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ABSTRACT

A sewing machine includes a rotational speed determination unit configured to
determine a rotational speed instruction value on the basis of information from a
movement detection sensor that detects movement of a workpiece and a predetermined
sewing pitch amount, an upper limit rotational speed setting unit configured to set an
upper limit rotational speed value, a rotational speed control unit configured to control a
rotational speed to the rotational speed instruction value and control the rotational speed
to the upper limit rotational speed value when the rotational speed instruction value
reaches the upper limit rotational speed value, and a sewing machine motor driven at the
controlled rotational speed to operate a needle. Rotational speed control of the sewing
machine motor according to a movement amount of the workpiece is executed, but the

rotational speed is controlled so as not to exceed the upper limit rotational speed.
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SEWING MACHINE AND METHOD FOR CONTROLLING SEWING MACHINE

[RELATED APPLICATIONS]

This application claims priority to Japanese Patent Application No. 2023-032217
entitled "SEWING MACHINE AND METHOD FOR CONTROLLING SEWING
MACHINE" filed on March 2, 2023, the disclosure of which is hereby incorporated by

reference in its entirety herein.

BACKGROUND
1. TECHNICAL FIELD
[0001] The present disclosure relates to a sewing machine and a method for controlling

the sewing machine.

2. RELATED ART

[0002] For example, as disclosed in JP 2018-110608 A, there is a sewing machine
configured to keep a sewing pitch constant by monitoring movement of a workpiece by a
sensor, and controlling a rotational speed of a sewing machine motor that operates a

needle according to the movement amount of the workpiece.

SUMMARY
[0004] The sewing machine as disclosed in JP 2018-110608 A controls the rotational
speed of the sewing machine motor using only movement amount of the workpiece
calculated on the basis of the detection signal from the sensor as a parameter.

However, in JP 2018-110608 A, flexible control of the sewing machine based on
various input information has not been studied.

Accordingly, a mechanism for flexibly controlling a sewing machine based on
various input information is provided herein.

[0005] For this object, as an example, configurations according to the claims are
employed.

The disclosure herein includes a plurality of configurations and methods for
achieving the object, and an example thereof relates to a sewing machine. The sewing
machine includes the following components: a rotational speed determination unit
configured to determine a rotational speed instruction value on the basis of information
from a movement detection sensor for detecting movement of a workpiece and a
predetermined sewing pitch amount; an upper limit rotational speed setting unit

configured to set an upper limit rotational speed value; a rotational speed control unit
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configured to control a rotational speed to the rotational speed instruction value, wherein
the rotational speed control unit is configured to control the rotational speed to the upper
limit rotational speed value if the rotational speed instruction value reaches the upper limit
rotational speed value; and a sewing machine motor that operates a needle at the
controlled rotational speed.

[0006] According to the embodiment above, it is possible to provide a mechanism for
flexibly controlling the sewing machine based on various input information.

Other aspects are disclosed in the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] FIG. 1 is an exemplary view illustrating an example of a sewing machine;

FIG. 2 is an example of an enlarged view illustrating a portion of a movement
detection sensor in the sewing machine illustrated in FIG. 1, including a partial cross
section;

FIG. 3 is an exemplary block diagram illustrating an example of a processor that
drives a sewing machine motor;

FIG. 4 is an exemplary control chart illustrating a rotational speed of the sewing
machine motor with respect to a moving speed of a workpiece;

FIG. 5 is an exemplary flowchart illustrating an example of sewing operation
start/stop control executed by the processor;

FIG. 6 is an exemplary flowchart illustrating a first example of rotational speed
control executed by the processor during a sewing operation;

FIG. 7 is an exemplary flowchart illustrating a second example of the rotational
speed control executed by the processor during the sewing operation;

FIG. 8 is an exemplary flowchart illustrating a third example of the rotational
speed control executed by the processor during the sewing operation; and

FIG. 9 is an exemplary flowchart illustrating a fourth example of the rotational

speed control executed by the processor during the sewing operation.

DETAILED DESCRIPTION
[0008] Hereinafter, some embodiments will be described by illustrating specific
examples.
[0009] FIG. 1 illustrates an example of a sewing machine. The sewing machine 1
operates a needle 3 by a sewing machine motor 2 via the known link mechanism, and
executes a sewing operation in synchronization with the movement of a workpiece (not

illustrated) pressed with a presser 4 and manipulated by a user.  In the sewing operation,
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an upper thread and a lower thread (not illustrated) are crossed to form seams on the
workpiece. A sewing pitch means an interval between the seams. The presser 4 is
attached to a presser rod 5 that can move up and down in accordance with the operation
of the needle 3. As illustrated in FIG. 2, a movement detection sensor 6 is incorporated
in the presser 4. The movement detection sensor 6 comprises, for example, an image
sensor, and performs image processing on image data obtained by imaging the surface of
the workpiece by the image sensor to acquire information regarding the movement of the
workpiece. Alternatively, an optical sensor can be used for the movement detection
sensor 6. The optical sensor scans the surface contour of the workpiece using visible light,
infrared rays, or the like to detect the movement amount of the workpiece.

