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VIBRATION SUPPRESSION DEVICE
BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a vibration sup-
pression device and a machine learning device, and particu-
larly relates to a vibration suppression device that learns an
optimum acceleration/deceleration time for operation of an
industrial robot.

2. Description of the Related Art

[0002] In a manufacturing process carried out at a factory,
shortening of a manufacturing cycle time is required. As a
method of shortening the manufacturing cycle time, it is
conceivable to increase an operation speed of each manu-
facturing machine or increase acceleration. However, for
example, when a command speed of a servomotor that
drives each joint is increased or an acceleration/deceleration
time is shortened to improve an operation speed of an
industrial robot such as an articulated robot, vibration is
likely to be generated in the industrial robot.

[0003] Vibration of the industrial robot is generated
mainly during acceleration and deceleration rather than
when the servomotor that drives each joint is operating at a
constant speed. Therefore, in an operation plan for the robot,
it is important to obtain an optimum acceleration/decelera-
tion time that allows accelerate and decelerate in a shortest
time within an allowable range of vibration with respect to
an operation plan of the robot.

[0004] As a conventional technology for reducing vibra-
tion of an industrial robot, for example, Japanese Patent
Application Laid-Open No. 2011-167817 discloses a tech-
nology of attaching a sensor for detecting a position to a
robot and reducing vibration by learning a correction
amount. In addition, Japanese Patent Application Laid-Open
No. 2015-168053 discloses a method of speeding up an
operation of a robot by learning from the torque of a motor
and target error information without using a sensor.

[0005] In the technology disclosed in Japanese Patent
Application Laid-Open No. 2011-167817, vibration may be
highly accurately controlled based on sensor information.
However, iterative learning in a state in which a workpiece
is actually gripped by an industrial robot at a working site is
necessary, and there is a problem that a burden is imposed
on a user over time. In addition, a sensor is required to
perform iterative learning, and the user needs to prepare the
sensor at the working site. Thus, there is a problem that a
burden is imposed on the user in terms of cost.

[0006] Meanwhile, in Japanese Patent Application Laid-
Open No. 2015-168053, a burden on the user is reduced
because a sensor is unnecessary and re-learning within a
region is unnecessary. However, there is a problem similar
to that of Japanese Patent Application Laid-Open No. 2011-
167817 in that learning at a working site is necessary.
Further, there arises another problem that accuracy of vibra-
tion suppression is limited since there is no sensor.

SUMMARY OF THE INVENTION

[0007] In this regard, an object of the present invention is
to provide a vibration suppression device capable of learning
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an optimum acceleration/deceleration time for performing
operation of an industrial robot at a stage before shipment of
the industrial robot.

[0008] To solve the above-mentioned problem, the vibra-
tion suppression device of the invention has a function of
calculating a position of each axis and a deflection amount
of each axis during robot operation and estimating an
acceleration/deceleration time using a machine learning
device (neural network) based on the position and the
deflection amount, thereby performing an optimum accel-
eration/deceleration operation. Learning of this machine
learning device (neural network) can be performed using a
sensor at a stage before manufacturer shipment, learning of
each user at a working site is unnecessary, and the user does
not have to prepare a sensor. Thus, it is possible to provide
an optimal robot operation without imposing a burden on the
user in terms of time and cost.

[0009] The present invention is characterized in that it is
presumed that there is a correlation between the deflection
amount of the axis and the amount of vibration as described
above, and this correlation is used as an input of the machine
learning device (neural network). In general, since each axis
of a robot rotates or performs direct motion, a bearing is
present in this portion, and this portion has lower rigidity
than that of another arm portion. For this reason, deflection
occurring on the axis becomes relatively large, and contri-
bution to vibration of the robot increases. Therefore, the
deflection amount of the axis may be suitable as an input to
the machine learning device (neural network) that obtains an
acceleration/deceleration time for suppressing vibration to a
small degree.

