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(54) METHOD AND APPARATUS FOR REALIZING ELECTRIC MOTOR CONTROL ON BASIS OF 
FPGA

(57) The embodiments of the present disclosure pro-
vide a method and device of controlling an electric motor
based on FPGA, including: when a medium separating
instruction has been received, acquiring a phase infor-
mation of a predetermined separating element; detecting
a predetermined medium carrying component by using
a predetermined detecting assembly, to generate a de-
tection signal; and based on the phase information and
the detection signal, controlling, by using the electric mo-
tor, the medium carrying component to move toward the

separating assembly. The embodiments of the present
disclosure, by quickly, in real time and synchronously
acquiring the phase information of the separating ele-
ment and the detection signal of the detecting assembly,
and judging whether the acquired phase information and
detection signal satisfy the predetermined conditions, ac-
curately control the timing of the movement of the medi-
um carrying component, thereby accurately controlling
the timing of the movement of the medium carrying com-
ponent.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to the technical
field of signal processing, and particularly relates to a
method of controlling an electric motor based on FPGA
and a device of controlling an electric motor based on
FPGA.

BACKGROUND

[0002] Containers used to store a medium usually in-
volve the problem how to separate the medium inside
the container. The separation of the medium inside con-
ventional containers is usually by using the friction be-
tween a separating assembly inside the container and
the medium, to realize the technical effect of separating
the medium out of the container.
[0003] However, during the process of the medium
separation, although the rotational speed of the electric
motor is constant, because of the differences in the ages,
the staining degrees, the masses, the thicknesses and
the occupied spaces of the media, the relative position
between the separating assembly and the media easily
varies. That results in that the friction between the sep-
arating assembly and the media is too large or too small,
the media and the separating element contact loosely or
tightly, the separation of the media is not performed at a
constant speed, and thus separation failure or replicated
separation of the media happen. That results in that the
quality of the separation cannot be effectively ensured.
The variations of those parameters such as distance and
friction are very subtle, but seriously affects the effect of
the medium separation. However, conventional control-
ling modes cannot realize accurate and real-time adjust-
ment. If they are not timely treated and rectified, the se-
vere consequences might be the damage of the media
and the device. Currently, a conventional treatment mode
is to control the electric motor by ARM, MCU and so on
to drive the separating assembly to separate the medium.
The conventional controlling mode can merely solve ob-
vious problems in the separation, and its real-time capa-
bility and accuracy are not sufficient to solve the problems
in the separation caused by the subtle parameter varia-
tions, and cannot realize accurate controlling and accu-
rate separation.

SUMMARY

[0004] In view of the above problems, the embodi-
ments of the present disclosure are proposed to provide
a method of controlling an electric motor based on FPGA
and a corresponding device of controlling an electric mo-
tor based on FPGA that can overcome the above prob-
lems or at least partially solve the above problems. By
using the techniques of FPGA of operation and control-
ling, the problems in the separation caused by the subtle

parameter variations are solved that cannot be solved
by the conventional controlling mode due to the real-time
capability and the accuracy.
[0005] An embodiment of the present disclosure dis-
closes a method of controlling an electric motor based
on FPGA, wherein the method comprises:

when a medium separating instruction has been re-
ceived, acquiring a phase information of a predeter-
mined separating element;
detecting a predetermined medium carrying compo-
nent by using a predetermined detecting assembly,
to generate a detection signal; and
based on the phase information and the detection
signal, controlling, by using the electric motor, the
medium carrying component to move toward the
separating element.

[0006] Optionally, the detecting assembly comprises
one or more detecting elements; the detection signal
comprises sub-signals that are generated by each of the
detecting elements; and the step of, based on the phase
information and the detection signal, controlling, by using
the electric motor, the medium carrying component to
move toward the separating element comprises:
if the phase information satisfies that the separating as-
sembly is in a first predetermined position and any one
of the sub-signals is a no-blocking signal, controlling, by
using the electric motor, the medium carrying component
to move toward the separating element.
[0007] Optionally, the separating element comprises a
leading separating element; the detecting assembly
comprises one or more detecting elements; the detection
signal comprises sub-signals that are generated by each
of the detecting elements; and the step of, based on the
phase information and the detection signal, controlling,
by using the electric motor, the medium carrying compo-
nent to move toward the separating element comprises:
if the phase information satisfies that the leading sepa-
rating element is in a first predetermined position and
any one of the sub-signals is a blocking signal, control-
ling, by using the electric motor, the medium carrying
component to move toward the separating assembly.
[0008] Optionally, the separating element comprises a
tailing separating element; the detecting assembly com-
prises one or more detecting elements; the detection sig-
nal comprises sub-signals that are generated by each of
the detecting elements; and the step of, based on the
phase information and the detection signal, controlling,
by using the electric motor, the medium carrying compo-
nent to move toward the separating element comprises:
if the phase information satisfies that the tailing separat-
ing element is in a first predetermined position and any
one of the sub-signals is a blocking signal, not moving
the medium carrying component, and generating a move-
ment marking information.
[0009] Optionally, the method further comprises:
if the phase information satisfies that the separating el-
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ement is in a second predetermined position, in response
to the movement marking information, controlling, by us-
ing the electric motor, the medium carrying component
to move toward the separating element.
[0010] Optionally, the detecting assembly comprises
one or more detecting elements; the detection signal
comprises sub-signals that are generated by each of the
detecting elements; and the step of, based on the phase
information and the detection signal, controlling, by using
the electric motor, the medium carrying component to
move toward the separating element comprises:
if the phase information satisfies that the separating el-
ement is in a second predetermined position and any one
of the sub-signals is a blocking signal, controlling, by us-
ing the electric motor, the medium carrying component
to move.
[0011] Optionally, the step of, when the medium sep-
arating instruction has been received, acquiring the first
phase information of the separating element comprises:

when the medium separating instruction has been
received, sending a collecting instruction to a prede-
termined information collecting component; and
if a feedback information that is returned with respect
to the collecting instruction has been received within
a preset duration, acquiring a phase information of
a predetermined separating element.

