the operation measure-
ment value, the past actual measurement value stored in the
memory 102, that is, the actual measurement value (herein-
after, referred to as “previous measurement value”) measured
immediately before the actual measured value exceeds the
abnormality determination threshold until the count value of
the abnormality counter 113 reaches the certain number of
times. Then, when the count value of the abnormality counter
113 reaches the certain number of times, the operation mea-
surement value generator 112 outputs a corrected measure-
ment value as the operation measurement value.

[0052] When the target value is considered as a reference,
the corrected measurement value is set in the same direction
as the direction in which the abnormality determination
threshold used at a time when the latest abnormality has been
determined is set. That is to say, when the abnormality deter-
mination threshold is set as the lower limit threshold that is
lower than the target value (i.e., the lower limit threshold is set
in the negative direction with respect to the target value) and
the latest abnormality is determined based on the lower limit
threshold, the corrected measurement value is set to a value
lower than the target value (i.e., the corrected measurement
value is set in the negative direction with respect to the target
value). Furthermore, when the abnormality determination
threshold is set as an upper limit threshold that is higher than
the target value (i.e., the upper limit threshold is set in the
positive direction with respect to the target value) and the
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latest abnormality is determined based on the upper limit
threshold, the corrected measurement value is set to a value
higher than the target value (i.e., the corrected measurement
value is set in the positive direction with respect to the target
value). It is sufficient that a value to be used as the corrected
measurement value, among values in the same direction as the
direction in which the abnormality determination threshold is
set, is defined previously. For example, the abnormality deter-
mination threshold itself can be used as the corrected mea-
surement value or a predefined value around the abnormality
determination threshold can be also used as the corrected
measurement value. A range of values in which they can be
used as the corrected measurement value is approximately 0
to a value that is three times as the abnormality determination
threshold. Within this range, an actual measurement value
that exceeds the abnormality determination threshold can be
also used as the corrected measurement value.

[0053] The control operation unit 114 calculates a com-
mand value for controlling driving of the motor M such that
the rotation speed of the motor M is closer to the target speed
(that is, the pulse period is closer to the target value) based on
the difference between the target value corresponding to the
target speed of the motor M and the operation measurement
value that is output from the operation measurement value
generator 112.

[0054] Next, operations of the motor control device 100 in
the embodiment that is configured as described above are
described while comparing with the case where control with
the existing technique is performed. The following describes
the case where the actual measurement value that is higher
than the target value at a control cycle CO becomes lower than
the lower limit threshold set as the abnormality determination
threshold at a subsequent control cycle C1 due to drastic
change in the speed of the motor M (increase in the rotation
speed) as an example.

[0055] FIG. 4 is a graph illustrating time change of the
operation measurement value when control with the existing
technique is performed in the above-mentioned scene (com-
parison example). The graph as indicated by a dashed line in
FIG. 4 indicates the time change of the actual measurement
value and the graph as indicated by a solid line in FIG. 4
indicates the time change of the operation measurement
value. The longitudinal axis in FIG. 4 indicates the length of
the pulse period and the lateral axis indicates time.

[0056] Asillustrated in FIG. 4, in the comparison example,
when the actual measurement value measured at the control
cycle C1 is lower than the lower limit threshold (exceeds the
abnormality determination threshold) due to the drastic
change in the speed of the motor M, the previous measure-
ment value measured at the previous control cycle C0, that is,
the previous measurement value higher than the target value
is output as the operation measurement value. As a result, the
command value calculated based on the difference between
the target value and the operation measurement value is a
command value for further increasing the speed of the motor
M, and the actual measurement value that is measured at a
subsequent control cycle C2 is also lower than the lower limit
threshold. In the same manner at the control cycle C2, the
previous measurement value measured at the control cycle C0
is output as the operation measurement value, and a command
value for further increasing the speed of the motor M is
calculated.

[0057] Inthe comparison example, thereafter, the previous
measurement value measured at the control cycle C0 is con-

Oct. 16,2014

tinuously output as the operation measurement value as long
as the actual measurement value is lower than the lower limit
threshold. With this, the command values that are calculated
based on the differences between the target value and the
operation measurement values also correspond to command
values for further increasing the speed of the motor M at
subsequent control cycles C3, C4, C5, . . . This fails to make
the speed of the motor M closer to the target speed.

[0058] FIG. 5 is a graph illustrating time change of the
operation measurement value that is output from the opera-
tion measurement value generator 112 of the motor control
device 100 according to the embodiment in the above-men-
tioned scene. Although the lower limit threshold itself set as
the abnormality determination threshold is used as the cor-
rected measurement value in FIG. 5, the corrected measure-
ment value may not be the lower limit threshold as described
above. As in FIG. 4, the graph as indicated by a dashed line in
FIG. 5 indicates the time change of the actual measurement
value and the graph as indicated by a solid line in FIG. 5§
indicates the time change of the operation measurement
value. The longitudinal axis in FIG. 5 indicates the length of
the pulse period and the lateral axis indicates time.