[0010] A vibration suppression device according to an
aspect of the present invention suppresses vibration gener-
ated during an acceleration/deceleration operation of a robot
to be controlled such that the vibration corresponds to a
predetermined threshold value or less, and includes a teach-
ing position acquisition unit that acquires a teaching posi-
tion, a speed plan unit that computes a speed plan based on
the teaching position and a first acceleration/deceleration
parameter, a deflection computation unit that computes data
related to deflection occurring during the acceleration/de-
celeration operation of the robot based on the teaching
position and the speed plan, a posture data acquisition unit
that acquires data related to a posture at the teaching position
based on the teaching position, and a machine learning unit
that estimates a second acceleration/deceleration parameter
with respect to the data related to the deflection and the data
related to the posture using the data related to the deflection
and the data related to the posture as input data.

[0011] The vibration suppression device may further
include a convergence determination unit that determines
whether or not the second acceleration/deceleration param-
eter converges to the first acceleration/deceleration param-
eter, wherein when it is determined that the second accel-
eration/deceleration parameter does not converge, the
convergence determination unit may correct the first accel-
eration/deceleration parameter and command the speed plan
unit to re-compute the speed plan using a correction result.
[0012] The vibration suppression device may further
include an optimum acceleration/deceleration search unit
that searches for a fastest optimum acceleration/deceleration
parameter from among acceleration/deceleration parameters
that allow vibration of the robot kept below a predetermined
threshold value, wherein the machine learning unit may
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learn the second acceleration/deceleration parameter using
the optimum acceleration/deceleration parameter obtained
by the optimum acceleration/deceleration search unit as
teacher data. In this case, the optimum acceleration/decel-
eration search unit may obtain an optimum acceleration/
deceleration parameter using a simulator.

[0013] The machine learning unit may perform learning
using a neural network.

[0014] The vibration suppression device may be con-
nected to a plurality of robot controllers through a network,
estimate the second acceleration/deceleration parameter, and
transmit the estimated second acceleration/deceleration
parameter to each of the robot controllers.

[0015] According to the present invention, an optimum
acceleration/deceleration time of a robot may be realized
without learning at a working site. In this way, an optimum
robot operation may be realized without imposing a burden
on a user in terms of time and cost. In addition, normally, a
table, etc. needs to be used to compute an acceleration/
deceleration time from a posture of a robot and a deflection
amount of each axis. However, due to a lot of input vari-
ables, dimensions of the table are excessively large, and
mounting is practically difficult. However, in the present
invention, this problem can be avoided using a neural
network here.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a schematic hardware configuration dia-
gram of a vibration suppression device according to a first
embodiment;

[0017] FIG. 2 is a schematic function block diagram of the
vibration suppression device according to the first embodi-
ment;

[0018] FIG. 3 is a diagram illustrating an example of a
speed plan;

[0019] FIG. 4 is a diagram for description of a neural
network;

[0020] FIG. 5 is a schematic function block diagram of a
vibration suppression device according to a second embodi-
ment;

[0021] FIG. 6 is a schematic function block diagram of a
vibration suppression device according to a third embodi-
ment; and

[0022] FIG. 7 is a schematic function block diagram of a
vibration suppression device according to a fourth embodi-
ment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0023] FIG. 1 is a schematic hardware configuration dia-
gram illustrating a main part of a vibration suppression
device according to a first embodiment.

[0024] For example, the vibration suppression device 1
may be mounted as a controller that controls a robot or
mounted as a computer (for example, a cell computer, a host
computer, a cloud server, etc.) connected to the controller
that controls the robot. FIG. 1 illustrates an example of a
case in which the vibration suppression device 1 is mounted
as a controller that controls a robot 2.

[0025] A central processing unit (CPU) 11 included in the
vibration suppression device 1 according to the present
embodiment is a processor that controls the vibration sup-
pression device 1 as a whole. The CPU 11 reads a system
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program stored in a read only memory (ROM) 12 via a bus
20, and controls the entire vibration suppression device 1
according to the system program. A random access memory
(RAM) 13 temporarily stores temporary calculation data or
display data, various data input by an operator via an input
unit (not illustrated), etc.

[0026] For example, a nonvolatile memory 14 is config-
ured as a memory that is kept in a storage state even when
a power source of the vibration suppression device 1 is
turned OFF by being backed up by a battery (not illustrated).
The nonvolatile memory 14 stores a control program read
from the outside via an interface (not illustrated), a control
program input via an input device 72, various data (a
parameter required for arithmetic operation, etc.) input from
the input device 72, various data (for example, data related
to a deflection amount of each joint of the robot 2 computed
by the CPU 11, an axis position of each joint of the robot 2,
etc.) acquired from the robot 2 or a sensor 60, etc. The
program stored in the nonvolatile memory 14 may be loaded
in the RAM 13 during use. In addition, various system
programs (including a system program for controlling
exchange with a machine learning device 100) necessary for
an operation of the vibration suppression device 1 are
written in advance to the ROM 12.

