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INSPECTION DEVICE AND INSPECTION
LEARNING MODEL GENERATION DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority from Japanese Pat-
ent Application No. 2019-018311 filed on Feb. 4, 2019, the
entire contents of which are incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to an inspection
device and an inspection learning model generation device.

Description of Related Art

[0003] Patent Literature 1 discloses a technique in which
a microphone (a sound sensor) or an acceleration sensor is
attached to an electric power steering device (an electric
steering device) such that an abnormal sound generated from
a component of the electric power steering device is detected
by the microphone or the acceleration sensor in inspection of
the electric power steering device. Patent Literature 2 dis-
closes a technique of detecting an abnormal noise (a rattling
sound) generated from a steering system (an electric steering
device), when a vehicle is driven, by a microphone in an
evaluation device (an inspection device) of the steering
system. Patent Literature 2 discloses spectrogram data of an
audio signal detected by the microphone.

[0004] [Patent Literature 1] JP-A-2006-153729
[0005] [Patent Literature 2] JP-A-2018-36269
[0006] A detection signal obtained from the acceleration

sensor or the sound sensor is time series data. A timing at
which the abnormal sound is generated is not uniform in the
time series data, so that a timing at which a feature amount
necessary for the inspection using the obtained detection
signal appears is also random. On the other hand, in the
inspection of the electric steering device, a difference in the
timing at which the abnormal sound is generated does not
affect presence or absence of an abnormality hidden in an
inspection target. However, when the inspection is per-
formed by the inspection device using the time series data,
the randomness of the timing at which the abnormal sound
is generated may adversely affect an inspection result.
[0007] For example, when an inspection learning model is
generated by a machine learning algorithm with learning
data using the obtained detection signal as it is, the generated
inspection learning model is affected by the randomness of
a time component at which the feature amount appears, so
that good learning cannot be performed. As a result, even if
the inspection is performed using the inspection learning
model, sufficient inspection accuracy cannot be obtained.

SUMMARY

[0008] One or more embodiments provides an inspection
device and an inspection learning model generation device
that can obtain an inspection result in which an influence of
a difference in time components is eliminated when per-
forming an inspection using time series data.

[0009] Inan aspect (1), one or more embodiments provide
an inspection device including a first data storage unit
configured to store a first data which is time series according
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to a state of an inspection object, a second data generation
unit configured to generate second data, which is a spectro-
gram including a first frequency component, a time compo-
nent, and an amplitude component by performing short-time
Fourier transform on the first data, a third data generation
unit configured to generate third data including the first
frequency component, a second frequency component, and
the amplitude component by performing Fourier transform
on time-amplitude data for each first frequency component
in the second data, respectively, and a determination unit
configured to determine the state of the inspection object
based on the third data.

[0010] According to the aspect (1), the second data gen-
eration unit converts the first data of time series into the
second data which is spectrogram including the first fre-
quency component, the time component, and the amplitude
component. The third data generation unit converts the
second data into the third data including the first frequency
component, the second frequency component, and the
amplitude component. Then, the determination unit deter-
mines the state of the inspection object based on the third
data.

[0011] That is, the third data is obtained by excluding the
time component from the first data, and the determination
unit determines the state of the inspection object using the
data that does not include the time component. Accordingly,
the inspection device can obtain the inspection result in
which the influence due to the difference in the time com-
ponent is eliminated when performing the inspection using
the time series data.

[0012] The inspection learning model generation device
according to the present invention includes: a first data
storage unit configured to store time series first data accord-
ing to a state of an inspection object; a second data genera-
tion unit configured to generate second data, which is
spectrogram including a first frequency component, a time
component, and an amplitude component by performing
short-time Fourier transform on the first data; a third data
generation unit configured to generate third data including
the first frequency component, a second frequency compo-
nent, and the amplitude component by performing Fourier
transform on time-amplitude data for each first frequency
component in the second data, respectively; and a learning
model generation unit configured to generate a learning
model which is used to determine the state of the inspection
object and in which fourth data is used as output data when
the third data is used as input data. According to the
inspection learning model generation device, the same effect
as that of the inspection device can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

system.
[0014] FIG. 2 is a schematic block diagram of an inspec-
tion device.

[0015] FIG. 3 is a block diagram showing a configuration
which functions as a learning phase in the inspection device.
[0016] FIG. 4 is a diagram showing an example of wave-
form data which is first data of time series.

[0017] FIG. 5 is a diagram showing a process of generat-
ing second data by a second data generation unit.

[0018] FIG. 6 is a diagram showing an example of spec-
trogram data which is the second data.