[0010] In addition, the sewing machine 1 includes a start/stop key 7, a speed controller
8, and a touch panel display 9 at positions where the user can easily operate. The
start/stop key 7 is used for a start/stop control of the sewing operation, and is provided as
a push button in this example. In this example, the speed controller 8 is an analog device
comprising a sliding knob whose output level varies according to a position where the
user slides the knob left and right. ~ Although the sliding knob is illustrated as an example,
a rotary knob or other possible devices may be used. Alternatively, a digital device,
which processes an input in digital form, may be used. As an example, a display 9 is
provided as a liquid crystal panel. The display 9 displays a function and an operation
state of the sewing machine 1, and is also used to input various parameters by touching a
setting screen or the like.  In particular, in this example, a user can perform setting input
of the sewing pitch by touching a predetermined region of the display 9 displaying the
setting screen.

[0011] In an example, a foot controller 10 can be connected to the sewing machine 1
through an input/output terminal. The foot controller 10 has a footboard 12 which is
pivotally attached in a swingable manner to a base 11. The footboard 12 is biased to
return when a user's foot is moved away so that an output is generated by depressing the
footboard 12 against the biasing force. The foot controller 10 has an encoder 13 which
is built in the base 11.  An output corresponding to a depression amount of the footboard
12 is thereby obtained. The output may be an analog signal or digital information.
[0012] [Example of Processor]

FIG. 3 is a block diagram illustrating an example of a processor 100 provided
for the sewing machine 1 and configured to control the sewing operation. The processor
(CPU) 100 includes, for example, an application specific integrated circuit (ASIC), a
field-programmable gate array (FPGA), or a programmable logic controller (PLC), and

executes a computer program stored in an external or internal memory to control the
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sewing operation. In the processor 100, each of units as described below can be
configured as a software module or a hardware module.

[0013] The processor 100 includes a general purpose input/output (GP1O) 101, A/D
converters 102 and 103, a serial communication control unit 104, and a touch panel
control unit 105, as input units. The GPIO 101 is a terminal to which a signal from the
start/stop key 7 is input. The A/D converter 102 converts the analog output from the
foot controller 10 into a digital form. The A/D converter 103 converts the analog output
from the speed controller 8 into a digital form. The serial communication control unit
104 receives information from the movement detection sensor 6. The touch panel
control unit 105 totally controls the display 9, and in particular, allows a user to input the
setting of a sewing pitch amount by touching the setting screen displayed on the display
9, and receives the input information.

[0014] Particularly, the start/stop key 7 generates a high level signal when pressed, and
maintains a low level signal when not pressed. When a user presses the start/stop key 7
in order to start the sewing operation (in other words, at the time of stopping the sewing
operation) and a high level signal is thereby provided to the GPIO 101, the processor 100,
which has detected this high level signal, starts to drive the sewing machine motor 2 at
the minimum rotational speed. When the user presses the start/stop key 7 during the
sewing operation and a high level signal is thereby provided to the GPIO 101, the
processor 100, which has detected this high level signal, stops the driving of the sewing
machine motor 2.

[0015] The analog output of the foot controller 10 is at the lowest level when the foot
controller 10 is released (there is no depression). When the foot controller 10 is
depressed, the level of the analog output increases according to the depression amount.
When a user depresses the foot controller 10 at the time of stopping the sewing operation,
the level of the analog output rises from the minimum level, and the processor 100, which
has detected this output rise, starts to drive the sewing machine motor 2 at the minimum
rotational speed. Then, the processor 100 detects the depression amount of the foot
controller 10 based on the increased analog output level and sets an upper limit rotational
speed value for the sewing machine motor 2.  When the user releases (takes his or her
foot off) the depression of the foot controller 10 during the sewing operation, the analog
output decreases to the lowest level, and the processor 100, which has detected this output
decrease, may perform control to stop the driving of the sewing machine motor 2.

[0016] The speed controller 8, which is a sliding knob in this embodiment, changes the
analog output level according to the position where a user slides and stops the knob. The

processor 100 sets the upper limit rotational speed value for the sewing machine motor 2
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according to the output level (in other words, the position of the knob) of the speed
controller 8 during the sewing operation.

[0017] The movement detection sensor 6 periodically executes serial communication
with the processor 100 via the serial communication control unit 104, and information
regarding the movement amount of the workpiece detected by the movement detection
sensor 6 is periodically received as serial data. Then, the processor 100 determines a
rotational speed instruction value for the sewing machine motor 2 so that the sewing pitch
becomes constant, on the basis of the sewing pitch amount set according to sewing pitch
setting input by a user and the moving speed of the workpiece based on the information
of the movement detection sensor 6.

[0018] The setting of the sewing pitch input by a user touching the display 9 is provided
to the processor 100 through the touch panel control unit 105.