[0027] A display device 70 is a device for displaying text
and graphics indicating a state of the vibration suppression
device 1 or the robot 2 output via an interface 17, and a
liquid crystal display, etc. can be used. In addition, the input
device 72 may correspond to a keyboard or a mouse for
receiving an input from the operator, a teaching pendant
including a pulse generator, etc. An input from the input
device 72 is delivered to the CPU 11 via an interface 18.

[0028] An axis control circuit 30 for controlling a joint
(axis) of the robot 2 receives an operation command amount
of the axis from the CPU 11, and outputs an axis command
to a servo amplifier 40. In response to this command, the
servo amplifier 40 drives a servomotor 50 that operates an
axis included in the robot 2. The servomotor 50 of the axis
incorporates a position/speed detector to feedback a posi-
tion/speed feedback signal from the position/speed detector
to the axis control circuit 30, thereby performing feedback
control of position/speed. In the hardware configuration
diagram of FIG. 1, only one axis control circuit 30, one servo
amplifier 40, and one servomotor 50 are illustrated. How-
ever, in practice, each of the number of axis control circuits,
the number of servo amplifiers, and the number of servo-
motors to be prepared corresponds to the number of axes
included in the robot 2 to be controlled.

[0029] The sensor 60 is used to detect vibration generated
in the robot 2, and it is possible to use a general acceleration
sensor or a non-contact type three-dimensional (3D) mea-
suring device. Alternatively, an imaging device, etc. may be
adopted as the sensor 60, and a moving image captured by
the imaging device may be analyzed to detect vibration.
Since vibration generated in the robot 2 can be detected
based on fluctuation of a current of the servomotor 50, etc.,
the sensor 60 may not be used. In addition, in the embodi-
ments, detection of vibration of the robot 2 is a necessary
configuration at the time of learning of the machine learning
device 100. When the vibration suppression device 1 is used
to suppress vibration of the robot 2 using the machine
learning device 100 finishing learning, a configuration of
detecting vibration of the robot 2 is not always necessary.
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[0030] An interface 21 is an interface for connecting the
vibration suppression device 1 and the machine learning
device 100 to each other. The machine learning device 100
includes a processor 101 that controls the entire machine
learning device 100, a ROM 102 that stores a system
program, etc., a RAM 103 that performs temporary storage
in each process related to machine learning, and a nonvola-
tile memory 104 used to store a learning model, etc. The
machine learning device 100 can observe each piece of
information obtainable by the vibration suppression device
1 via the interface 21 (for example, data related to a
deflection amount of each joint of the robot 2 computed by
the CPU 11, an axis position of each joint of the robot 2,
etc.).

[0031] In addition, the vibration suppression device 1
adjusts a parameter related to acceleration and deceleration
of each axis of the robot 2, etc. based on a value output from
the machine learning device 100.

[0032] FIG. 2 is a schematic function block diagram of the
vibration suppression device 1 according to the first embodi-
ment.

[0033] Each function block illustrated in FIG. 2 is realized
when the CPU 11 included in the vibration suppression
device 1 illustrated in FIG. 1 and the processor 101 of the
machine learning device 100 execute system programs,
respectively, to control an operation of each unit of the
vibration suppression device 1 and the machine learning
device 100.

[0034] This vibration suppression device 1 includes a
teaching position acquisition unit 200 that teaches a position
of the robot 2, a speed plan unit 210 that forms a speed plan
at the time of moving the robot 2 to the taught teaching
position, a deflection computation unit 220 that computes
data related to deflection of each axis of the robot based on
the speed plan, a posture data acquisition unit 230 that
acquires a position of each axis of the robot, a convergence
determination unit 240 that performs convergence determi-
nation of an acceleration/deceleration parameter estimated
by the machine learning device 100 based on the data related
to the deflection or the axis position, a control unit 250 that
controls the robot based on the estimated acceleration/
deceleration parameter, and an optimum acceleration/decel-
eration search unit 260 that searches for an optimum accel-
eration/deceleration parameter based on the estimated
acceleration/deceleration parameter.