[0059] As illustrated in FIG. 5, in the motor control device
100 according to the embodiment, when the actual measure-
ment value measured at the control cycle C1 is lower than the
lower limit threshold (exceeds the abnormality determination
threshold) due to the drastic change in the speed of the motor
M, the operation measurement value generator 112 outputs
the previous measurement value measured at the previous
control cycle CO0 as the operation measurement value. In this
case, the count value of the abnormality counter 113 is incre-
mented.

[0060] Thereafter, as in the case of the comparison
example, the actual measurement values at the control cycle
C2 and the control cycle C3 are lower than the lower limit
threshold. In the motor control device 100 according to the
embodiment, the abnormality counter 113 increments the
count value every time the actual measurement value is lower
than the lower limit threshold. Then, the operation measure-
ment value generator 112 outputs the previous measurement
value measured at the control cycle C0 as the operation mea-
surement value until the count value of the abnormality
counter 113 reaches a certain number of times (three times in
the example of FIG. 5). When the count value of the abnor-
mality counter 113 reaches the certain number of times, the
operation measurement value generator 112 outputs, as the
operation measurement value, the corrected measurement
value (in this example, lower limit threshold set as the abnor-
mality determination threshold) lower than the target value.

[0061] Intheexample of FIG. 5, at the control cycle C2, the
count value of the abnormality counter 113 is twice and does
not reach three times as the certain number of times, so that
the operation measurement value generator 112 outputs the
previous measurement value measured at the control cycle C0O
as the operation measurement value. At the subsequent con-
trol cycle C3, the count value of the abnormality counter 113
reaches three times as the certain number of times, so that the
operation measurement value generator 112 outputs the cor-
rected measurement value (lower limit threshold) as the
operation measurement value. The corrected measurement
value is a value lower than the target value. Accordingly,
when the corrected measurement value is output as the opera-
tion measurement value, the command value that is calculated
based on the difference between the target value and the
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operation measurement value is a command value for
decreasing the speed of the motor M.

[0062] Thereafter, although the actual measurement values
atthe control cycle C4 and the control cycle C5 are lower than
the lower limit threshold, the operation measurement value
generator 112 outputs the corrected measurement value
(lower limit threshold) as the operation measurement value
because the count value of the abnormality counter 113 has
already reached three times. As a result, the command value
for decreasing the speed of the motor M is continuously input
to the driving circuit 103. With this, the actual measurement
value gradually makes closer to the target value. Then, the
actual measurement value is equal to or higher than the lower
limit threshold at a control cycle C6, so that the operation
measurement value generator 112 outputs the actual mea-
surement value as the operation measurement value and
resets the count value of the abnormality counter 113. There-
after, the command value is calculated based on the difference
between the target value and the actual measurement value,
and the speed of the motor M converges to the target speed.

[0063] Next, control procedures performed by the motor
control device 100 in the embodiment are described with
reference to FIG. 6. FIG. 6 is a flowchart illustrating the
control procedures performed by the motor control device
100. A series of processes as illustrated in the flowchart in
FIG. 6 are executed in the respective control cycles repeat-
edly.

[0064] When the process is started, first, the measuring unit
111 of'the control IC 110 measures a period (pulse period) of
apulse signal that is output from the encoder 101 (step S101).
The pulse period measured by the measuring unit 111 is input
to the operation measurement value generator 112 as an
actual measurement value.

[0065] Then, the operation measurement value generator
112 determines whether the actual measurement value input
from the measuring unit 111 is lower than a lower limit
threshold set as an abnormality determination threshold (step
S102). If the actual measurement value is equal to or higher
than the lower limit threshold (No at step S102), the operation
measurement value generator 112 outputs the actual mea-
surement value as an operation measurement value (step
S103). Thereafter, the operation measurement value genera-
tor 112 writes the actual measurement value into the memory
102 and updates the previous measurement value stored in the
memory 102 by the new actual measurement value (step
S104). Furthermore, the operation measurement value gen-
erator 112 resets the count value of the abnormality counter
113 (step S105), and the process proceeds to step S110.

[0066] On the other hand, if the actual measurement value
is determined to be lower than the lower limit threshold at step
5102 (Yes at step S102), the operation measurement value
generator 112 increments the count value of the abnormality
counter 113 (step S106), and then, determines whether the
count value is smaller than the certain number of times (step
S107). If the count value of the abnormality counter 113 is
smaller than the certain number of times (Yes at step S107),
the operation measurement value generator 112 outputs the
previous measurement value stored in the memory 102 as an
operation measurement value (step S108), and the process
proceeds to step S110. On the other hand, if the count value of
the abnormality counter 113 reaches the certain number of
times (No at step S107), the operation measurement value
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generator 112 outputs the corrected measurement value as an
operation measurement value (step S109), and the process
proceeds to step S110.

[0067] Subsequently, the control operation unit 114 calcu-
lates a command value for controlling driving of the motor M
based on the different between the target value corresponding
to the target speed of the motor M and the operation measure-
ment value that is output from the operation measurement
value generator 112 at step S103, step S108, or step S109
(step S110). Then, the driving circuit 103 drives the motor M
based on the command value from the control operation unit
114 (step S111), and a series of processes in this control cycle
are finished.