[0019] The processor 100 includes a GPIO 106 and a pulse width modulation (PWM)
unit 107, as output units. The GPIO 106 provides an ON signal (High level) and an OFF
signal (Low level) to the sewing machine motor 2. In accordance with this signaling,
the driving power supply for the sewing machine motor 2 is turned on or off. The PWM
unit 107 generates a current value corresponding to a rotational speed controlled as
described later with a pulse width modulation (PWM) waveform and provides the current
value to the sewing machine motor 2. The sewing machine motor 2 is operated at the
controlled rotational speed to operate the needle 3.

[0020] The processor 100 includes a drive start/stop control unit 110, a minimum
rotational speed setting unit 111, an upper limit rotational speed setting unit 112, a
rotational speed determination unit 113, and a rotational speed control unit 114 in order
to execute control of start/stop of the sewing operation (drive start/stop of the sewing
machine motor 2) and control of rotational speed of the sewing machine motor 2 during
the sewing operation.

[0021] The drive start/stop control unit 110 receives a signal of the start/stop key 7 from
the GPIO 101, and receives an output of the foot controller 10 which has been converted
into a digital form by the A/D converter 102. In response to these inputs, the drive
start/stop control unit 110 provides an ON signal or an OFF signal to the sewing machine
motor 2 via the GPIO 106.

[0022] The minimum rotational speed setting unit 111 receives a signal of the start/stop
key 7 from the GPIO 101, and receives an output of the foot controller 10 which has been
converted into a digital form by the A/D converter 102. In response to these inputs, the
minimum rotational speed setting unit 111 sets a minimum rotational speed value for the

rotational speed control unit 114.
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[0023] The upper limit rotational speed setting unit 112 receives an output of the foot
controller 10 which has been converted into a digital form by the A/D converter 102, and
receives an output of the speed controller 8 which has been converted into a digital form
by the A/D converter 103. According to the levels of these output, the upper limit
rotational speed setting unit 112 sets an upper limit rotational speed value for the
rotational speed control unit 114.

[0024] The rotational speed determination unit 113 receives information regarding
movement of the workpiece from the movement detection sensor 6 via the serial
communication control unit 104, and receives the sewing pitch amount set by a user via
the touch panel control unit 105. Based on these pieces of information, the rotational
speed determination unit 113 determines and provides a rotational speed instruction value
to the rotational speed control unit 114.

[0025] The rotational speed control unit 114 controls the PWM unit 107 according to
any one of the minimum rotational speed value, the upper limit rotational speed value,
and the rotational speed instruction value, determined by the units described above. The
rotational speed of the sewing machine motor 2 is controlled via the PWM unit 107.
[0026] By the processor 100 controlling the rotational speed to any one of the minimum
rotational speed value, the upper limit rotational speed value, and the rotational speed
instruction value, the rotational speed of the sewing machine motor 2 is controlled in the
sewing operation as in the control chart illustrated in FIG. 4. The chart of FIG. 4 is a
graph in which the horizontal axis represents the moving speed of the workpiece and the
vertical axis represents the rotational speed of the sewing machine motor 2. Before the
rotational speed instruction value by the rotational speed determination unit 113 reaches
the minimum rotational speed value by the minimum rotational speed setting unit 111,
the rotational speed is controlled to the minimum rotational speed value. Thereafter,
when the rotational speed instruction value exceeds the minimum rotational speed value,
the rotational speed is controlled to the rotational speed instruction value by the rotational
speed determination unit 113, thereby changing in accordance with the moving speed of
the workpiece. The operation of the needle 3 is adjusted so that the set sewing pitch is
achieved. Then, when the rotational speed instruction value by the rotational speed
determination unit 113 reaches the upper limit rotational speed value by the upper limit
rotational speed setting unit 112 as the moving speed of the workpiece is increased, the
rotational speed is controlled to the upper limit rotational speed value even if the moving
speed of the workpiece is further increased.

[0027] [Example of Sewing Operation Start/Stop Control]

FIG. 5 illustrates a control flowchart from the start to the stop of the sewing
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operation executed by the processor 100 through the above-described units.  This
control is started, for example, when a user turns on the main power of the sewing
machine 1 and performs touch selection of a free motion-stitch regulator (ASR) function
on the display 9.

[0028] At step S1, the drive start/stop control unit 110 determines whether the start/stop
key 7 of the sewing machine 1 is manipulated (pressed) or whether the foot controller 10
is turned on (depressed) if the foot controller 10 is connected. When neither the
start/stop key 7 is manipulated nor the foot controller 10 is turned on (NO), step S1 is
continued. When the manipulation of the start/stop key 7 or the turn-on of the foot
controller 10 is identified (Yes), the process proceeds to step S2, and at step S2, the
minimum rotational speed setting unit 111 sets the minimum rotational speed value. The
rotational speed control unit 114 controls the rotational speed to the minimum rotational
speed value, and provides the PWM waveform from the PWM unit 107 to the sewing
machine motor 2 to start driving. The sewing machine motor 2 is started at the minimum
rotational speed to cause the needle 3 to move up and down at the minimum speed (start
of sewing operation). In another example of step S1, if the foot controller 10 is
connected to the sewing machine 1, the start/stop key 7 may be disabled (in this case,
only control using the foot controller 10 may be executed). Regarding the connection
or non-connection of the foot controller 10, for example, when the foot controller 10 is
connected to the sewing machine 1 after the operation of the sewing machine 1 is started
in response to the start/stop key 7, the processor 100 can execute control to stop the
operation of the sewing machine 1 in terms of safety. ~After this stop, the process can be
re-executed from step S1.