[0012] Optionally, the method further comprises:
if the feedback information is not received within a preset
duration, emitting an alarming signal.
[0013] An embodiment of the present disclosure fur-
ther discloses a device of controlling an electric motor
based on FPGA, wherein the device comprises:

a phase-information acquiring module configured
for, when a medium separating instruction has been
received, acquiring a phase information of a prede-
termined separating element;
a detection-signal generating module configured for
detecting a predetermined medium carrying compo-
nent by using a predetermined detecting assembly,
to generate a detection signal; and
a movement controlling module configured for,
based on the phase information and the detection
signal, controlling, by using the electric motor, the
medium carrying component to move toward the
separating assembly.

[0014] Optionally, the detecting assembly comprises
one or more detecting elements; the detection signal
comprises sub-signals that are generated by each of the
detecting elements; and the movement controlling mod-
ule comprises:
a first moving module configured for, if the phase infor-
mation satisfies that the separating assembly is in a first
predetermined position and any one of the sub-signals
is a no-blocking signal, controlling, by using the electric

motor, the medium carrying component to move toward
the separating element.
[0015] Optionally, the separating element comprises a
leading separating element; the detecting assembly
comprises one or more detecting elements; the detection
signal comprises sub-signals that are generated by each
of the detecting elements; and the movement controlling
module comprises:
a second moving module configured for, if the phase in-
formation satisfies that the leading separating element
is in a first predetermined position and any one of the
sub-signals is a blocking signal, controlling, by using the
electric motor, the medium carrying component to move.
[0016] Optionally, the separating element comprises a
tailing separating element; the detecting assembly com-
prises one or more detecting elements; the detection sig-
nal comprises sub-signals that are generated by each of
the detecting elements; and the movement controlling
module comprises:
a not-moving module configured for, if the phase infor-
mation satisfies that the tailing separating element is in
a first predetermined position and any one of the sub-
signals is a blocking signal, not moving the medium car-
rying component, and generating a movement marking
information.
[0017] Optionally, the movement controlling module
further comprises:
a third moving module configured for, if the phase infor-
mation satisfies that the separating element is in a second
predetermined position, in response to the movement
marking information, controlling, by using the electric mo-
tor, the medium carrying component to move toward the
separating element.
[0018] Optionally, the detecting assembly comprises
two detecting elements; the detection signal comprises
sub-signals that are generated by each of the detecting
elements; and the movement controlling module com-
prises:
a fourth moving module configured for, if the phase in-
formation satisfies that the separating element is in a
second predetermined position and any one of the sub-
signals is a blocking signal, controlling, by using the elec-
tric motor, the medium carrying component to move.
[0019] Optionally, the phase-information acquiring
module comprises:

a collecting-instruction sending module configured
for, when the predetermined medium separating in-
struction has been received, sending a collecting in-
struction to a predetermined information collecting
component; and
a phase-information acquiring module configured
for, if a feedback information that is returned with
respect to the collecting instruction has been re-
ceived within a preset duration, acquiring a phase
information of a predetermined separating element.

[0020] Optionally, the phase-information acquiring
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module further comprises:
an alarming module configured for, if the feedback infor-
mation is not received within a preset duration, emitting
an alarming signal.
[0021] An embodiment of the present disclosure fur-
ther discloses an electronic device, wherein the electron-
ic device comprises a memory and a processor, the mem-
ory stores a computer program, and when the computer
program is executed by the processor, the computer pro-
gram causes the processor to implement the steps of the
method of controlling an electric motor based on FPGA
according to the embodiment of the present disclosure.
[0022] An embodiment of the present disclosure fur-
ther discloses a computer program, wherein the compu-
ter program comprises a computer-readable code, and
when the computer-readable code is executed on a cal-
culating and processing device, the computer-readable
code causes the calculating and processing device to
implement the method of controlling an electric motor
based on FPGA according to the embodiment of the
present disclosure.
[0023] An embodiment of the present disclosure fur-
ther discloses a computer-readable storage medium,
wherein the computer-readable medium stores the com-
puter program according to the embodiment of the
present disclosure.
[0024] The embodiments of the present disclosure
have the following advantages:
[0025] The embodiments of the present disclosure, by
quickly, in real time and synchronously acquiring the
phase information of the separating element and the de-
tection signal of the detecting assembly, and judging
whether the acquired phase information and detection
signal satisfy the predetermined conditions, accurately
control the timing of the movement of the medium carry-
ing component, thereby accurately controlling the timing
of the movement of the medium carrying component.
[0026] The above description is merely a summary of
the technical solutions of the present disclosure. In order
to more clearly know the elements of the present disclo-
sure to enable the implementation according to the con-
tents of the description, and in order to make the above
and other purposes, features and advantages of the
present disclosure more apparent and understandable,
the particular embodiments of the present disclosure are
provided below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] In order to more clearly illustrate the technical
solutions of the embodiments of the present disclosure
or the prior art, the figures that are required to describe
the embodiments or the prior art will be briefly introduced
below. Apparently, the figures that are described below
are embodiments of the present disclosure, and a person
skilled in the art can obtain other figures according to
these figures without paying creative work.

Fig. 1 is a schematic structural diagram of medium
separation within the container according to an em-
bodiment of the present disclosure;
Figs. 2a and 2b are schematic diagrams of the rela-
tion between the separating element and the medi-
um according to an embodiment of the present dis-
closure;
Fig. 3 is a flow chart of the steps of an embodiment
of the method of controlling an electric motor based
on FPGA according to an embodiment of the present
disclosure;
Fig. 4 is a flow chart of the steps of an embodiment
of the method of controlling an electric motor based
on FPGA according to an embodiment of the present
disclosure;
Fig. 5 is a flow chart of an embodiment of the method
of controlling an electric motor based on FPGA ac-
cording to an embodiment of the present disclosure;
Fig. 6 is a structural block diagram of an embodiment
of the device of controlling an electric motor based
on FPGA according to an embodiment of the present
disclosure;
Fig. 7 schematically shows a block diagram of a cal-
culating and processing device for implementing the
method according to the present disclosure; and
Fig. 8 schematically shows a storage unit for main-
taining or carrying a program code for implementing
the method according to the present disclosure.