[0068] As described in detail above using the specific
example, when the actual measurement value exceeds the
abnormality determination threshold which is set in a positive
direction or in a negative direction with respect to the target
value, and calculates a command value for controlling driving
of the motor M based on the difference between the target
value and the operation measurement value, the motor control
device 100 according to the embodiment sets, as the operation
measurement value, the corrected measurement value set in
the same direction as the direction in which the abnormality
determination threshold is set and calculates a command
value for controlling driving of the motor M based on the
difference between the target value and the operation mea-
sured value. Accordingly, even when the drastic change in the
speed of the motor M occurs, a disadvantage that the motor M
is mistakenly controlled to be away from the target speed
based on the previous measurement value can be prevented,
whereby the motor M can be controlled stably.

[0069] The motor control device 100 according to the
embodiment sets, as the operation measurement value, the
previous measurement value stored in the memory 102 until
the number of times that the actual measurement value
exceeds the abnormality determination threshold succes-
sively reaches the certain number of times. When the number
oftimes that the actual measurement value exceeds the abnor-
mality determination threshold successively reaches the cer-
tain number of times, the motor control device 100 according
to the embodiment sets the corrected measurement value as
the operation measurement value. Then, the motor control
device 100 according to the embodiment calculates a com-
mand value for controlling driving of the motor M based on
the difference between the target value and the operation
measurement value. Accordingly, even when the drastic
change in the speed of the motor M occurs, the motor M can
be controlled stably while suppressing the control abnormal-
ity due to noise and chattering effectively.

[0070] The image forming apparatus 1 according to the
embodiment includes the motor control device 100 having the
above-mentioned configuration. With this, the image forming
apparatus 1 can form a high-quality image appropriately
because the motor M required to rotate at a constant speed is
controlled stably therein.

FIRST MODIFICATION

[0071] In the above description, the lower limit threshold
lower than the target value is set as the abnormality determi-
nation threshold in order to remove influence by chattering
and noise superimposed on the pulse signal that is output from
the encoder 101. Examples of the abnormality of the pulse
signal can also include abnormality called pulse missing that
apulse is not output temporarily due to sensor malfunction or
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the like of the encoder 101 in addition to the noise superim-
position and the chattering. For coping with this, the follow-
ing describes, as a first modification, the example in which the
motor M is controlled stably while suppressing the control
abnormality due to the pulse missing.

[0072] When the pulse missing occurs, the pulse period is
largely beyond the target value. In the first modification, an
upper limit threshold that is higher than the target value is set
as the abnormality determination threshold. When the actual
measurement value is higher than the upper limit threshold,
the operation measurement value generator 112 of the control
1C 110 determines that the actual measurement value exceeds
the abnormality determination threshold. On the other hand,
when the actual measurement value is equal to or lower than
the upper limit threshold, the operation measurement value
generator 112 of the control IC 110 determines that the actual
measurement value does not exceed the abnormality deter-
mination threshold. It should be noted that the configuration
and the basic control method of the motor control device 100
are the same as those in the above-mentioned embodiment.
[0073] The operations of the motor control device 100 in
the first modification are described while comparing with the
case where control with the existing technique is performed.
The following describes the case where the actual measure-
ment value that is lower than the target value at a control cycle
C0 becomes higher than the upper limit threshold set as the
abnormality determination threshold at a subsequent control
cycle C1 due to drastic change in the speed of the motor M
(decrease in the rotation speed) as an example.

[0074] FIG. 7 is a graph illustrating time change of the
operation measurement value when control with the existing
technique is performed in the above-mentioned scene (com-
parison example). The graph as indicated by a dashed line in
FIG. 7 indicates the time change of the actual measurement
value and the graph as indicated by a solid line in FIG. 7
indicates the time change of the operation measurement
value. The longitudinal axis in FIG. 7 indicates the length of
the pulse period and the lateral axis indicates time.

[0075] Asillustrated in FIG. 7, in the comparison example,
when the actual measurement value measured at the control
cycle Cl1 is higher than the upper limit threshold (exceeds the
abnormality determination threshold) due to the drastic
change in the speed of the motor M, the previous measure-
ment value measured at the previous control cycle C0, that is,
the previous measurement value lower than the target value is
output as the operation measurement value. As a result, the
command value calculated based on the difference between
the target value and the operation measurement value is a
command value for further decreasing the speed of the motor
M, and the actual measurement value that is measured at a
subsequent control cycle C2 is also higher than the upper limit
threshold. In the same manner at the control cycle C2, the
previous measurement value measured at the control cycle C0
is output as the operation measurement value, and a command
value for further decreasing the speed of the motor M is
calculated.