[0035] The teaching position acquisition unit 200 acquires
a teaching position of the robot 2 based on an input from the
input device 72 by the operator (a teaching position of the
robot 2 input from the teach pendant, etc. or a teaching
position based on a learning plan input from the keyboard,
etc.). The teaching position of the robot 2 acquired by the
teaching position acquisition unit 200 includes position
information of each axis included in the robot 2.

[0036] The speed plan unit 210 computes a speed plan of
each axis at the time of operating to the teaching position of
the robot 2 acquired by the teaching position acquisition unit
200. The speed plan unit 210 computes the speed plan based
on an initial acceleration/deceleration parameter set in the
nonvolatile memory 14, etc. in advance when the teaching
position of the robot 2 acquired by the teaching position
acquisition unit 200 is input. In addition, when re-compu-
tation of the speed plan is commanded from the convergence
determination unit 240, the speed plan unit 210 computes the
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speed plan based on an acceleration/deceleration parameter
corrected according to the command.

[0037] FIG. 3 is a diagram illustrating a speed plan com-
puted by the speed plan unit 210.

[0038] In an example of FIG. 3, each axis of the robot 2
performs acceleration and deceleration of the axis by linear
acceleration and deceleration. When the robot 2 performs
acceleration and deceleration illustrated in FIG. 3, a speed
plan may be computed by a teaching position of the robot 2,
a maximum speed specification of each axis of the robot 2,
and an acceleration/deceleration time T (primary accelera-
tion/deceleration time ) corresponding to an acceleration/
deceleration parameter. Then, the speed plan may be
changed by adjusting a value of the acceleration/decelera-
tion time T. FIG. 3 is an example of the speed plan computed
by the speed plan unit 210. For example, different accelera-
tion/deceleration times may be used on an acceleration side
and a deceleration side (in this case, the number of accel-
eration/deceleration parameters is two), or a speed plan
using, for example, an acceleration/deceleration filter or a
polynomial may be computed to more finely control an
acceleration/deceleration waveform (in this case, the accel-
eration/deceleration parameter increases depending on the
number of acceleration/deceleration filters or the degree of
the polynomial).

[0039] The deflection computation unit 220 computes data
related to deflection corresponding to data for specifying the
amount of deflection occurring in each axis of the robot 2
based on the speed plan computed by the speed plan unit
210. For example, the deflection computation unit 220
computes a force or moment related to each axis of the robot
2 using a known method such as the Newton-Euler method
based on a speed plan and a link weight, a position of a
center of gravity, and inertia of the robot 2, and computes the
deflection amount of each axis of the robot 2 as data related
to deflection by multiplying the computed force or moment
related to each axis of the robot 2 by a rigidity coefficient of
each axis of the robot 2 obtained in advance through an
experiment, etc. The data related to the deflection computed
by the deflection computation unit 220 may not correspond
to the deflection amount of each axis of the robot 2, and a
data set that allows the deflection amount of each axis of the
robot 2 to be indirectly obtained may be computed as the
data related to the deflection.

[0040] The posture data acquisition unit 230 acquires data
related to a posture corresponding to data for specifying a
posture at a position (teaching position) at which the opera-
tion of the robot 2 is stopped. The data related to the posture
corresponds to data that allows a position of each axis of the
robot 2 to be directly or indirectly specified in a certain state
(posture), which may be set as a set of values directly
indicating a position of each axis in a certain state (a set of
positions of the servomotor 50 that drives each joint) or set
as a value or a set of values indirectly indicating a position
of each axis in a certain state (for example, when the robot
2 is a six-axis robot, a position of each axis is uniquely
determined by a position (coordinate value) of a distal end
of the robot 2, and thus a value of the position of the distal
end of the robot 2 may be used as the data related to the
posture). Data related to a stop position of each axis of the
robot 2 acquired by the posture data acquisition unit 230 is
used as an input of a learning/estimation operation by the
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machine learning device 100 since a rigidity change due to
the posture of the robot 2 affects vibration when the robot 2
stops.