[0029] When the minimum rotational speed value is set and the driving of the sewing
machine motor 2 is started, the process proceeds to step S3, and at step S3, the rotational
speed determination unit 113 that acquires the information from the movement detection
sensor 6 via the serial communication control unit 104 monitors the movement of the
workpiece. At step S4, the rotational speed determination unit 113 determines the
movement amount of the workpiece based on the information from the movement
detection sensor 6. If the workpiece is moved, the process proceeds to step S5, and at
step S5, a subroutine as described later for determining the rotational speed of the sewing
machine motor 2 is executed. If the workpiece is not moved, the rotational speed control
unit 114 continues to apply the minimum rotational speed value at step S6.  As the result
of executing steps S2 and S6, the sewing machine motor 2 maintains the minimum
rotational speed even if there is no movement of the workpiece during the sewing

operation, and the sewing operation is thereby maintained at the minimum speed of the
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needle 3.
[0030] At step S5, the processor 100 executes the subroutines illustrated in FIGS. 6 to
9 (described later). At step S5, using the output according to the knob position of the
speed controller 8, the output according to the depression amount of the foot controller
10, and the movement amount of the workpiece acquired from the movement detection
sensor 6 and the sewing pitch amount set by a user on the display 9, the rotational speed
control unit 114 controls the rotational speed to the minimum rotational speed value by
the minimum rotational speed setting unit 111, the upper limit rotational speed value by
the upper limit rotational speed setting unit 112, and the rotational speed instruction value
by the rotational speed determination unit 113.
[0031] According to the rotational speed controlled at step S5 or step S6, a PWM
waveform is provided from the PWM unit 107 at step S7, and the sewing machine motor
2 is driven to operate the needle 3. Then, at step S8, the drive start/stop control unit 110
determines whether the start/stop key 7 of the sewing machine 1 is manipulated (pressed)
or whether the foot controller 10 is turned off (released). When neither the start/stop
key 7 is manipulated nor the foot controller 10 is turned off (NO), the process returns to
step S3 and the rotational speed control is continued. When that the manipulation of the
start/stop key 7 or the turn-off of the foot controller 10 is identified (Yes), a stop signal is
transmitted to the sewing machine motor 2 at step S9, and then the drive stop control is
executed to end the sewing operation.
[0032] [First Example of Rotational Speed Control]

FIG. 6 illustrates a flowchart of a first example of the rotational speed control
executed at step S5 of FIG. 5.
[0033] At step S10, the rotational speed determination unit 113 calculates the moving
speed of the workpiece on the basis of the information acquired from the movement
detection sensor 6. Subsequently, at step S11, the rotational speed determination unit
113 calculates the rotational speed instruction value from the sewing pitch amount set by
a user using the display 9 and the moving speed by step S10. At step S12, the upper
limit rotational speed setting unit 112 calculates an upper limit rotational speed value
according to the position of the knob from the output of the speed controller 8.
[0034] For determination at step S13, the rotational speed control unit 114 compares the
rotational speed instruction value by step S11 with the upper limit rotational speed value
by step S12 to determine whether or not the rotational speed instruction value exceeds the
upper limit rotational speed value. If the rotational speed instruction value exceeds the
upper limit rotational speed value, the process proceeds to step S14, and at step S14, the

upper limit rotational speed value is set as the rotational speed instruction value in the
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rotational speed control unit 114. In other words, the rotational speed of the sewing
machine motor 2 is maintained at the upper limit rotational speed value.
[0035] After the upper limit rotational speed value is set as the rotational speed
instruction value at step S14, or if the rotational speed instruction value does not exceed
the upper limit rotational speed value at step S13, at step S15, the rotational speed control
unit 114 compares the minimum rotational speed value set by the minimum rotational
speed setting unit 111 with the rotational speed instruction value. If the rotational speed
instruction value exceeds the minimum rotational speed value, the rotational speed
control unit 114 adopts the rotational speed instruction value as the rotational speed at
step S16. On the other hand, if the rotational speed instruction value does not exceed the
minimum rotational speed value, the rotational speed control unit 114 adopts the
minimum rotational speed value as the rotational speed at step S17. Then, the rotational
speed control unit 114 drives the sewing machine motor 2 through the PWM unit 107 at
the rotational speed. The sewing machine motor 2 is driven at the controlled rotational
speed to operate the needle 3.
[0036] [Second Example of Rotational Speed Control]