[0076] Inthe comparison example, thereafter, the previous
measurement value measured at the control cycle C0 is con-
tinuously output as the operation measurement value as long
as the actual measurement value is higher than the upper limit
threshold. With this, the command value that is calculated
based on the difference between the target value and the
operation measurement value correspond to command value
for further decreasing the speed of the motor M at each of

Oct. 16,2014

subsequent control cycles C3, C4, C5, . . . This fails to make
the speed of the motor M closer to the target speed.

[0077] FIG. 8 is a graph illustrating time change of the
operation measurement value that is output from the opera-
tion measurement value generator 112 of the motor control
device 100 in the first modification in the above-mentioned
scene. Although the upper limit threshold itself set as the
abnormality determination threshold is used as the corrected
measurement value in FIG. 8, the corrected measurement
value may not be the upper limit threshold itself as described
above. As in FIG. 7, the graph as indicated by a dashed line in
FIG. 8 indicates the time change of the actual measurement
value and the graph as indicated by a solid line in FIG. 8
indicates the time change of the operation measurement
value. The longitudinal axis in FIG. 8 indicates the length of
the pulse period and the lateral axis indicates time.

[0078] As illustrated in FIG. 8, in the motor control device
100 in the first modification, when the actual measurement
value measured at the control cycle C1 is higher than the
upper limit threshold (exceeds the abnormality determination
threshold) due to the drastic change in the speed of the motor
M, the operation measurement value generator 112 outputs
the previous measurement value measured at the previous
control cycle CO0 as the operation measurement value. In this
case, the count value of the abnormality counter 113 is incre-
mented.

[0079] Thereafter, as in the case of the comparison
example, the actual measurement values at the control cycle
C2 and the control cycle C3 are higher than the upper limit
threshold. In the motor control device 100 in the first modi-
fication, the abnormality counter 113 increments the count
value every time the actual measurement value is higher than
the upper limit threshold. Then, the operation measurement
value generator 112 outputs the previous measurement value
measured at the control cycle C0 as the operation measure-
ment value until the count value of the abnormality counter
113 reaches a certain number of times (three times in the
example of FIG. 8). When the count value of the abnormality
counter 113 reaches the certain number of times, the opera-
tion measurement value generator 112 outputs, as the opera-
tion measurement value, the corrected measurement value (in
this example, upper limit threshold set as the abnormality
determination threshold) higher than the target value.

[0080] Intheexample of FIG. 8, at the control cycle C2, the
count value of the abnormality counter 113 is twice and does
not reach three times as the certain number of times, so that
the operation measurement value generator 112 outputs the
previous measurement value measured at the control cycle C0O
as the operation measurement value. At the subsequent con-
trol cycle C3, the count value of the abnormality counter 113
reaches three times as the certain number of times, so that the
operation measurement value generator 112 outputs the cor-
rected measurement value (upper limit threshold) as the
operation measurement value. The corrected measurement
value is a value higher than the target value. Accordingly,
when the corrected measurement value is output as the opera-
tion measurement value, the command value that is calculated
based on the difference between the target value and the
operation measurement value is a command value for increas-
ing the speed of the motor M.

[0081] Thereafter, although the actual measurement values
at the control cycle C4 and the control cycle C5 are higher
than the upper limit threshold, the operation measurement
value generator 112 outputs the corrected measurement value
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(upper limit threshold) as the operation measurement value
because the count value of the abnormality counter 113 has
already reached three times. As a result, the command value
for increasing the speed of the motor M is continuously input
to the driving circuit 103. With this, the actual measurement
value gradually makes closer to the target value. Then, the
actual measurement value is equal to or lower than the upper
limit threshold at the control cycle C6, so that the operation
measurement value generator 112 outputs the actual mea-
surement value as the operation measurement value and
resets the count value of the abnormality counter 113. There-
after, the command value is calculated based on the difference
between the target value and the actual measurement value,
and the speed of the motor M converges to the target speed.
[0082] Next, control procedures performed by the motor
control device 100 in the first modification are described with
reference to FIG. 9. FIG. 9 is a flowchart illustrating the
control procedures performed by the motor control device
100 in the first modification. A series of processes as illus-
trated in the flowchart in FIG. 9 are executed in the respective
control cycles repeatedly.

[0083] When the process is started, first, the measuring unit
111 of'the control IC 110 measures a period (pulse period) of
apulse signal that is output from the encoder 101 (step S201).
The pulse period measured by the measuring unit 111 is input
to the operation measurement value generator 112 as an
actual measurement value.