DETAILED DESCRIPTION

[0028] In order to make the objects, the technical so-
lutions and the advantages of the embodiments of the
present disclosure clearer, the technical solutions of the
embodiments of the present disclosure will be clearly and
completely described below with reference to the draw-
ings of the embodiments of the present disclosure. Ap-
parently, the described embodiments are merely certain
embodiments of the present disclosure, rather than all of
the embodiments. All of the other embodiments that a
person skilled in the art obtains on the basis of the em-
bodiments of the present disclosure without paying cre-
ative work fall within the protection scope of the present
disclosure.
[0029] Referring to Fig. 1, Fig. 1 shows a schematic
structural diagram of medium separation within the con-
tainer according to an embodiment of the present disclo-
sure. It comprises a separating element 101, a detecting
assembly 102, a medium carrying component 103 and
an electric motor 104.
[0030] The detecting assembly 102 is used to deter-
mine the state of the contact between the medium and
the separating element 101. In an example, the detecting
assembly 102 may be an infrared sensor, wherein the
infrared sensor emits an infrared ray to the surface of the
medium, to determine the state of the contact between
the medium and the separating element 101 according
to the returning of the infrared ray.
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[0031] The separating element 101 is used to bring the
medium out of the container by using the friction with the
medium and the compressional force of the medium car-
rying component 103.
[0032] The medium may be placed on the surface of
the medium carrying component 103, and, by controlling
by using the electric motor 104 the medium carrying com-
ponent 103 to move toward the separating assembly, the
medium and the separating element 101 can maintain a
certain compressional force therebetween, which facili-
tates the separating element 101 to bring the medium
out of the container by the friction.
[0033] It should be noted that, because the separating
element 101 rotates about a center point, as shown in
Figs. 2a and 2b, the separating element 101 and the me-
dium 105 have two position relations therebetween, a
contactable position relation (as shown in Fig. 2a) and
an untouchable position relation (as shown in Fig. 2b).
The contacting state between the separating element
101 and the medium 105 according to the present dis-
closure is generated when the separating element 101
and the medium 105 are in the contactable position re-
lation.
[0034] In Fig. 1, with the medium separation, the com-
pressional force of the separating element 101 to the
medium is gradually released, and the state of the me-
dium and the separating element 101 has a state process
of being "tight-loose-not contacted". In practical applica-
tions, when the medium and the separating element 101
are in the stages of being loose and being not contacted,
it is required to move the medium carrying component in
the direction where the separating assembly is located,
so that, during the medium separation, the separating
element 101 and the medium maintain a moderate fric-
tion therebetween.
[0035] However, when the separating element 101 and
the current medium are in the state of being loose, if the
medium carrying component 103 is immediately moved,
that will cause the change of the force, which affects the
quality of the separation. However, if the medium carrying
component 103 is not moved, in the next time of sepa-
ration, that will be looser, which results in that the quality
of the separation cannot be effectively ensured.
[0036] In view of the above problems, the core concept
of the embodiments of the present disclosure is to control
the movement of the medium carrying component ac-
cording to the phase information of the separating ele-
ment and the detection signal generated by the detecting
assembly.
[0037] That will be explained in detail with reference
to the following embodiments:
[0038] Referring to Fig. 3, Fig. 3 shows a flow chart of
the steps of an embodiment of the method of controlling
an electric motor based on FPGA according to an em-
bodiment of the present disclosure. The system compris-
es a container main body, the medium carrying compo-
nent disposed in the container main body, the detecting
assembly, the electric motor and the separating assem-

bly. The separating assembly is disposed between the
medium carrying component and the detecting assem-
bly. The separating element covers the surface of the
separating assembly. The method may particularly com-
prise the following steps:
[0039] Step 301: when a medium separating instruc-
tion has been received, acquiring a phase information of
a predetermined separating element.
[0040] The container according to the embodiments of
the present disclosure is a container that can store a me-
dium, including but not limited to a banknote chest for
storing banknotes, a bill chest for storing bills, and so on.
[0041] The medium carrying component may be used
to carry the medium, and may be controlled by the electric
motor to move. The medium carrying component may
be, for example, the lifting platform for carrying the me-
dium in a banknote chest.
[0042] The electric motor is used to provide an external
driving force.
[0043] The detecting assembly may be used to detect
the position where the medium carrying component is
located. In an example, the detecting assembly may be
a sensor, for example an infrared sensor.
[0044] The medium according to the embodiments of
the present disclosure varies with the container. For ex-
ample, when the container is a banknote chest, the me-
dium may be paper bank notes of a standard size, and,
when the container is a bill chest, the medium may be
bills of a certain specification.
[0045] In the embodiments of the present disclosure,
during the medium separation, the separating element
of the medium separating assembly contacts the medium
on the medium carrying component along with the rota-
tion of the separating element, and brings the medium
out of the container by using the compressional force and
the friction between the separating element and the me-
dium, thereby realizing the medium separation. Howev-
er, during the process in which the media are gradually
separated, the quantity of the media on the medium car-
rying component is gradually reduced, and the compres-
sional force and the friction between the separating ele-
ment and the medium gradually decrease and finally dis-
appear, which affects the effect of the medium separa-
tion. In addition, the media have different ages, different
qualities and different smoothnesses, and even if the
same quantities of the media have been separated, the
spaces that are released are different. For example, an
conventional system sets that each time 10 paper ban-
knotes have been separated, the banknote holding plate
is moved, to cause the upper surface of the uppermost
paper banknote to be flush with the predetermined posi-
tion. Even so, because of the above factors, such states
that affect the quality of the medium separation still exist:
tight-loose-not contacted. Therefore, it is required to in
real time and quickly detect the state of the media and
the medium carrying component, and, when the medium
separation has proceeded to a certain extent, it is re-
quired to adjust in real time the position of the medium
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carrying component, to enable the separating element
and the medium to maintain compressional force and
friction therebetween of a certain level.
[0046] Given that the process of the medium separa-
tion proceeds continuously, the movement of the medium
carrying component must avoid affecting the effect of the
medium separation. Moreover, because the medium
separation is realized by using the compressional force
and the friction between the separating element and the
medium, in the embodiments of the present disclosure,
the different contact relations between the separating el-
ement and the medium may be used to analyze whether
the movement of the medium carrying component will
influence the medium separation.
[0047] The phase information of the separating ele-
ment may be obtained by providing the detecting unit to
detect it. In an example, because the separating element
covers the separating assembly, the diameter from the
outer surface of the separating element to the center of
the separating assembly is greater than that of the parts
that do not have the separating element. Therefore, the
detecting unit may be provided at a particular position
that has the distance of one radius from the circle center
of the separating assembly. Taking the vertical move-
ment of the medium carrying component as the example,
the detecting unit (for example, a sensor) may be provid-
ed at the position downward in the gravity direction of the
separating assembly and having the distance of one ra-
dius from the separating assembly, to detect the phase
information of the separating element and the medium
by using the detecting element. In another example, a
synchronizing assembly (fanning strip) that moves syn-
chronously with the separating element may be provided,
to feed back the movement state of the separating ele-
ment. The phase information of the separating element
is determined by disposing the detecting element at the
corresponding position of the synchronizing assembly.
[0048] Therefore, in an embodiment of the present dis-
closure, when a predetermined medium separating in-
struction has been received, the phase information of the
separating element may be acquired firstly. The medium
separating instruction may be triggered by the user click-
ing an operation interface; for example, the user clicks a
withdrawal operation on a teller machine, or the user per-
forms issuing operation on a billing machine. That may
also be triggered in other forms of interaction, which is
not particularly limited in the present disclosure.
[0049] Step 302: detecting a predetermined medium
carrying component by using a predetermined detecting
assembly, to generate a detection signal.
[0050] In an embodiment of the present disclosure, the
detecting assembly is provided inside the container, and
provided at a position directly facing the medium, and
the detecting assembly determines the state of the con-
tact between the medium and the separating element by
emitting a signal to the medium and receiving the re-
turned signal.
[0051] In an example, the detecting assembly may be