FIG. 7 illustrates a flowchart of a second example of the rotational speed control
executed at step S5 of FIG. 5.
[0037] At step S20, the rotational speed determination unit 113 calculates the moving
speed of the workpiece on the basis of the information acquired from the movement
detection sensor 6. Subsequently, at step S21, the rotational speed determination unit
113 calculates the rotational speed instruction value from the sewing pitch amount set by
the user using the display 9 and the moving speed by step S20. At step S22, the upper
limit rotational speed setting unit 112 calculates an upper limit rotational speed value
according to the depression amount from the output of the foot controller 10.
[0038] For determination at step S23, the rotational speed control unit 114 compares the
rotational speed instruction value by step S21 with the upper limit rotational speed value
by step S22 to determine whether or not the rotational speed instruction value exceeds the
upper limit rotational speed value. If the rotational speed instruction value exceeds the
upper limit rotational speed value, the process proceeds to step S24, and at step S24, the
upper limit rotational speed value is set as the rotational speed instruction value in the
rotational speed control unit 114. In other words, the rotational speed of the sewing
machine motor 2 is maintained at the upper limit rotational speed value.
[0039] After the upper limit rotational speed value is set as the rotational speed
instruction value at step S24, or if the rotational speed instruction value does not exceed

the upper limit rotational speed value at step S23, at step S25, the rotational speed control
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unit 114 compares the minimum rotational speed value set by the minimum rotational
speed setting unit 111 with the rotational speed instruction value. If the rotational speed
instruction value exceeds the minimum rotational speed value, the rotational speed
control unit 114 adopts the rotational speed instruction value as the rotational speed at
step S26. On the other hand, if the rotational speed instruction value does not exceed
the minimum rotational speed value, the rotational speed control unit 114 adopts the
minimum rotational speed value as the rotational speed at step S27. Then, the rotational
speed control unit 114 drives the sewing machine motor 2 through the PWM unit 107 at
the rotational speed. The sewing machine motor 2 is driven at the controlled rotational
speed to operate the needle 3.

[0040] [Third Example of Rotational Speed Control]

FIG. 8 illustrates a flowchart of a third example of the rotational speed control
executed at step S5 of FIG. 5. In the control according to the third example, a first upper
limit rotational speed value set according to the position of the speed controller 8 is
changed with a second upper limit rotational speed value set according to the depression
amount of the foot controller 10.

[0041] At step S30, the rotational speed determination unit 113 calculates the moving
speed of the workpiece on the basis of the information acquired from the movement
detection sensor 6. Subsequently, at step S31, the rotational speed determination unit
113 calculates the rotational speed instruction value from the sewing pitch amount set by
the user using the display 9 and the moving speed by step S30. At step S32, the upper
limit rotational speed setting unit 112 calculates the first upper limit rotational speed value
according to the position of the knob from the output of the speed controller 8.

[0042] For determination at step S33, the rotational speed control unit 114 compares the
rotational speed instruction value by step S31 with the first upper limit rotational speed
value by step S32 to determine whether or not the rotational speed instruction value
exceeds the first upper limit rotational speed value. If the rotational speed instruction
value exceeds the first upper limit rotational speed value, the process proceeds to step
S34, and at step S34, the first upper limit rotational speed value is set as the rotational
speed instruction value in the rotational speed control unit 114.

[0043] After the first upper limit rotational speed value is set as the rotational speed
instruction value at step S34, or if the rotational speed instruction value does not exceed
the first upper limit rotational speed value at step S33, at step S35, the processor 100 then
determines whether or not the foot controller 10 is connected to the sewing machine 1. If
the foot controller 10 is not connected, the process proceeds to the determination of the

minimum rotational speed value at step S39.  On the other hand, if the foot controller 10

10
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is connected, the process proceeds to step S36, and at step S36, the upper limit rotational
speed setting unit 112 calculates the second upper limit rotational speed value according
to the depression amount from the output of the foot controller 10.

[0044] Subsequently, for determination at step S37, the rotational speed control unit 114
compares the rotational speed instruction value by step S34 and the preceding steps with
the second upper limit rotational speed value by step S36 to determine whether or not the
rotational speed instruction value exceeds the second upper limit rotational speed value.
If the rotational speed instruction value exceeds the second upper limit rotational speed
value, the process proceeds to step S38, and at step S38, the second upper limit rotational
speed value is set as the rotational speed instruction value in the rotational speed control
unit 114. At this time, if the foot controller 10 is not stepped on, the second upper limit
rotational speed value is equal to the first upper limit rotational speed value. As the
result of execution of steps S37 to S38, if the second upper limit rotational speed value is
lower than the first upper limit rotational speed value, the second upper limit rotational
speed valueisused. In other words, the lower one of the two upper limit rotational speed
values is used.

[0045] After the second upper limit rotational speed value is set as the rotational speed
instruction value at step S38, or if the rotational speed instruction value does not exceed
the second upper limit rotational speed value at step S37, the rotational speed control unit
114 compares the minimum rotational speed value set by the minimum rotational speed
setting unit 111 with the rotational speed instruction value, at step S39. If the rotational
speed instruction value exceeds the minimum rotational speed value, the rotational speed
control unit 114 adopts the rotational speed instruction value as the rotational speed at
step S40. On the other hand, if the rotational speed instruction value does not exceed
the minimum rotational speed value, the rotational speed control unit 114 adopts the
minimum rotational speed value as the rotational speed at step S41.  Then, the rotational
speed control unit 114 drives the sewing machine motor 2 through the PWM unit 107 at
the rotational speed. The sewing machine motor 2 is driven at the controlled rotational
speed to operate the needle 3.