[0084] Then, the operation measurement value generator
112 determines whether the actual measurement value input
from the measuring unit 111 is higher than an upper limit
threshold set as an abnormality determination threshold (step
S202). If the actual measurement value is equal to or lower
than the upper limit threshold (No at step S202), the operation
measurement value generator 112 outputs the actual mea-
surement value as an operation measurement value (step
S203). Thereafter, the operation measurement value genera-
tor 112 writes the actual measurement value into the memory
102 and updates the previous measurement value stored in the
memory 102 by the new actual measurement value (step
S204). Furthermore, the operation measurement value gen-
erator 112 resets the count value of the abnormality counter
113 (step S205), and the process proceeds to step S210.
[0085] On the other hand, if the actual measurement value
is determined to be higher than the upper limit threshold at
step S202 (Yes at step S202), the operation measurement
value generator 112 increments the count value of the abnor-
mality counter 113 (step S206), and then, determines whether
the count value is smaller than the certain number of times
(step S207). If the count value of the abnormality counter 113
is smaller than the certain number of times (Yes at step S207),
the operation measurement value generator 112 outputs the
previous measurement value stored in the memory 102 as an
operation measurement value (step S208), and the process
proceeds to step S210. On the other hand, if the count value of
the abnormality counter 113 reaches the certain number of
times (No at step S207), the operation measurement value
generator 112 outputs the corrected measurement value as an
operation measurement value (step S209), and the process
proceeds to step S210.

[0086] Subsequently, the control operation unit 114 calcu-
lates a command value for controlling driving of the motor M
based on the different between the target value corresponding
to the target speed of the motor M and the operation measure-
ment value that is output from the operation measurement
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value generator 112 at step S203, step S208, or step S209
(step S210). Then, the driving circuit 103 drives the motor M
based on the command value from the control operation unit
114 (step S211), and a series of processes in the control cycle
are finished.

[0087] As described above, the motor control device 100
according to the first modification sets the upper limit thresh-
old that is higher than the target value as the abnormality
determination threshold. Furthermore, the motor control
device 100 according to the first modification sets the previ-
ous measurement value stored in the memory 102 as the
operation measurement value until the number of times that
the actual measurement value is higher than the upper limit
threshold successively reaches the certain number of times.
When the number of times that the actual measurement value
is higher than the upper limit threshold successively reaches
the certain number of times, the motor control device 100
according to the first modification sets the corrected measure-
ment value higher than the target value as the operation mea-
surement value. Then, the motor control device 100 accord-
ing to the first modification calculates the command value for
controlling driving of the motor M based on the difference
between the target value and the operation measurement
value. Accordingly, even when the drastic change in the speed
of the motor M occurs, the motor M can be controlled stably
while suppressing the control abnormality due to the pulse
missing effectively.

SECOND MODIFICATION

[0088] The following describes, as a second modification,
the example in which two abnormality determination thresh-
olds including the lower limit threshold lower than the target
value and the upper limit threshold higher than the target
value are set. In the second modification, when the actual
measurement value is lower than the lower limit threshold or
higher than the upper limit threshold, the operation measure-
ment value generator 112 of the control IC 110 determines
that the actual measurement value exceeds the abnormality
determination threshold. On the other hand, when the actual
measurement value is equal to or higher than the lower limit
threshold and equal to or lower than the upper limit threshold,
the operation measurement value generator 112 of the control
1C 110 determines that the actual measurement value does not
exceed the abnormality determination threshold. It should be
noted that the configuration and the basic control method of
the motor control device 100 are the same as those in the
above-mentioned embodiment.

[0089] FIG. 10 is a graph illustrating time change of the
operation measurement value that is output from the opera-
tion measurement value generator 112 of the motor control
device 100 according to the second modification. The
example of FIG. 10 assumes the case where the actual mea-
surement value that is lower than the target value at a control
cycle C0 becomes higher than the upper limit threshold set as
the abnormality determination threshold at the subsequent
control cycle C1 due to drastic change in the speed of the
motor M (decrease in the rotation speed) as in the example of
FIG. 8. Although FIG. 10 illustrates the example in which the
upper limit threshold itself set as the abnormality determina-
tion threshold is used as the corrected measurement value as
in the example of FIG. 8, the corrected measurement value
may be a value different from the abnormality determination
threshold. The graph as indicated by a dashed line in FIG. 10
indicates the time change of the actual measurement value
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and the graph as indicated by a solid line in FIG. 10 indicates
the time change of the operation measurement value. The
longitudinal axis in FIG. 10 indicates the length of the pulse
period and the lateral axis indicates time.

[0090] Asillustrated in FIG. 10, in the motor control device
100 according to the second modification, when the actual
measurement value measured at the control cycle C1 is higher
than the upper limit threshold (exceeds the abnormality deter-
mination threshold) due to the drastic change in the speed of
the motor M, the operation measurement value generator 112
outputs the previous measurement value measured at the pre-
vious control cycle C0 as the operation measurement value. In
this case, the count value of the abnormality counter 113 is
incremented.