formed by a sensor. Taking an infrared sensor as the
example, the infrared sensor may comprise an emitting
end and a receiving end, wherein the emitting end may
emit an infrared ray to the medium, and the receiving end
determines the state of the contact between the medium
and the separating element by receiving the infrared ray
fed back by the medium.
[0052] Step 303: based on the phase information and
the detection signal, controlling, by using the electric mo-
tor, the medium carrying component to move toward the
separating element.
[0053] In an embodiment of the present disclosure, af-
ter the phase information of the separating element and
the detection signal of the detecting assembly have been
acquired, the electric motor may be used to control the
process of the movement of the medium carrying com-
ponent toward the separating element, including control-
ling the medium carrying component to move toward the
separating assembly and controlling the medium carry-
ing component to stop moving toward the separating as-
sembly.
[0054] It should be noted that the process of the move-
ment of the medium carrying component toward the sep-
arating element may be a process of moving vertically in
the gravity direction, and may also be a process of moving
horizontally in the horizontal direction.
[0055] The embodiments of the present disclosure, by
quickly, in real time and synchronously acquiring the
phase information of the separating element and the de-
tection signal of the detecting assembly, and judging
whether the acquired phase information and detection
signal satisfy the predetermined conditions, accurately
control the timing of the movement of the medium carry-
ing component, thereby accurately controlling the timing
of the movement of the medium carrying component.
[0056] Referring to Fig. 4, Fig. 4 shows a flow chart of
the steps of an embodiment of the method of controlling
an electric motor based on FPGA according to an em-
bodiment of the present disclosure, which may particu-
larly comprise the following steps:
[0057] Step 401: when the medium separating instruc-
tion has been received, sending a collecting instruction
to an information collecting component.
[0058] In an embodiment of the present disclosure, the
information collecting component may be a fanning strip
that is connected to the separating assembly via a gear,
and may feed back the position information of the sepa-
rating element.
[0059] After the banknote chest has received the me-
dium separating instruction, it may send a collecting in-
struction to an information processing unit of the fanning
strip, thereby acquiring the feedback information of the
fanning strip.
[0060] Step 402: if a feedback information that is re-
turned with respect to the collecting instruction has been
received within a preset duration, acquiring a phase in-
formation of a predetermined separating element.
[0061] In an embodiment of the present disclosure, the
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separating element is used to, by using its own movement
and the contact friction with the medium, drive the medi-
um to move. It may be made from rubber or another abra-
sion-resistant material that can provide a certain friction.
[0062] When a state information that is fed back by the
fanning strip is received within a preset duration, that
indicates that the fanning strip is operating normally and
can normally feed back the related data of the separating
element, and at this point a first phase information of the
separating element may be acquired.
[0063] In an embodiment of the present disclosure, if
the feedback information is not received within a preset
duration, that indicates that the fanning strip is not oper-
ating normally, and an alarming signal is emitted.
[0064] In practical applications, if the feedback infor-
mation of the information collecting component is not re-
ceived within a preset duration, that indicates that the
information collecting component is damaged, and at this
point the alarming signal may be emitted to notice the
user that the information collecting component is mal-
functioning and should be repaired timely, to prevent its
long-time failure during the medium separation. The state
of the damage of the medium may particularly be ex-
pressed as a real-time pop-up window in the user inter-
face to notice the user, or a signal lamp may be provided,
to notice the user by using the flicker of the signal lamp.
For example, a machine administrator at the background
of a bank or a maintainer of a self-service machine for
self-service selling air tickets or high-speed rail tickets
can timely receive the breakdown signal, and timely in-
spect the banknote chest or the ticket chest. The mode
of the signal notice is not particularly limited in the em-
bodiments of the present disclosure.
[0065] Step 403: detecting a predetermined medium
carrying component by using a predetermined detecting
assembly, to generate a detection signal.
[0066] In an embodiment of the present disclosure, the
detecting assembly is provided inside the container, and
provided at a position directly facing the medium, and
the detecting assembly determines the state of the con-
tact between the medium and the separating element by
emitting a signal to the medium and receiving the re-
turned signal.
[0067] In an example, the detecting assembly may be
formed by a sensor. Taking an infrared sensor as the
example, the infrared sensor may comprise an emitting
end and a receiving end, wherein the emitting end may
emit an infrared ray to the medium, and the receiving end
determines the state of the contact between the medium
and the separating element by receiving the infrared ray
fed back by the medium.
[0068] It should be noted that, in the actual working
scenes, the medium separation is a very quick process,
and the magnitudes of the signals that are required to be
collected by the detecting unit for detecting the separat-
ing element and the detecting assembly for detecting the
state of the medium are of the order of millisecond. In
order to accurately collect the pulse signals, in an exam-