[0046] [Fourth Example of Rotational Speed Control]

FIG. 9 illustrates a flowchart of a fourth example of the rotational speed control
executed at step S5 of FIG. 5. In the control according to the fourth example, the first
upper limit rotational speed value determined according to the position of the speed
controller 8 is compared with the second upper limit rotational speed value determined
according to the depression amount of the foot controller 10, and the lower value thereof

is set as the upper limit rotational speed value.

11
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[0047] At step S50, the rotational speed determination unit 113 calculates the moving
speed of the workpiece on the basis of the information acquired from the movement
detection sensor 6. Subsequently, at step S51, the rotational speed determination unit
113 calculates the rotational speed instruction value from the sewing pitch amount set by
the user using the display 9 and the moving speed by step S50.

[0048] At step S52, the upper limit rotational speed setting unit 112 calculates the first
upper limit rotational speed value according to the position of the knob from the output
of the speed controller 8.  Further, at step S53, the upper limit rotational speed setting
unit 112 calculates the second upper limit rotational speed value according to the
depression amount from the output of the foot controller 10. Concerning the order of
execution of these steps S52 and S53, step S52 may be executed prior to step S53, and
vice versa, or steps S52 and S53 may be executed simultaneously.

[0049] At step S54, the upper limit rotational speed setting unit 112 compares the first
upper limit rotational speed value by step S52 with the second upper limit rotational speed
value by step S53 to set the lower value as the upper limit rotational speed value. Then,
for determination at step S55, the rotational speed control unit 114 compares the rotational
speed instruction value by step S51 with the upper limit rotational speed value by step
S54 to determine whether or not the rotational speed instruction value exceeds the upper
limit rotational speed value. If the rotational speed instruction value exceeds the upper
limit rotational speed value, the process proceeds to step S56, and at step S56, the upper
limit rotational speed value is set as the rotational speed instruction value in the rotational
speed control unit 114.  In other words, the rotational speed of the sewing machine motor
2 is maintained at the upper limit rotational speed value.

[0050] After the upper limit rotational speed value is set as the rotational speed
instruction value at step S56, or if the rotational speed instruction value does not exceed
the upper limit rotational speed value at step S55, at step S57, the rotational speed control
unit 114 compares the minimum rotational speed value set by the minimum rotational
speed setting unit 111 with the rotational speed instruction value. If the rotational speed
instruction value exceeds the minimum rotational speed value, the rotational speed
control unit 114 adopts the rotational speed instruction value as the rotational speed at
step S58. On the other hand, if the rotational speed instruction value does not exceed
the minimum rotational speed value, the rotational speed control unit 114 adopts the
minimum rotational speed value as the rotational speed at step S59. Then, the rotational
speed control unit 114 drives the sewing machine motor 2 through the PWM unit 107 at
the rotational speed. The sewing machine motor 2 is driven at the controlled rotational

speed to operate the needle 3.

12
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[0051] The embodiments described above by disclosing some examples have the
following advantages.

When the sewing operation is started with the start/stop key 7 or the foot
controller 10 turned on, the needle 3 initially moves slowly at the minimum rotational
speed. Thus, sewing can be performed at a constant slow speed, and stitches with an
even sewing pitch can be easily formed. In addition, when the depression of the foot
controller 10 is loosened or a user's foot is moved away during the sewing operation, the
needle 3 can be slowly moved at the minimum rotational speed, and the sewing pitch can
be easily adjusted.

[0052] When the operation speed of the needle 3 becomes too fast during the sewing
operation, it becomes difficult to control the workpiece and to maintain a constant sewing
pitch. Moreover, a user who manipulates the workpiece is likely to make a mistake.
This can be avoided by providing the upper limit rotational speed. Further, the upper
limit rotational speed can be controlled in accordance with the user's preference using the
position of the speed controller 8 or the depression of the foot controller 10. Since a
lower speed is employed as the upper limit rotational speed in a case where the upper
limit rotational speed can be set by both the speed controller 8 and the foot controller 10,
ease of control and safety are further improved.

[0053] For example, even if the foot controller 10 is fully depressed, the operation
control is executed such that the operation speed does not exceed the upper limit rotational
speed according to the speed controller 8.  Furthermore, in the rotational speed control
region (see FIG. 4) in which the rotational speed exceeds the minimum rotational speed,
the operation speed of the needle 3 is adjusted according to the moving speed of a
workpiece moved by a user, and as the user moves the workpiece faster, the operation
speed of the needle 3 becomes higher and the sewing can be performed speedily until the
rotational speed reaches the upper limit rotational speed. The upper limit rotational
speed (in other words, an upper limit operation speed of the needle 3) can be adjusted in
accordance with the position of the speed controller 8 or the depressing of the foot
controller 10.