[0091] In the example of FIG. 10, thereafter, although the
actual measurement value is lower than the lower limit thresh-
old temporarily at a control cycle C2 due to the noise super-
imposition and the chattering, the actual measurement value
becomes higher than the upper limit threshold again at a
subsequent control cycle C3. In the motor control device 100
according to the second modification, every time the actual
measurement value exceeds the abnormality determination
threshold, that is, every time the actual measurement value is
higher than the upper limit threshold or is lower than the lower
limit threshold, the count value of the abnormality counter
113 is incremented. Then, the operation measurement value
generator 112 outputs the previous measurement value mea-
sured at the control cycle C0 as the operation measurement
value until the count value of the abnormality counter 113
reaches a certain number of times (three times in the example
of FIG. 10). When the count value of the abnormality counter
113 reaches the certain number of times, the operation mea-
surement value generator 112 outputs the corrected measure-
ment value as the operation measurement value. In the second
modification, the operation measurement value generator 112
sets, as the corrected measurement value, the value set in the
same direction as the direction in which the abnormality
determination threshold is set. Specifically, when the actual
measurement value exceeds first the upper limit threshold that
is set as the abnormality determination threshold in a positive
direction, the operation measurement value generator 112
sets, as the corrected measurement value, the value set in the
positive direction (in this example, the upper limit threshold).
[0092] On the other hand, when the actual measurement
value exceeds first the lower limit threshold that is set as the
abnormality determination threshold in a negative direction,
the operation measurement value generator 112 sets, as the
corrected measurement value, the value set in the negative
direction (in this example, the lower limit threshold).

[0093] In the example of FIG. 10, at the control cycle C2,
the count value of the abnormality counter 113 is twice and
does not reach three times as the certain number of times, so
that the operation measurement value generator 112 outputs
the previous measurement value measured at the control
cycle CO as the operation measurement value. At the subse-
quent control cycle C3, the count value of the abnormality
counter 113 reaches three times as the certain number of
times, so that the operation measurement value generator 112
outputs, as the operation measurement value, the corrected
measurement value (in this example, upper limit threshold).
In this case, the actual measurement value first exceeds at the
control cycle C1 the upper limit threshold being set in the
positive direction. Therefore, the operation measurement
value generator 112 outputs, as the operation measurement
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value, the corrected measurement value (in this example, the
lower limit threshold) being set in the positive direction. The
corrected measurement value is a value higher than the target
value. Accordingly, when the corrected measurement value is
output as the operation measurement value, the command
value that is calculated based on the difference between the
target value and the operation measurement value is a com-
mand value for increasing the speed of the motor M.

[0094] Thereafter, although the actual measurement values
atacontrol cycle C4 and a control cycle C5 are higher than the
upper limit threshold, the operation measurement value gen-
erator 112 outputs the corrected measurement value (upper
limit threshold) as the operation measurement value because
the count value of the abnormality counter 113 has already
reached three times. As a result, the command value for
increasing the speed of the motor M is continuously input to
the driving circuit 103. With this, the actual measurement
value gradually makes closer to the target value. Then, the
actual measurement value is equal to or lower than the upper
limit threshold at a control cycle C6, so that the operation
measurement value generator 112 outputs the actual mea-
surement value as the operation measurement value and
resets the count value of the abnormality counter 113. There-
after, the command value is calculated based on the difference
between the target value and the actual measurement value,
and the speed of the motor M converges to the target speed.

[0095] Next, control procedures performed by the motor
control device 100 according to the second modification are
described with reference to FIG. 11. FIG. 11 is a flowchart
illustrating the control procedures performed by the motor
control device 100 in the second modification. A series of
processes as illustrated in the flowchart in FIG. 11 are
executed in the respective control cycles repeatedly.

[0096] When the process is started, first, the measuring unit
111 of the control IC 110 measures a period (pulse period) of
apulse signal that is output from the encoder 101 (step S301).
The pulse period measured by the measuring unit 111 is input
to the operation measurement value generator 112 as an
actual measurement value.

[0097] Then, the operation measurement value generator
112 determines whether the actual measurement value input
from the measuring unit 111 is lower than a lower limit
threshold (step S302). If the actual measurement value is
equal to or higher than the lower limit threshold (No at step
S302), the operation measurement value generator 112 fur-
ther determines whether the actual measurement value input
from the measuring unit 111 is higher than an upper limit
threshold (step S303). If the actual measurement value is
equal to or lower than the upper limit threshold (No at step
S303), the operation measurement value generator 112 out-
puts the actual measurement value as an operation measure-
ment value (step S304). Thereafter, the operation measure-
ment value generator 112 writes the actual measurement
value into the memory 102 and updates the previous measure-
ment value stored in the memory 102 by the new actual
measurement value (step S305). Furthermore, the operation
measurement value generator 112 resets the count value of
the abnormality counter 113 (step S306), and the process
proceeds to step S314.

[0098] On the other hand, if the actual measurement value
is determined to be higher than the upper limit threshold at
step S303 (Yes at step S303), the operation measurement
value generator 112 increments the count value of the abnor-
mality counter 113 (step S307), and then, determines whether
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the count value is smaller than the certain number of times
(step S308). If the count value of the abnormality counter 113
is smaller than the certain number of times (Yes at step S308),
the operation measurement value generator 112 outputs the
previous measurement value stored in the memory 102 as an
operation measurement value (step S309), and the process
proceeds to step S314. On the other hand, if the count value of
the abnormality counter 113 reaches the certain number of
times (No at step S308), the operation measurement value
generator 112 outputs the corrected measurement value as an
operation measurement value (step S310), and the process
proceeds to step S314.