ple of the present disclosure, the pulse signals may be
collected by using FPGA (Field-Programmable Gate Ar-
ray). The response speed of FPGA can easily reach the
order of nanosecond, and the precision can reach the
order of picosecond. In addition, FPGA can parallelly col-
lect multiple signals; for example, it can parallelly collect
at a high speed the phase information of the separating
element and the position information of the medium car-
rying component. Therefore, it can accurately collect the
pulse signals generated by the detecting assembly,
whereby the contact relation between the separating el-
ement and the medium can be accurately determined.
[0069] Step 404: based on the phase information and
the detection signal, controlling, by using the electric mo-
tor, the medium carrying component to move toward the
separating assembly.
[0070] In an embodiment of the present disclosure, af-
ter the phase information of the separating element and
the detection signal of the detecting assembly have been
acquired, the electric motor may be used to control the
process of the movement of the medium carrying com-
ponent toward the separating element, including control-
ling the medium carrying component to move toward the
separating assembly and controlling the medium carry-
ing component to stop moving toward the separating as-
sembly.
[0071] It should be noted that the process of the move-
ment of the medium carrying component toward the sep-
arating element may be a process of moving vertically in
the gravity direction, and may also be a process of moving
horizontally in the horizontal direction.
[0072] In an embodiment of the present disclosure, the
separating element may be formed by two parts, a lead-
ing separating element and a tailing separating element,
wherein the leading separating element, in the process
of the rotation following the separating assembly, con-
tacts the medium earlier than the tailing separating ele-
ment.
[0073] The detecting assembly comprises one or more
detecting elements, which may simultaneously emit sig-
nals toward the medium to acquire the signals returned
by the medium.
[0074] In the actual scenes, the separating element
and the medium have three states of contact therebe-
tween, including a tight state in which the compressional
force is sufficient, a loose state in which the compres-
sional force is not sufficient, and a not-contacted state in
which a compressional force does not exist. During the
process of the medium separation, if the medium carrying
component does not move, the state of contact between
the separating element and the medium will change from
being tight to being loose and then to being not contacted.
Moreover, at the moment of being loose, in order to en-
sure the effect of the medium separation, it is required
to adjust the medium carrying component, whereby the
state of contact between the separating element and the
medium reaches the degree of being tight, to reach the
suitable separation pressure and friction.
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[0075] In an embodiment of the present disclosure, it
may be judged by using the sub-signals detected by the
at least one detecting element whether the separating
element and the medium are in the state of being loose.
In an example, taking two detecting elements as the ex-
ample, when any one of the sub-signals is a no-blocking
signal, it can be determined that the separating element
and the medium are in the state of being loose. If it is
detected that the separating element and the medium
are in the state of being loose, by referring to the phase
information of the separating element, it can be deter-
mined whether the medium carrying component is re-
quired to be moved.
[0076] In a scene, if the phase information satisfies that
the separating assembly is in a first predetermined posi-
tion and any one of the sub-signals is a blocking signal,
the medium carrying component is controlled by using
the electric motor to move.
[0077] The first predetermined position refers to such
a position: when the separating element is in the position,
the separating element blocks the signal of the detecting
unit, thereby generating a blocking signal. When the sep-
arating element is in such a position, the separating el-
ement contacts the medium; in other words, when the
separating element is in such a position, the separating
element can bring the medium out of the container by
using the compressional force and the friction with the
medium.
[0078] When the separating assembly is in the first pre-
determined position, if at this point the separating ele-
ment and the medium are in the state of being loose, the
state of contact between the separating element and the
medium can be adjusted to the state of being tight by
properly moving the medium carrying component, there-
by effectively realizing the medium separation.
[0079] In a scene, if the phase information satisfies that
the leading separating element is in a first predetermined
position and any one of the sub-signals is a no-blocking
signal, the medium carrying component is controlled by
using the electric motor to move.
[0080] When the leading separating element is in the
first predetermined position, the separating element has
just contacted the medium, and has not driven the me-
dium to move. If at this point the separating element and
the medium are in the state of being loose, the state of
contact between the separating element and the medium
can be adjusted to the state of being tight by properly
moving the medium carrying component, thereby effec-
tively realizing the medium separation.
[0081] In another scene, if the phase information sat-
isfies that the tailing separating element is in a first pre-
determined position and any one of the sub-signals is a
no-blocking signal, the medium carrying component is
not moved, and a movement marking information is gen-
erated.
[0082] When the tailing separating element is in the
first predetermined position, the separating element is
driving the medium to move. If at this point the separating