[0041] The machine learning device 100 uses the data
related to the deflection computed by the deflection com-
putation unit 220 and the data related to the posture at the
stop position of the robot 2 acquired by the posture data
acquisition unit 230 as an input to learn/estimate an accel-
eration/deceleration parameter that allows the robot 2 to
operate at a highest speed within a range in which vibration
of the robot 2 can be suppressed in a case in which such an
operation is performed. The machine learning device 100
learns an acceleration/deceleration parameter that allows the
robot 2 to operate at the highest speed within the range in
which vibration of the robot 2 can be suppressed with
respect to the data related to the deflection and the data
related to the posture at the stop position of the robot 2 by
performing supervised learning according to a known
machine learning algorithm, and estimates an acceleration/
deceleration parameter that allows the robot 2 to operate at
the highest speed within the range in which vibration of the
robot 2 can be suppressed based on the data related to the
deflection and the data related to the posture at the stop
position of the robot 2 using a learned model as a learning
result.

[0042] Supervised learning is a scheme in which a known
data set (referred to as teacher data) of an input and an output
corresponding thereto is given, and a feature implying a
correlation between the input and the output is distinguished
from the teacher data, thereby learning a correlation model
for estimating a required output with respect to a new input.
When supervised learning is performed, for example, a
neural network illustrated in FIG. 4 may be used as a
learning/estimation unit of the machine learning device 100.
FIG. 4 schematically illustrates a model of a three-layer
neural network formed by combining neurons. In the neural
network, the number of pieces of input data and the number
of pieces of output data can be respectively adjusted by the
number of neurons disposed in an input part and an output
part. For example, such a neural network can be constituted
by an arithmetic unit, a storage unit, etc. imitating a model
of a neuron.

[0043] In a case in which a neural network is used in the
machine learning device 100, a neural network in which the
data related to the deflection and the data related to the
posture at the stop position of the robot 2 are set as input data
X (inputs X, X,, . . . , X,,) and the acceleration/deceleration
parameter is set as result data y (results y,, y,, . . ., V,) is
constructed in advance, and a learned model is constructed
by adjusting a weight w (w,, W,, W;) between neurons in a
learning stage of the machine learning device 100 described
below.

[0044] Even though the model of the three-layer neural
network is illustrated in FIG. 4, it is possible to use a
so-called deep learning method using a neural network
having three or more layers as the learning/estimation unit of
the machine learning device 100 of the present invention.
[0045] The convergence determination unit 240 deter-
mines whether or not the acceleration/deceleration param-
eter estimated by the machine learning device 100 based on
the data related to the deflection and the data related to the
posture at the stop position of the robot 2 has converged. The
convergence determination unit 240 compares the accelera-
tion/deceleration parameter (set as a first acceleration/decel-
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eration parameter) used by the speed plan unit 210 for
computing the speed plan with the acceleration/deceleration
parameter (set as a second acceleration/deceleration param-
eter) estimated by the machine learning device 100 based on
the data related to the deflection and the data related to the
posture at the stop position of the robot 2 computed based on
the acceleration/deceleration parameter, and determines that
the acceleration/deceleration parameter estimated by the
machine learning device 100 has converged when a differ-
ence between the first acceleration/deceleration parameter
and the second acceleration/deceleration parameter is within
a predetermined threshold value set in advance.

[0046] If the machine learning device 100 determines that
the acceleration/deceleration parameter estimated by the
machine learning device 100 has not converged yet, the
convergence determination unit 240 corrects the accelera-
tion/deceleration parameter, and then commands the speed
plan unit 210 to compute the speed plan again. Assuming
that the second acceleration/deceleration parameter esti-
mated by the machine learning device 100 corresponds to
the modified version of the first acceleration/deceleration
parameter, the convergence determination unit 240 may
command the speed plan unit 210 to compute the speed plan
again using the modified first acceleration/deceleration
parameter (that is, the second acceleration/deceleration
parameter). In addition, the convergence determination unit
240 may correct the first acceleration/deceleration parameter
using a correction formula of an acceleration/deceleration
parameter empirically obtained in advance based on an
amount of the difference between the first acceleration/
deceleration parameter and the second acceleration/decel-
eration parameter and a sign thereof (the relationship of
magnitudes between the first acceleration/deceleration
parameter and the second acceleration/deceleration param-
eter), and command the speed plan unit 210 to compute the
speed plan again using the corrected result.