[0099] Furthermore, if the actual measurement value is
determined to be lower than the lower limit threshold at step
S302 (Yes at step S302), the operation measurement value
generator 112 increments the count value of the abnormality
counter 113 (step S311), and then, determines whether the
count value is smaller than the certain number of times (step
S312). If the count value of the abnormality counter 113 is
smaller than the certain number of times (Yes at step S312),
the operation measurement value generator 112 outputs the
previous measurement value stored in the memory 102 as an
operation measurement value (step S309), and the process
proceeds to step S314. On the other hand, if the count value of
the abnormality counter 113 reaches the certain number of
times (No at step S312), the operation measurement value
generator 112 outputs the corrected measurement value as an
operation measurement value (step S313), and the process
proceeds to step S314.

[0100] Subsequently, the control operation unit 114 calcu-
lates a command value for controlling driving of the motor M
based on the different between the target value corresponding
to the target speed of the motor M and the operation measure-
ment value that is output from the operation measurement
value generator 112 at step S304, step S309, step S310, or step
S313 (step S314). Then, the driving circuit 103 drives the
motor M based on the command value from the control opera-
tion unit 114 (step S315), and a series of processes in the
control cycle are finished.

[0101] As described above, the motor control device 100
according to the second modification sets the two abnormal-
ity determination thresholds including the lower limit thresh-
old and the upper limit threshold. Furthermore, the motor
control device 100 according to the second modification sets
the previous measurement value stored in the memory 102 as
the operation measurement value until the number of times
that the actual measurement value exceeds the abnormality
determination threshold successively reaches the certain
number of times. When the number of times that the actual
measurement value exceeds the abnormality determination
threshold successively reaches the certain number of times,
the motor control device 100 according to the second modi-
fication sets the corrected measurement value as the operation
measurement value. Then, the motor control device 100
according to the second modification calculates a command
value for controlling driving of the motor M based on the
difference between the target value and the operation mea-
surement value. Accordingly, even when the drastic change in
the speed of the motor M occurs, the motor M can be con-
trolled stably while suppressing both of the control abnormal-
ity due to noise and chattering and the control abnormality
due to pulse missing.

[0102] In the above-mentioned description, one abnormal-
ity counter 113 counts the number of times that the actual
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measurement value is larger than the upper limit threshold
and is lower than the lower limit threshold. Alternatively, the
abnormality counters 113 of two types for the upper limit
threshold and the lower limit threshold may be used. It should
be noted that when only one abnormality counter 113 is
provided, vibration of the motor M can be detected faster and
it is effective.

[0103] In the motor control device 100 according to the
embodiment, for example, the control IC 110 executes pre-
determined control programs so as to execute the functions of
the respective units (the measuring unit 111, the operation
measurement value generator 112, the abnormality counter
113, and the control operation unit 114) of the control IC 110.
For example, the control IC 110 includes basic constituent
components constituting a computer, such as a central pro-
cessing unit (CPU), a random access memory (RAM), a read
only memory (ROM), and an input/output interface (IF) and
the CPU executes programs embedded and provided in the
ROM previously while using the RAM as a work area so as to
execute the functions of the above-mentioned respective
units. The programs that are executed by the CPU of the
control IC 110 may be recorded and provided in a computer-
readable recording medium such as a compact disc read only
memory (CD-ROM), a flexible disk (FD), a compact disc
recordable (CD-R), and a digital versatile disc (DVD), as an
installable or executable file.

[0104] The control programs that are executed by the CPU
of'the control IC 110 may be stored in a computer connected
to a network such as the Internet and provided by being
downloaded via the network. Furthermore, the control pro-
grams that are executed by the CPU of'the control IC 110 may
be provided or distributed via a network such as the Internet.
[0105] The control programs that are executed by the CPU
of the control IC 110 has a module structure including the
measuring unit 111, the operation measurement value gen-
erator 112, the abnormality counter 113, and the control
operation unit 114 as described above. As actual hardware,
for example, the CPU reads and executes the control pro-
grams from the ROM,; so that the above-mentioned respective
parts are loaded on the RAM to be generated on the RAM.
[0106] Inthe above-mentioned embodiment and modifica-
tions, although the period (pulse period) of the pulse signal
that is output from the encoder 101 is measured as the mea-
surement value corresponding to the rotation speed of the
motor M based on the configuration using the encoder 101 the
measurement value corresponding to the rotation speed of the
motor M is not limited to the pulse period. For example, when
the rotation speed of the motor M is detected by another
method using a Hall element or a resolver, for example, it is
sufficient that a value in accordance with the configuration is
measured.