FIG. 1 illustrates a configuration of an inspection
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[0019] FIG. 7 is a diagram showing an example of time-
amplitude data.
[0020] FIG. 8 is a diagram showing an example of second

frequency component-amplitude data.
[0021] FIG. 9 is a diagram showing an example of image
data which is third data.

[0022] FIG. 10 is a diagram schematically showing a
learning model.
[0023] FIG. 11 is a block diagram showing a configuration

which functions as an inference phase in the inspection
device.

[0024] FIG. 12 is a diagram showing the third data in a
two-dimensional coordinate system.

[0025] FIG. 13 is a diagram showing fourth data in the
two-dimensional coordinate system.

[0026] FIG. 14 is a diagram showing fifth data in the
two-dimensional coordinate system.

[0027] FIG. 15A shows, for each second frequency, an
amplitude component whose first frequency component is a
specific value in the fifth data.

[0028] FIG. 15B shows, for each second frequency, an
amplitude component whose first frequency component is a
specific value in sixth data.

DETAILED DESCRIPTION

(1. Application Target of Inspection Device 100)

[0029] The inspection device 100 targets an inspection
object that operates when predetermined operation is per-
formed, and is configured to determine a state of the
inspection object based on time series data obtained when
the inspection object is operating. The inspection object is,
for example, a component of an electric steering device, and
the inspection device 100 can be used for an inspection of
the component of the electric steering device. The state of
the inspection object is, for example, a degree of vibration
of the inspection object, and the inspection device 100 can
inspect the inspection object by determining a degree of
vibration. The time series data is, for example, waveform
data indicating operation of an output signal from a sensor
capable of detecting the state of the inspection object. The
inspection device 100 can determine the state of the inspec-
tion object by analyzing the time series data.

[0030] In the present embodiment, the inspection object is
a component of a column type electric steering device. The
inspection device 100 determines whether the electric steer-
ing device is a non-defective product based on the degree of
vibration generated from the component of the electric
steering device that operates when predetermined operation
is performed on the electric steering device. Specifically, the
inspection device 100 sets the non-defective electric power
steering device as a reference state electric steering device,
and sets the time series data obtained from the non-defective
electric steering device as reference time series data. Then,
the inspection device 100 determines whether the electric
steering device is a non-defective product based on a dif-
ference amount when the time series data obtained from the
electric steering device is compared with the reference time
series data.

[0031] In the present embodiment, an example in which
the inspection device 100 is used to inspect whether the
inspection object is a non-defective product is described as
an example, but the present invention is not limited thereto.
For example, the inspection device 100 may be used to
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inspect whether there is a specific defective factor. In this
case, the inspection device 100 can identify a defective
factor for the inspection object determined to be defective.
The inspection object is not limited to a fixed component or
a member, and a movable unit, a component to be deformed
(for example, a motor or a speed reducer), or the like can be
used as the inspection object.

(2. Configurations of Inspection Object and Inspection
System 1)

[0032] First, the configuration of the inspection object and
the configuration of the inspection system 1 including the
inspection device 100 will be described with reference to
FIG. 1. As described above, the inspection object is a
component of column type electric steering device 50.

(2-1: Configuration of Electric Steering Device 50)

[0033] As illustrated in FIG. 1, the electric steering device
50 which is the inspection object mainly includes a steering
mechanism 10, an intermediate shaft 20, and a turning
mechanism 30.

[0034] The steering mechanism 10 mainly includes a
steering member 11, an input shaft 12, a torsion bar 13, an
output shaft 14, and a steering assist mechanism 40. The
steering member 11 is a handle operated by a driver. The
input shaft 12 is a shaft member which connects the steering
member 11 and the torsion bar 13. The input shaft 12 is
configured to transmit rotation (steering) of the steering
member 11 to the torsion bar 13. The torsion bar 13 connects
the input shaft 12 and the output shaft 14 in a relatively
rotatable manner. When relative rotation of the input shaft
12 and the output shaft 14 occurs, the torsion bar 13 is
elastically deformed in a torsional direction. The output
shaft 14 is a shaft member configured to output the rotation
input from the steering member 11 via the input shaft 12 and
the torsion bar 13 to the turning mechanism 30. The steering
assist mechanism 40 is configured to assist the rotation of the
output shaft 14 (assist the steering of the steering member
11). Details of the steering assist mechanism 40 will be
described below.

[0035] The intermediate shaft 20 is configured to transmit
the rotation between the steering mechanism 10 and the
turning mechanism 30. One axial end side of the interme-
diate shaft 20 is connected to the output shaft 14 of the
steering mechanism 10 via a universal joint 21, and the other
axial end side of the intermediate shaft 20 is connected to a
pinion shaft 31 of the turning mechanism 30 via a universal
joint 22.