[0054] The disclosed embodiments are not limited to the above-described examples, and
includes various modifications. For example, the above-described examples have been
described in detail for easy understanding of the embodiments, but the examples are not
necessarily limited to those having all the described configurations. A component or
components of some of the examples can be replaced with the component or components
of another example, and a component or components of some of the examples can be

added to one of the examples. For a component or components of the respective
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examples, the addition of different component(s), deletion or replacement can be made.
[0055] Some or all of the above-described configurations, functions, processing units,
processing means, and the like may be implemented using hardware, for example, by
designing with an integrated circuit.  Alternatively, the above-described configurations,
functions, and the like may be implemented using software executed by a processor
interpreting and executing programs for implementing the respective functions.
Information such as a program, a table, and a file for implementing each function can be
stored in a storage such as a memory, a hard disk, and a solid state drive (SSD), or a
recording medium such as an IC card, an SD card, and a DVD.

[0056] The control lines and the information lines indicate what is considered to be
necessary for the description, and do not necessarily indicate all the control lines and the
information lines on the product. In practice, it may be considered that almost all the
configurations are connected to each other.

[0057] The above-described examples disclose at least the claimed concepts, and
discloses, for example, the following.

[1] A sewing machine 1 includes:

a rotational speed determination unit 113 configured to determine a rotational
speed instruction value on the basis of information from a movement detection sensor 6
that detects movement of a workpiece and a predetermined sewing pitch amount (set by
a user);

an upper limit rotational speed setting unit 112 configured to set an upper limit
rotational speed value;

a rotational speed control unit 114 configured to control a rotational speed to the
rotational speed instruction value, wherein the rotational speed control unit 114 is
configured to control the rotational speed to the upper limit rotational speed value when
the rotational speed instruction value reaches the upper limit rotational speed value; and

a sewing machine motor 2 driven at the controlled rotational speed to operate a
needle 3.

[2] The upper limit rotational speed setting unit 112 is configured to set the upper limit
rotational speed value on the basis of at least an output from a speed controller 8.

[3] The upper limit rotational speed setting unit 112 is configured to set the upper limit
rotational speed value on the basis of at least an output from a foot controller 10.

[4] The upper limit rotational speed setting unit 112 is configured to set a first upper limit
rotational speed value on the basis of an output from a speed controller 8 and set a second
upper limit rotational speed value on the basis of an output from a foot controller 10, and

the rotational speed control unit 114 is configured to use the second upper limit
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rotational speed value as the upper limit rotational speed value when the second upper
limit rotational speed value is lower than the first upper limit rotational speed value.
[5] The upper limit rotational speed setting unit 112 is configured to calculate a first upper
limit rotational speed value on the basis of an output from a speed controller 8, and
calculate a second upper limit rotational speed value on the basis of an output from a foot
controller 10, wherein the upper limit rotational speed setting unit 112 is configured to
compare the first upper limit rotational speed value with the second upper limit rotational
speed value to set a lower value as the upper limit rotational speed value.
[6] The sewing machine 1 further includes:

a minimum rotational speed setting unit 111 configured to set a minimum
rotational speed value,

in which the rotational speed control unit 114 is configured to control the
rotational speed to the minimum rotational speed value until the rotational speed
instruction value exceeds the minimum rotational speed value, and control the rotational
speed to the rotational speed instruction value when the rotational speed instruction value
exceeds the minimum rotational speed value.
[7] An image sensor is used for the movement detection sensor 6, wherein image data is
obtained by imaging the workpiece with the image sensor and the image data is image-
processed to acquire the information regarding movement of the workpiece.
[8] A method for controlling a sewing machine 1, the sewing machine 1 including a
sewing machine motor 2 for operating a needle 3 and a processor 100 for controlling the
sewing machine motor 2, the method including the following steps executed by the
processor 100:

determining a rotational speed instruction value on the basis of information from
a movement detection sensor 6 that detects movement of a workpiece and a predetermined
sewing pitch amount (set by a user);

setting an upper limit rotational speed value;

controlling a rotational speed to the rotational speed instruction value, wherein
the rotational speed is controlled to the upper limit rotational speed value when the
rotational speed instruction value reaches the upper limit rotational speed value; and

driving the sewing machine motor 2 at the controlled rotational speed.
[9] In the above method, the upper limit rotational speed value is set on the basis of at
least an output from a speed controller 8.
[10] In the above method, the upper limit rotational speed value is set on the basis of at
least an output from a foot controller 10.
[11] In the above method,
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a first upper limit rotational speed value is set on the basis of an output from a
speed controller 8 and a second upper limit rotational speed value is set on the basis of an
output from a foot controller 10, and

the second upper limit rotational speed value is used as the upper limit rotational
speed value when the second upper limit rotational speed value is lower than the first
upper limit rotational speed value.

[12] In the above method,

a first upper limit rotational speed value is calculated on the basis of an output
from a speed controller 8, and a second upper limit rotational speed value is calculated
on the basis of an output from a foot controller 10, wherein the first upper limit rotational
speed value is compared with the second upper limit rotational speed value and a lower
value is set as the upper limit rotational speed value.