[0107] Furthermore, when the number of times that the
actual measurement value exceeds the abnormality determi-
nation threshold successively reaches the certain number of
times, the abnormality determination threshold is used as the
operation measurement value in the above-mentioned
embodiment and modifications. Alternatively, a corrected
measurement value other than the abnormality determination
threshold can be used as the operation measurement value.
For example, when the abnormality determination threshold
is set as the lower limit threshold, a corrected measurement
value that is lower than the target value and is different from
the lower limit threshold may be used as the operation mea-
surement value. Furthermore, when the abnormality determi-
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nation threshold is set as the upper limit threshold, a corrected
measurement value that is higher than the target value and is
different from the upper limit threshold may be used as the
operation measurement value.
[0108] Although the image forming apparatus 1 configured
as the tandem color copying machine of the intermediate
transfer system is employed as an example of the image
forming apparatus to which the present invention can be
applied in the above-mentioned embodiments, the present
invention can be widely applied to image forming appara-
tuses of various types. In addition, the present invention is not
limited to the image forming apparatuses and can be widely
applied to apparatuses including the motor required to rotate
at the constant speed.
[0109] The present invention can provide an effect that the
motor can be controlled stably.
[0110] Although the invention has been described with
respect to specific embodiments for a complete and clear
disclosure, the appended claims are not to be thus limited but
are to be construed as embodying all modifications and alter-
native constructions that may occur to one skilled in the art
that fairly fall within the basic teaching herein set forth.
What is claimed is:
1. A motor control device comprising:
ameasuring unit configured to output a measurement value
corresponding to a rotation speed of a motor; and
a control unit configured to control driving of the motor
such that the measurement value makes closer to a target
value, wherein
the control unit is configured to:
when the measurement value does not exceed a predeter-
mined abnormality determination threshold, control the
driving of the motor based on a difference between the
measurement value and the target value, the abnormality
determination threshold being set in a positive direction
or in a negative direction with reference to the target
value, and
when the measurement value exceeds the abnormality
determination threshold, control the driving of the motor
based on a difference between a corrected measurement
value and the target value, the corrected measurement
value being set in the same direction as the direction in
which the abnormality determination threshold is set.
2. The motor control device according to claim 1, further
comprising a counter configured to count the number oftimes
that the measurement value successively exceeds the abnor-
mality determination threshold, wherein
the control unit is configured to:
until the number of times counted by the counter reaches a
certain number of times, control the driving of the motor
based on a difference between a previous measurement
value and the target value, the previous measurement
value having been output immediately before the mea-
sured value exceeds the abnormality determination
threshold and does not exceed the abnormality determi-
nation threshold and
after the number of times counted by the counter reaches
the certain number of times, control the driving of the
motor based on a difference between the corrected mea-
surement value and the target value.
3. The motor control device according to claim 2, wherein
the abnormality determination threshold includes a lower
limit threshold lower than the target value, and includes
anupper limit threshold higher than the target value, and
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the control unit is configured to:

when the measurement value is lower than the lower limit
threshold or when the measurement value is higher than
the upper limit threshold, determine that the measure-
ment value exceeds the abnormality determination
threshold, and

after the number of times reaches the certain number of

times, control the driving of the motor based on a differ-
ence between a first corrected measurement value and
the target value, the first corrected measurement value
being set in the same direction as the direction in which
the abnormality determination threshold used at a time
when the number of times counted by the counter
reaches the certain number of times is set.

4. The motor control device according to claim 1, wherein
the control unit is configured to set the abnormality determi-
nation threshold as the corrected measurement value.

5. The motor control device according to claim 1, wherein

the abnormality determination threshold is a lower limit

threshold lower than the target value, and

the control unit is configured to determine that the mea-

surement value exceeds the abnormality determination
threshold when the measurement value is lower than the
lower limit threshold.

6. The motor control device according to claim 1, wherein

the abnormality determination threshold is an upper limit

threshold higher than the target value, and

the control unit is configured to determine that the mea-

surement value exceeds the abnormality determination
threshold when the measurement value is higher than the
upper limit threshold.

7. The motor control device according to claim 1, wherein

the abnormality determination threshold includes a lower

limit threshold lower than the target value and an upper
limit threshold higher than the target value, and

the control unit is configured to determine that the mea-

surement value exceeds the abnormality determination
threshold when the measurement value is lower than the
lower limit threshold or when the measurement value is
higher than the upper limit threshold.

8. The motor control device according to claim 1, further
comprising an encoder configured to output a pulse signal in
synchronization with rotation of the motor, wherein

the measuring unit is configured to measure and output a

pulse period of the pulse signal as the measurement
value corresponding to the rotation speed of the motor.

9. An image forming apparatus comprising:

a motor for use in image formation; and

the motor control device according to claim 1.

10. A motor control method comprising:

outputting a measurement value corresponding to a rota-

tion speed of a motor; and

controlling driving of the motor such that the measurement

value makes closer to a target value, wherein

the controlling includes

controlling, when the measurement value does not exceed

a predetermined abnormality determination threshold,
the driving of the motor based on a difference between
the measurement value and the target value , the abnor-
mality determination threshold being set in a positive
direction or in a negative direction with reference to the
target value, and

controlling, when the measurement value exceeds the

abnormality determination threshold, the driving of the
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motor based on a difference between a corrected mea-
surement value and the target value, the corrected mea-
surement value being set in the same direction as the
direction in which the abnormality determination
threshold is set.