element and the medium are in the state of being loose,
when the medium carrying component is being moved,
the force between the separating element and the medi-
um will change. Moreover, changing the borne force of
the medium in the process of moving the medium largely
prejudices the current movement action of the medium,
which affects the medium separation. For example, the
current medium that is being separated might, because
of the increased friction, be dragged and thus be not able
to be separated, or be obliquely separated. Therefore, in
this case, the medium carrying component should not be
immediately moved.
[0083] However, when the separating element and the
medium are in the state of being loose, if the state of
contact is not adjusted, in the next time of the operation
of the medium separation, the contacting borne force be-
tween the separating element and the medium will be-
come smaller, whereby the medium separation is affect-
ed, and the medium might not be able to be separated.
Therefore, before the starting of the next time of separa-
tion, it is required to move the medium carrying compo-
nent to adjust the state of contact between the separating
element and the medium. Moreover, at the stage when
the tailing separating element and the medium are con-
tacting, a movement marking information may be gener-
ated, to mark that it is required to subsequently perform
the corresponding processing based on the movement
marking information.
[0084] Particularly, if the phase information satisfies
that the separating element is in a second predetermined
position, in response to the movement marking informa-
tion, the medium carrying component is controlled by us-
ing the electric motor to move toward the separating el-
ement.
[0085] The second predetermined position refers to a
position where the separating element does not block
the signal generated by the detecting unit. When the sep-
arating element is in such a position, the separating el-
ement does not contact the medium, and at this point the
separating assembly and the medium have a certain spa-
tial difference therebetween, and the medium does not
move. Therefore, at this point, moving the medium car-
rying component will not influence the effect of the me-
dium separation. Therefore, when the separating ele-
ment is in the second predetermined position, it may be
inspected whether the movement marking information
was generated previously, and if yes, in response to the
movement marking information, the medium carrying
component is controlled by using the electric motor to
move toward the separating assembly.
[0086] In yet another scene, if the phase information
satisfies that the separating element is in a second pre-
determined position and any one of the sub-signals is a
no-blocking signal, the medium carrying component is
controlled by using the electric motor to move.
[0087] In an embodiment of the present disclosure, the
second predetermined position refers to a position where
the separating element does not block the signal gener-
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ated by the detecting unit. When the separating element
is in such a position, the medium is in a not-moving state,
and if at this point it is detected that any of the sub-signals
is a blocking signal, that indicates that, when the sepa-
rating element and the medium contact, the state of con-
tact between the separating element and the medium is
the state of being loose. At this point, the medium carrying
component should be moved, whereby, in the next time
of the operation of the medium separation, the medium
and the separating element are in the state of being tight.
[0088] The embodiments of the present disclosure, by
quickly, in real time and synchronously acquiring the
phase information of the separating element and the de-
tection signal of the detecting assembly, and judging
whether the acquired phase information and detection
signal satisfy the predetermined conditions, accurately
control the timing of the movement of the medium carry-
ing component, thereby accurately controlling the timing
of the movement of the medium carrying component.
[0089] In order to enable a person skilled in the art to
better understand the embodiments of the present dis-
closure, the embodiments of the present disclosure will
be described below by using particular examples.
[0090] Referring to Fig. 5, Fig. 5 shows a flow chart of
an embodiment of the method of controlling an electric
motor based on FPGA according to an embodiment of
the present disclosure.
[0091] After the preparation for the separation has
been done, when a medium separating instruction has
been received, firstly, it is required to send a collecting
instruction to an information collecting component, and,
if the feedback information is not received within a preset
duration, that indicates that the information collecting
component is damaged, and at this point the operation
may be ended and an alarming signal may be emitted.
If a feedback information has been received within the
preset duration, the phase information of the separating
element may be acquired.
[0092] If the phase information of the separating ele-
ment is a blocking information, it is judged whether the
current stage is within the duration T1 when the leading
separating element contacts the medium or within the
duration T2 when the tailing separating element contacts
the medium.
[0093] If it is within the T1, at this point the separating
element is about to drive the medium to move. It is judged
that whether any one of top sensors is in a no-blocking
state. If yes, the medium carrying component is immedi-
ately moved upwardly, which can enable the friction be-
tween the separating element and the medium to satisfy
the requirement on the separation of the medium. If no,
the process is returned to the step of judging whether the
information collecting component is damaged. If the me-
dium carrying component has been adjusted sufficiently
in place, the adjusting of the medium carrying component
is ended, and the step of judging whether the information
collecting component is damaged is re-executed. If the
medium carrying component has not been adjusted suf-

ficiently in place, the medium carrying component is con-
tinuously moved upwardly till the medium carrying com-
ponent has been adjusted sufficiently in place.
[0094] If it is within the T2, at this point the separating
element is driving the medium to move, and the medium
is in the moving state. It is judged that whether any one
of top sensors is in a no-blocking state. If yes, the current
state is marked (at this point the medium carrying com-
ponent should not be moved immediately, to prevent ab-
normal separation of the medium during the movement
due to the variation of the force), till the phase information
of the separating element is a no-blocking information,
and, in response to the marked state, the medium carry-
ing component is moved upwardly. If no, the process is
returned to the step of judging whether the information
collecting component is damaged. If the medium carrying
component has been adjusted sufficiently in place, the
adjusting of the medium carrying component is ended,
and the step of judging whether the information collecting
component is damaged is re-executed. If the medium
carrying component has not been adjusted sufficiently in
place, the medium carrying component is continuously
moved upwardly till the medium carrying component has
been adjusted sufficiently in place.
[0095] If the phase information of the separating ele-
ment is a no-blocking information, it is judged that wheth-
er any one of top sensors is in a no-blocking state. If yes,
the medium carrying component is immediately moved
upwardly. If no, the process is returned to the step of
judging whether the information collecting component is
damaged. If the medium carrying component has been
adjusted sufficiently in place, the adjusting of the medium
carrying component is ended, and the step of judging
whether the information collecting component is dam-
aged is re-executed. If the medium carrying component
has not been adjusted sufficiently in place, the medium
carrying component is continuously moved upwardly till
the medium carrying component has been adjusted suf-
ficiently in place.
[0096] It should be noted that, regarding the process
embodiments, for brevity of the description, all of them
are expressed as the combination of a series of actions,
but a person skilled in the art should know that the em-
bodiments of the present disclosure are not limited by
the sequences of the actions that are described, because
according to the embodiments of the present disclosure,
some of the steps may have other sequences or be per-
formed simultaneously. Secondly, a person skilled in the
art should also know that all of the embodiments de-
scribed in the description are preferable embodiments,
and not all of the actions that they involve are required
by the embodiments of the present disclosure.
[0097] Referring to Fig. 6, Fig. 6 shows a structural
block diagram of an embodiment of the device of con-
trolling an electric motor based on FPGA according to an
embodiment of the present disclosure, which may par-
ticularly comprise the following modules:
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a phase-information acquiring module 601 config-
ured for, when a medium separating instruction has
been received, acquiring a phase information of a
predetermined separating element;
a detection-signal generating module 602 config-
ured for detecting a predetermined medium carrying
component by using a predetermined detecting as-
sembly, to generate a detection signal; and
a movement controlling module 603 configured for,
based on the phase information and the detection
signal, controlling, by using the electric motor, the
medium carrying component to move toward the
separating assembly.