[0036] The turning mechanism 30 includes the pinion
shaft 31, a turning shaft 32, and turned wheels 33. One axial
end side of the pinion shaft 31 is connected to the output
shaft 14 via the universal joint 22, and the other axial end
side of the pinion shaft 31 is formed with a pinion 31a. The
turning shaft 32 is formed with a rack 32a which meshes
with the pinion 31a, and the turned wheels 33 are connected
to both axial ends of the turning shaft 32 via a pair of tie rods
34 and a pair of knuckle arms 35. The turning mechanism 30
changes a turned angle of the turned wheels 33 by moving
the turning shaft 32 in an axial direction (a vehicle width
direction).

[0037] Here, a configuration of the steering assist mecha-
nism 40 will be described. The steering assist mechanism 40
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includes a speed reducer 41, an electric motor 42, a torque
sensor 43, a vehicle speed sensor 44, a rotation angle sensor
45, and a control unit 46.

[0038] The speed reducer 41 is a worm speed reducer
including a worm gear (not illustrated) and a worm wheel
(not illustrated) which meshes with the worm gear. The
worm gear is integrally and rotatably connected to a motor
shaft of the electric motor 42, and the worm wheel is
integrally and rotatably connected to the output shaft 14. The
electric motor 42 is configured to rotationally drive the
worm gear of the speed reducer 41. Rotation of the motor
shaft of the electric motor 42 is transmitted to the turning
mechanism 30 via the speed reducer 41, the output shaft 14,
and the intermediate shaft 20, and is converted into a force
for moving the turning shaft 32 in the axial direction in the
turning mechanism 30.

[0039] The torque sensor 43 is configured to detect steer-
ing torque applied to the steering member 11 based on a
torsion amount of the torsion bar 13. The vehicle speed
sensor 44 is configured to detect a vehicle speed of a vehicle
(not illustrated) on which the electric steering device 50 is
mounted. The rotation angle sensor 45 is configured to
detect a rotation angle of the motor shaft of the electric
motor 42. The control unit 46 is configured to set a target
value of steering assist torque applied to the speed reducer
41 by the electric motor 42, and to control a current supplied
to the electric motor 42 such that actual steering assist torque
becomes the target value based on output signals from the
torque sensor 43, the vehicle speed sensor 44, and the
rotation angle sensor 45.

(2-2: Configuration of Inspection System 1)

[0040] Next, the configuration of the inspection system 1
will be described. The inspection system 1 uses the electric
motor 42 and the speed reducer 41, which are components
of the electric steering device 50, as inspection objects. The
inspection system 1 includes an inspection device 100 and a
sensor. In the present embodiment, the inspection system 1
includes, as sensors, two vibration sensors 151, 152, and one
sound sensor 153. Types and quantities of the sensors
provided in the inspection system 1 in the present embodi-
ment are examples, and can be changed as appropriate. That
is, the inspection system 1 may include a sensor other than
the vibration sensors and the sound sensor. In the inspection
system 1, the number of the vibration sensors may be one or
three or more, and the number of the sound sensors may be
two or more.

[0041] The vibration sensors 151, 152 are three-axis accel-
eration sensors capable of detecting vibration of the electric
motor 42, and the two vibration sensors 151, 152 are
attached to the electric motor 42 at positions separated from
each other. In the inspection system 1, the vibration sensor
151 is configured to detect acceleration (vibration) in three
directions of the electric motor 42 that operates when the
steering member 11 is rotated at a constant rotational speed,
and to output an output signal corresponding to a degree of
the acceleration to the inspection device 100. The sound
sensor 153 is a microphone capable of detecting a sound
generated from the speed reducer 41. The sound sensor 153
is provided in a vicinity of the speed reducer 41 and at a
position where the sound generated from the speed reducer
41 can be detected. In the inspection system 1, the sound
sensor 153 is configured to detect a sound caused by
vibration of the speed reducer 41 that operates when the
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steering member 11 is rotated at the constant rotation speed,
and to output an output signal corresponding to a degree of
the sound to the inspection device 100.

[0042] The inspection device 100 is configured to analyze
waveform data of seven patterns of the output signals
obtained from the three sensors 151, 152, and 153, and to
determine a state (a degree of vibration) of each of the
electric motor 42 and the speed reducer 41 which are the
inspection objects. The configuration of the inspection
device 100 will be specifically described below.

(3. Schematic Configuration of Inspection Device 100)

[0043] Next, the schematic configuration of the inspection
device 100 will be described with reference to FIG. 2. As
shown in FIG. 2, the inspection device 100 mainly includes
a data conversion unit 110, a learning model generation unit
120, a learning model storage unit 130, and a determination
unit 140. Among these, the data conversion unit 110, the
learning model generation unit 120, and the learning model
storage unit 130 function as a learning phase 101 of machine
learning, and the data conversion unit 110, the learning
model storage unit 130, and the determination unit 140
function as an inference phase 102 of the machine learning.