[0047] When the machine learning device 100 having a
high estimation ability capable of computing an optimum
acceleration/deceleration parameter by one-time estimation
based on an appropriate input is constructed, the configu-
ration of the convergence determination unit 240 may be
omitted. In this case, iterative calculation is not performed,
and an optimum acceleration/deceleration parameter may be
efficiently obtained.

[0048] The optimum acceleration/deceleration search unit
260 searches for an acceleration/deceleration parameter for
operating the robot 2 at the highest speed within the range
in which vibration of the robot 2 can be suppressed when
each axis of the robot 2 is operated to the teaching position.
For example, the optimum acceleration/deceleration search
unit 260 may search for an optimum acceleration/decelera-
tion parameter by actually controlling the robot 2. In this
case, at an initial stage of search, the optimum acceleration/
deceleration search unit 260 causes the speed plan unit 210
to perform computation based on the acceleration/decelera-
tion parameter determined to have converged by the con-
vergence determination unit 240 (as an estimation result of
the machine learning device 100), commands the control
unit 250 to operate each axis of the robot 2 to the teaching
position based on the computed speed plan, and acquires
vibration generated when each axis of the robot 2 is operated
to the teaching position from the sensor 60.

[0049] When vibration of the robot 2 is larger than a
predetermined threshold value set in advance, the optimum
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acceleration/deceleration search unit 260 adjusts the accel-
eration/deceleration parameter such that acceleration/decel-
eration becomes gentler, causes the speed plan unit 210 to
compute the speed plan again based on the adjusted accel-
eration/deceleration parameter, and performs operation of
the robot 2 measurement of vibration again based on the
computed speed plan.

[0050] On the other hand, when vibration of the robot 2 is
smaller than the predetermined threshold value set in
advance, and there is a margin (when there is a difference
more than a threshold by a predetermined margin amount),
the optimum acceleration/deceleration search unit 260
adjusts the acceleration/deceleration parameter such that
acceleration/deceleration becomes steeper, causes the speed
plan unit 210 to re-compute the speed plan based on the
adjusted acceleration/deceleration parameter, and performs
operation of the robot 2 and measurement of vibration again
based on the computed speed plan.

[0051] By repeating the above process, the optimum
acceleration/deceleration search unit 260 obtains the opti-
mum acceleration/deceleration parameter that allows the
robot 2 to operate at the highest speed within the range in
which vibration of the robot 2 can be suppressed.

[0052] The optimum acceleration/deceleration search unit
260 may search for the optimum acceleration/deceleration
parameter without actually controlling the robot 2. For
example, a scheme of obtaining the optimum acceleration/
deceleration parameter using a high-precision simulator, etc.
is effective.

[0053] Inthis way, learning of the machine learning device
100 is advanced using the optimum acceleration/decelera-
tion parameter obtained by the optimum acceleration/decel-
eration search unit 260, the data related to the deflection
used as input data of the machine learning device 100 at the
time of estimating the acceleration/deceleration parameter
determined to have converged by the convergence determi-
nation unit 240, and the data related to the posture at the stop
position of the robot 2.

[0054] Then, by performing the above procedure using
various teaching positions, operation speeds, and load con-
ditions, learning of the machine learning device 100 is
advanced and a learned model is constructed.

[0055] The machine learning device 100 (learned model)
obtained in this way may be used without change at a
working site of a user, and thus learning again at the working
site of the user is unnecessary. For this reason, it is unnec-
essary to prepare a sensor for vibration measurement on the
user side, and it is possible to use only an outcome of
learning without imposing a burden on the user.

[0056] FIG. 5 is a schematic function block diagram of a
vibration suppression device 1 of a second embodiment used
at the working site of the user. Each function block illus-
trated in FIG. 5 is realized when the CPU 11 included in the
vibration suppression device 1 illustrated in FIG. 1 and the
processor 101 of the machine learning device 100 execute
system programs, respectively, to control an operation of
each unit of the vibration suppression device 1 and the
machine learning device 100.