[13] The method further includes the following steps executed by the processor 100:
setting a minimum rotational speed value; and

controlling the rotational speed to the minimum rotational speed value until the
rotational speed instruction value exceeds the minimum rotational speed value, and
controlling the rotational speed to the rotational speed instruction value when the
rotational speed instruction value exceeds the minimum rotational speed value.

[14] A computer program (a computer program product containing computer-executable
instructions, or a computer-readable storage medium containing computer-executable
instructions) that, when executed by a processor 100 of a sewing machine 1, causes the
processor 100 to execute the method according to any one of [8] to [13] above.

[0058] The embodiments have been described with reference to several examples.
However, other than the examples, various embodiments can be conceived on the basis

of the scope understood in the above description.
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What is claimed is;

1. A sewing machine, comprising:

a rotational speed determination unit configured to determine a rotational speed
instruction value on the basis of information from a movement detection sensor that
detects movement of a workpiece and a predetermined sewing pitch amount;

an upper limit rotational speed setting unit configured to set an upper limit
rotational speed value;

a rotational speed control unit configured to control a rotational speed to the
rotational speed instruction value, wherein the rotational speed control unit is configured
to control the rotational speed to the upper limit rotational speed value when the rotational
speed instruction value reaches the upper limit rotational speed value; and

a sewing machine motor driven at the controlled rotational speed to operate a

needle.

2. The sewing machine according to claim 1, wherein the upper limit rotational
speed setting unit is configured to set the upper limit rotational speed value on the basis

of at least an output from a speed controller.

3. The sewing machine according to claim 1, wherein the upper limit rotational
speed setting unit is configured to set the upper limit rotational speed value on the basis

of at least an output from a foot controller.

4. The sewing machine according to claim 1, wherein the upper limit rotational
speed setting unit is configured to set a first upper limit rotational speed value on the basis
of an output from a speed controller and set a second upper limit rotational speed value
on the basis of an output from a foot controller, and

wherein the rotational speed control unit is configured to use the second upper
limit rotational speed value as the upper limit rotational speed value when the second

upper limit rotational speed value is lower than the first upper limit rotational speed value.

5. The sewing machine according to claim 1, wherein the upper limit rotational
speed setting unit is configured to calculate a first upper limit rotational speed value on
the basis of an output from a speed controller and calculate a second upper limit rotational
speed value on the basis of an output from a foot controller, wherein the upper limit

rotational speed setting unit is configured to compare the first upper limit rotational speed
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value with the second upper limit rotational speed value to set a lower value as the upper

limit rotational speed value.

6. The sewing machine according to any one of claims 1 to 5, further
comprising:

a minimum rotational speed setting unit configured to set a minimum rotational
speed value,

wherein the rotational speed control unit is configured to control the rotational
speed to the minimum rotational speed value until the rotational speed instruction value
exceeds the minimum rotational speed value, and control the rotational speed to the
rotational speed instruction value when the rotational speed instruction value exceeds the

minimum rotational speed value.

7. The sewing machine according to claim 1, wherein an image sensor is used
for the movement detection sensor, wherein image data is obtained by imaging the
workpiece with the image sensor and the image data is image-processed to acquire the

information regarding movement of the workpiece.

8. A method for controlling a sewing machine, the sewing machine including
a sewing machine motor for operating a needle and a processor for controlling the sewing
machine motor, the method comprising the following steps executed by the processor:

determining a rotational speed instruction value on the basis of information from
a movement detection sensor that detects movement of a workpiece and a predetermined
sewing pitch amount;

setting an upper limit rotational speed value;

controlling a rotational speed to the rotational speed instruction value, wherein
the rotational speed is controlled to the upper limit rotational speed value when the
rotational speed instruction value reaches the upper limit rotational speed value; and

driving the sewing machine motor at the controlled rotational speed.

9. The method according to claim 8, wherein the upper limit rotational speed

value is set on the basis of at least an output from a speed controller.

10. The method according to claim 8, wherein the upper limit rotational speed

value is set on the basis of at least an output from a foot controller.
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11. The method according to claim 8, wherein a first upper limit rotational
speed value is set on the basis of an output from a speed controller and a second upper
limit rotational speed value is set on the basis of an output from a foot controller, and

wherein the second upper limit rotational speed value is used as the upper limit
rotational speed value when the second upper limit rotational speed value is lower than

the first upper limit rotational speed value.

12.  The method according to claim 8, wherein a first upper limit rotational
speed value is calculated on the basis of an output from a speed controller and a second
upper limit rotational speed value is calculated on the basis of an output from a foot
controller, wherein the first upper limit rotational speed value is compared with the second
upper limit rotational speed value and a lower value is set as the upper limit rotational

speed value.

13.  The method according to any one of claims 8 to 12, further comprising the
following steps executed by the processor:

setting a minimum rotational speed value; and

controlling the rotational speed to the minimum rotational speed value until the
rotational speed instruction value exceeds the minimum rotational speed value, and
controlling the rotational speed to the rotational speed instruction value when the

rotational speed instruction value exceeds the minimum rotational speed value.
14. A computer program that, when executed by a processor of a sewing

machine, causes the processor to execute the method according to any one of claims 8 to
12.
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