[0098] In an embodiment of the present disclosure, the
detecting assembly comprises one or more detecting el-
ements; the detection signal comprises sub-signals that
are generated by each of the detecting elements; and
the movement controlling module 603 comprises:
a first moving module configured for, if the phase infor-
mation satisfies that the separating assembly is in a first
predetermined position and any one of the sub-signals
is a no-blocking signal, controlling, by using the electric
motor, the medium carrying component to move toward
the separating element.
[0099] In an embodiment of the present disclosure, the
separating element comprises a leading separating ele-
ment; the detecting assembly comprises one or more
detecting elements; the detection signal comprises sub-
signals that are generated by each of the detecting ele-
ments; and the movement controlling module 603 may
comprise:
a second moving module configured for, if the phase in-
formation satisfies that the leading separating element
is in a first predetermined position and any one of the
sub-signals is a no-blocking signal, controlling, by using
the electric motor, the medium carrying component to
move.
[0100] In an embodiment of the present disclosure, the
separating element comprises a tailing separating ele-
ment; the detecting assembly comprises one or more
detecting elements; the detection signal comprises sub-
signals that are generated by each of the detecting ele-
ments; and the movement controlling module 603 may
comprise:
a not-moving module configured for, if the phase infor-
mation satisfies that the tailing separating element is in
a first predetermined position and any one of the sub-
signals is a no-blocking signal, not moving the medium
carrying component, and generating a movement mark-
ing information.
[0101] In an embodiment of the present disclosure, the
movement controlling module 603 further comprises:
a third moving module configured for, if the phase infor-
mation satisfies that the separating element is in a second
predetermined position, in response to the movement
marking information, controlling, by using the electric mo-
tor, the medium carrying component to move toward the

separating element.
[0102] In an embodiment of the present disclosure, the
detecting assembly comprises one or more detecting el-
ements; the detection signal comprises sub-signals that
are generated by each of the detecting elements; and
the movement controlling module 603 may comprise:
a fourth moving module configured for, if the phase in-
formation satisfies that the separating element is in a
second predetermined position and any one of the sub-
signals is a no-blocking signal, controlling, by using the
electric motor, the medium carrying component to move.
[0103] In an embodiment of the present disclosure, the
phase-information acquiring module 601 may comprise:

a collecting-instruction sending module configured
for, when the medium separating instruction has
been received, sending a collecting instruction to an
information collecting component; and
a phase-information acquiring module configured
for, if a feedback information that is returned with
respect to the collecting instruction has been re-
ceived within a preset duration, acquiring a phase
information of a predetermined separating element.

[0104] In an embodiment of the present disclosure, the
phase-information acquiring module 501 may further
comprise:
an alarming module configured for, if the feedback infor-
mation is not received within a preset duration, emitting
an alarming signal.
[0105] An embodiment of the present disclosure fur-
ther discloses an electronic device, wherein the electron-
ic device comprises a memory and a processor, the mem-
ory stores a computer program, and when the computer
program is executed by the processor, the computer pro-
gram causes the processor to implement the steps of the
method of controlling an electric motor based on FPGA
according to the embodiment of the present disclosure.
[0106] An embodiment of the present disclosure fur-
ther discloses a computer program, wherein the compu-
ter program comprises a computer-readable code, and
when the computer-readable code is executed on a cal-
culating and processing device, the computer-readable
code causes the calculating and processing device to
implement the method of controlling an electric motor
based on FPGA according to any one of the embodi-
ments of the present disclosure.
[0107] An embodiment of the present disclosure fur-
ther discloses a computer-readable storage medium,
wherein the computer-readable medium stores the com-
puter program according to the embodiment of the
present disclosure. The computer-readable storage me-
dium includes any mechanism for storing or transmitting
information in a form readable by a computer (for exam-
ple, a computer). For example, the computer-readable
storage medium includes a read-only memory (ROM), a
random access memory (RAM), a magnetic-disk storage
medium, an optical storage medium, a flash storage me-
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dium, a propagation signal in an electric, optical, acoustic
or other form (for example, a carrier wave, an infrared
signal and a digital signal) and so on.
[0108] The above-described device embodiments are
merely illustrative, wherein the units that are described
as separate components may or may not be physically
separate, and the components that are displayed as units
may or may not be physical units; in other words, they
may be located at the same one location, and may also
be distributed to a plurality of network units. Part or all of
the modules may be selected according to the actual
demands to realize the purposes of the solutions of the
embodiments. A person skilled in the art can understand
and implement the technical solutions without paying cre-
ative work.
[0109] Each component embodiment of the present
disclosure may be implemented by hardware, or by soft-
ware modules that are operated on one or more proces-
sors, or by a combination thereof. A person skilled in the
art should understand that some or all of the functions of
some or all of the components of the calculating and
processing device according to the embodiments of the
present disclosure may be implemented by using a mi-
croprocessor or a digital signal processor (DSP) in prac-
tice. The present disclosure may also be implemented
as apparatus or device programs (for example, computer
programs and computer program products) for imple-
menting part of or the whole of the method described
herein. Such programs for implementing the present dis-
closure may be stored in a computer-readable medium,
or may be in the form of one or more signals. Such signals
may be downloaded from an Internet website, or provided
on a carrier signal, or provided in any other forms.
[0110] For example, Fig. 7 shows a calculating and
processing device that can implement the method ac-
cording to the present disclosure. The calculating and
processing device traditionally comprises a processor
710 and a computer program product or computer-read-
able medium in the form of a memory 720. The memory
720 may be electronic memories such as flash memory,
EEPROM (Electrically Erasable Programmable Read
Only Memory), EPROM, hard disk or ROM. The memory
720 has the storage space 730 of the program code 731
for implementing any steps of the above method. For
example, the storage space 730 for program code may
contain program codes 731 for individually implementing
each of the steps of the above method. Those program
codes may be read from one or more computer program
products or be written into the one or more computer
program products. Those computer program products in-
clude program code carriers such as hard disk, compact
disk (CD), memory card or floppy disk as shown in Fig.
8. Such computer program products are usually portable
or fixed storage units. The storage unit may have storage
segments or storage spaces with similar arrangement to
the memory 720 of the calculating and processing device
in Figure 7. The program codes may for example be com-
pressed in a suitable form. Generally, the storage unit