[0057] The machine learning device 100 included in the
vibration suppression device 1 of the present embodiment is
obtained by finishing construction of the learned model by
the vibration suppression device 1 of the first embodiment,
and other functional means operate similarly to the first
embodiment.
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[0058] Further, when the user uses the vibration suppres-
sion device 1 of the present embodiment, it is not necessary
for the user to be conscious of processing executed by each
functional means of the vibration suppression device 1.
Processing is automatically performed only by teaching a
position, and the robot 2 is controlled at an optimum
acceleration/deceleration time constant.

[0059] FIG. 6 is a schematic function block diagram of a
vibration suppression device 1 according to a third embodi-
ment in which a machine learning device 100 is disposed on
a server such as a cell controller, a host computer, a cloud
server, etc., connected to a controller 3 that controls a robot
via a network 400.

[0060] In the present embodiment, each functional means
has the same function as that of the first embodiment (FIG.
2) except that an optimum acceleration/deceleration search
unit 260 is disposed on the controller 3 that controls the
robot, the vibration suppression device 1 and a plurality of
controllers 3 exchange an acceleration/deceleration param-
eter, a teaching position, a speed plan, etc. through commu-
nication units 270 and 310, and a teaching position acqui-
sition unit 200 can acquire a teaching position of each robot
from each of the controllers 3 as necessary. It is desirable
that each robot 2 is an identical robot having the same
function and performance.

[0061] The vibration suppression device 1 of the present
embodiment obtains an acceleration/deceleration parameter
related to each robot 2 based on the teaching position
acquired from each controller 3 and transmits the obtained
acceleration/deceleration parameter to each controller 3. In
addition, each controller 3 actually operates the robot 2
based on the acceleration/deceleration parameter received
from the vibration suppression device 1, searches for an
optimum acceleration/deceleration parameter, and transmits
the searched optimum acceleration/deceleration parameter
to the vibration suppression device 1. Then, the vibration
suppression device 1 performs learning of the machine
learning device 100 based on the optimum acceleration/
deceleration parameter received from each controller 3.
Therefore, the vibration suppression device 1 of the present
embodiment can perform learning in parallel with input of
more data sets using the plurality of controllers 3 and
improve the speed and reliability of machine learning.
[0062] FIG. 7 is a schematic function block diagram of a
vibration suppression device 1 according to a fourth embodi-
ment in which a machine learning device 100 is disposed on
a computer (for example, a server installed on a manufac-
turer side), etc. connected to a controller 3 that controls a
robot used at the working site of the user via a network 400.
[0063] In the present embodiment, each functional means
has the same function as that of the second embodiment
(FIG. 5) except that the vibration suppression device 1 and
a plurality of controllers 3 installed at the working site of the
user exchange an acceleration/deceleration parameter, a
teaching position, a speed plan, etc. through communication
units 270 and 310, and a teaching position acquisition unit
200 can acquire a teaching position of each robot from each
of the controllers 3. It is desirable that each robot 2 is an
identical robot having the same function and performance.
[0064] Further, when the user uses the vibration suppres-
sion device 1 of the present embodiment, it is not necessary
for the user to be conscious of processing executed by each
functional means of the vibration suppression device 1.
Processing is automatically performed only by teaching a
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position, and the robot 2 is controlled at an optimum
acceleration/deceleration time constant. In this configura-
tion, it is unnecessary to dispose the vibration suppression
device 1 on the user side, and thus cost for the user and
maintenance cost of the vibration suppression device 1 can
be reduced.

[0065] In addition, even in a case in which the server is
installed in a factory of the user not on the manufacturer
side, since only one server is required for a plurality of robot
controllers, cost for the user can be suppressed when com-
pared to a case in which a function is implemented in each
controller.

[0066] Even though the present invention has been
described above, the present invention is not limited to those
embodiments described above, and can be implemented in
various modes by making appropriate changes.

[0067] For example, when rigidity of a hand or a tool that
is attached to the robot 2 and used by the user is lower than
expected, there is a possibility that vibration may increase in
a part of the hand or the tool. Such a problem is dealt with
by providing the vibration suppression device 1 with a
function that allows the user to adjust the acceleration/
deceleration time as needed since an extent of allowable
vibration varies according to an application. For example,
after obtaining an acceleration/deceleration parameter for
increasing a speed while suppressing vibration of the robot
without considering tool vibration by the vibration suppres-
sion device 1, the acceleration/deceleration parameter or the
speed plan may be displayed on the display device 70, and
the user may adjust the acceleration/deceleration parameter
or the speed plan using the input device 72.