contains a computer-readable code 731’, which can be
read by a processor like 710. When those codes are ex-
ecuted by the calculating and processing device, the
codes cause the calculating and processing device to
implement each of the steps of the method described
above.
[0111] The "one embodiment", "an embodiment" or
"one or more embodiments" as used herein means that
particular features, structures or characteristics de-
scribed with reference to an embodiment are included in
at least one embodiment of the present disclosure. More-
over, it should be noted that here an example using the
wording "in an embodiment" does not necessarily refer
to the same one embodiment.
[0112] The description provided herein describes
many concrete details. However, it can be understood
that the embodiments of the present disclosure may be
implemented without those concrete details. In some of
the embodiments, well-known processes, structures and
techniques are not described in detail, so as not to affect
the understanding of the description.
[0113] In the claims, any reference signs between pa-
rentheses should not be construed as limiting the claims.
The word "comprise" does not exclude elements or steps
that are not listed in the claims. The word "a" or "an"
preceding an element does not exclude the existing of a
plurality of such elements. The present disclosure may
be implemented by means of hardware comprising sev-
eral different elements and by means of a properly pro-
grammed computer. In unit claims that list several devic-
es, some of those devices may be embodied by the same
item of hardware. The words first, second, third and so
on do not denote any order. Those words may be inter-
preted as names.
[0114] Finally, it should be noted that the above em-
bodiments are merely intended to explain the technical
solutions of the present disclosure, and not to limit them.
Although the present disclosure is explained in detail by
referring to the above embodiments, a person skilled in
the art should understand that he can still modify the tech-
nical solutions set forth by the above embodiments, or
make equivalent substitutions to part of the technical fea-
tures of them. However, those modifications or substitu-
tions do not make the essence of the corresponding tech-
nical solutions depart from the spirit and scope of the
technical solutions of the embodiments of the present
disclosure.

Claims

1. A method of controlling an electric motor based on
FPGA, wherein the method comprises:

when a medium separating instruction has been
received, acquiring a phase information of a pre-
determined separating element;
detecting a predetermined medium carrying

19 20 



EP 3 940 657 A1

12

5

10

15

20

25

30

35

40

45

50

55

component by using a predetermined detecting
assembly, to generate a detection signal; and
based on the phase information and the detec-
tion signal, controlling, by using the electric mo-
tor, the medium carrying component to move
toward the separating element.

2. The method according to claim 1, wherein the de-
tecting assembly comprises one or more detecting
elements; the detection signal comprises sub-sig-
nals that are generated by each of the detecting el-
ements; and the step of, based on the phase infor-
mation and the detection signal, controlling, by using
the electric motor, the medium carrying component
to move toward the separating element comprises:
if the phase information satisfies that the separating
assembly is in a first predetermined position and any
one of the sub-signals is a no-blocking signal, con-
trolling, by using the electric motor, the medium car-
rying component to move toward the separating el-
ement.

3. The method according to claim 1, wherein the sep-
arating element comprises a leading separating el-
ement; the detecting assembly comprises one or
more detecting elements; the detection signal com-
prises sub-signals that are generated by each of the
detecting elements; and the step of, based on the
phase information and the detection signal, control-
ling, by using the electric motor, the medium carrying
component to move toward the separating element
comprises:
if the phase information satisfies that the leading sep-
arating element is in a first predetermined position
and any one of the sub-signals is a no-blocking sig-
nal, controlling, by using the electric motor, the me-
dium carrying component to move toward the sepa-
rating element.

4. The method according to claim 3, wherein the sep-
arating element further comprises a tailing separat-
ing element; and the step of, based on the phase
information and the detection signal, controlling, by
using the electric motor, the medium carrying com-
ponent to move toward the separating element fur-
ther comprises:
if the phase information satisfies that the tailing sep-
arating element is in a first predetermined position
and any one of the sub-signals is a no-blocking sig-
nal, not moving the medium carrying component,
and generating a movement marking information.

5. The method according to claim 4, wherein the meth-
od further comprises:
if the phase information satisfies that the separating
element is in a second predetermined position, in
response to the movement marking information,
controlling, by using the electric motor, the medium

carrying component to move toward the separating
assembly.

6. The method according to claim 1, wherein the de-
tecting assembly comprises one or more detecting
elements; the detection signal comprises sub-sig-
nals that are generated by each of the detecting el-
ements; and the step of, based on the phase infor-
mation and the detection signal, controlling, by using
the electric motor, the medium carrying component
to move toward the separating element comprises:
if the phase information satisfies that the separating
element is in a second predetermined position and
any one of the sub-signals is a no-blocking signal,
controlling, by using the electric motor, the medium
carrying component to move.

7. The method according to claim 1, wherein the step
of, when the medium separating instruction has been
received, acquiring the phase information of the pre-
determined separating element comprises:

when the medium separating instruction has
been received, sending a collecting instruction
to a predetermined information collecting com-
ponent; and
if a feedback information that is returned with
respect to the collecting instruction has been re-
ceived within a preset duration, acquiring a
phase information of a predetermined separat-
ing element.

8. The method according to claim 7, wherein the meth-
od further comprises:
if the feedback information is not received within a
preset duration, emitting an alarming signal.

9. A device of controlling an electric motor based on
FPGA, wherein the device comprises:

a phase-information acquiring module config-
ured for, when a medium separating instruction
has been received, acquiring a phase informa-
tion of a predetermined separating element;
a detection-signal generating module config-
ured for detecting a predetermined medium car-
rying component by using a predetermined de-
tecting assembly, to generate a detection signal;
and
a movement controlling module configured for,
based on the phase information and the detec-
tion signal, controlling, by using the electric mo-
tor, the medium carrying component to move
toward the separating assembly.

10. An electronic device, wherein the electronic device
comprises a memory and a processor, the memory
stores a computer program, and when the computer
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program is executed by the processor, the computer
program causes the processor to implement the
steps of the method of controlling an electric motor
based on FPGA according to any one of claims 1 to 8.

11. A computer program, wherein the computer program
comprises a computer-readable code, and when the
computer-readable code is executed on a calculat-
ing and processing device, the computer-readable
code causes the calculating and processing device
to implement the method of controlling an electric
motor based on FPGA according to any one of claims
1 to 8.

12. A computer-readable medium, wherein the compu-
ter-readable medium stores the computer program
according to claim 10.
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