[0068] In addition, the data related to the deflection may
be computed in consideration of a speed direction immedi-
ately before the robot 2 stops. For example, even though
deflection constantly occurs by gravity, when the robot
moves in a horizontal direction, the deflection does not
change, and an influence on vibration is small. To take
account of such an effect, only deflection of a component in
the speed direction of the robot may be computed as the data
related to the deflection.

[0069] Hereinafter, a description will be given of a differ-
ence between a vibration suppression method using machine
learning of the present invention and another vibration
suppression method not using machine learning.

[0070] There may be an approach in which the machine
learning device 100 of FIG. 2 and FIG. 5 is used to compute
a time constant at which vibration does not occur by
calculating vibration using a simulator of a physical model.
This method is used to perform an arithmetic operation on
an operation of each part of the robot by simulation pro-
cessing and simulate vibration. However, such a method has
a large calculation amount, and processing in real time is
difficult. In addition, even when vibration can be simulated,
a scheme of changing an acceleration/deceleration param-
eter to reduce vibration to within a threshold value is
unclear, and repeated calculation is necessary, which results
in a further increase in the amount of calculation. On the
other hand, in the vibration suppression method using
machine learning of the embodiments, it is possible to
greatly suppress the amount of calculation related to esti-
mation of an acceleration/deceleration parameter by per-
forming learning in advance using the machine learning
device 100.
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[0071] In addition, there may be an approach in which a
table indicating a relationship between an input and an
output is created, and the machine learning device 100 of
FIG. 2 and FIG. 5 is used to compute an acceleration/
deceleration parameter using the table. However, in this
method, it is necessary to create a table of dimensions
corresponding to the number of input variables, and data
becomes enormous. Thus, realization is difficult in terms of
man-hours of table creation experiments and in terms of a
memory amount at the time of mounting. On the other hand,
in the vibration suppression method using machine learning
of the embodiments, it is possible to suppress both the
experimental man-hours and the memory amount by per-
forming learning in advance using the machine learning
device 100.

1. A vibration suppression device for suppressing vibra-
tion generated during an acceleration/deceleration operation
of a robot to be controlled such that the vibration corre-
sponds to a predetermined threshold value or less, the
vibration suppression device comprising:

a teaching position acquisition unit that acquires a teach-
ing position;

a speed plan unit that computes a speed plan based on the
teaching position and a first acceleration/deceleration
parameter;

a deflection computation unit that computes data related
to deflection occurring during the acceleration/decel-
eration operation of the robot based on the teaching
position and the speed plan;

a posture data acquisition unit that acquires data related to
a posture at the teaching position based on the teaching
position; and

a machine learning unit that estimates a second accelera-
tion/deceleration parameter with respect to the data
related to the deflection and the data related to the
posture using the data related to the deflection and the
data related to the posture as input data.

2. The vibration suppression device according to claim 1,
further comprising

a convergence determination unit that determines whether
or not the second acceleration/deceleration parameter
converges to the first acceleration/deceleration param-
eter,

wherein when it is determined that the second accelera-
tion/deceleration parameter has not converged yet, the
convergence determination unit corrects the first accel-
eration/deceleration parameter and commands the
speed plan unit to compute again the speed plan using
a correction result.

3. The vibration suppression device according to claim 1,
further comprising

an optimum acceleration/deceleration search unit that
searches for a fastest optimum acceleration/decelera-
tion parameter from among acceleration/deceleration
parameters that allow vibration of the robot kept below
a predetermined threshold value,

wherein the machine learning unit learns the second
acceleration/deceleration parameter using the optimum
acceleration/deceleration parameter obtained by the
optimum acceleration/deceleration search unit as
teacher data.
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4. The vibration suppression device according to claim 3,
wherein the optimum acceleration/deceleration search unit
obtains an optimum acceleration/deceleration parameter
using a simulator.

5. The vibration suppression device according to claim 3,
wherein the machine learning unit performs learning using
a neural network.

6. The vibration suppression device according to claim 1,
wherein the vibration suppression device is connected to a
plurality of robot controllers through a network, estimates
the second acceleration/deceleration parameter, and trans-
mits the estimated second acceleration/deceleration param-
eter to each of the robot controllers.
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