(3-1: Learning Phase 101)

[0044] The learning phase 101 is configured to generate a
learning model M used to determine the state of the inspec-
tion object in the inference phase 102. The learning phase
101 corresponds to an inspection learning model generation
device.

[0045] As shown in FIG. 3, the data conversion unit 110
includes a first data storage unit 111, a second data genera-
tion unit 112, and a third data generation unit 113. The first
data storage unit 111 is configured to acquire the output
signals from the vibration sensors 151, 152 and the sound
sensor 153, and to store the waveform data of each output
signal as time series first data D1. The second data genera-
tion unit 112 is configured to generate second data D2,
which is spectrogram data including a first frequency com-
ponent, a time component, and an amplitude component by
performing short-time Fourier transform on the first data D1.
The third data generation unit 113 is configured to generate
third data D3 including the first frequency component, a
second frequency component, and the amplitude component
by performing Fourier transform on time-amplitude data for
each first frequency component in the second data D2,
respectively.

[0046] The learning model generation unit 120 is config-
ured to generate a learning model M to be used in deter-
mining the state of the inspection object in the inference
phase 102. The learning model storage unit 130 is config-
ured to store the learning model M generated by the learning
model generation unit 120. The determination unit 140 is
configured to determine the state of the inspection object
using the learning model M in the inference phase 102.
[0047] Next, the first data D1 will be described with
reference to FIG. 4. In the present embodiment, the first data
D1 is output signals of the vibration sensors 151, 152 and the
sound sensor 153. FIG. 4 shows waveform data of one
detection signal from the vibration sensor 151 as an example
of the first data D1. In the first data D1 shown in FIG. 4, a
horizontal axis indicates time t1, and a vertical axis indicates
acceleration G which is an amplitude component. The
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vibration sensor 151 is capable of detecting vibration in each
of three axes, and the first data storage unit 111 is configured
to acquire and store three patterns of the first data D1
indicating the degree of vibration in each direction from the
vibration sensor 151.

[0048] Next, the second data D2 will be described with
reference to FIGS. 5 and 6. The second data D2 is obtained
by converting the first data D1 into data including a first
frequency component, a time component, and an amplitude
component. As described above, the second data generation
unit 112 generates the second data D2 by performing the
short-time Fourier transform on the first data D1.

[0049] Specifically, as shown in FIG. 5, the second data
generation unit 112 extracts short-time waveform data (first
waveform data) of a minute time (for example, 0.1 seconds)
from the waveform data of the first data D1, and performs
Fourier transform on the extracted first waveform data. The
short-time waveform data is time series data including a
time component and the amplitude component (the accel-
eration G), and becomes waveform data including a first
frequency component and an amplitude component by being
subjected to Fourier transform.

[0050] Subsequently, the second data generation unit 112
extracts short-time waveform data (second waveform data)
of a minute time from the waveform data of the first data D1,
and performs Fourier transform on the extracted second
waveform data. The second waveform data is short-time
waveform data obtained by shifting the time component by
a predetermined time (for example, 0.05 seconds) with
respect to the first waveform data. As described above, the
second data generation unit 112 performs Fourier transform
on each of pieces of all the waveform data extracted every
minute time while shifting the time by the predetermined
time from the waveform data of the first data D1.

[0051] Then, as shown in FIG. 6, the second data genera-
tion unit 112 generates spectrogram data including the first
frequency component, the time component, and the ampli-
tude component (the acceleration GG) based on a result of
performing the Fourier transform on a plurality of pieces of
the short-time waveform data. In the spectrogram data
shown in FIG. 6, a horizontal axis indicates time t2, a
vertical axis indicates the first frequency fl, and a color
indicates the acceleration G which is the amplitude compo-
nent.

[0052] Next, the third data D3 will be described with
reference to FIGS. 7 to 9. The third data D3 is obtained by
converting the second data D2 into data including the first
frequency component, the second frequency component,
and the amplitude component. The third data generation unit
113 is configured to generate the third data D3 by perform-
ing Fourier transform on time t2-amplitude data for each
first frequency component in the second data D2, respec-
tively.

[0053] FIG. 7 shows an example of the time t2-amplitude
data. Specifically, as shown in FIG. 7, operation of the
amplitude component (the acceleration G) at which the first
frequency {1 is 4 kHz is represented by the time series data.
As described above, the second data D2 is data generated by
superimposing the time t2-amplitude data for each first
frequency component.

[0054] Then, as shown in FIG. 8, the third data generation
unit 113 performs Fourier transform on the time t2-ampli-
tude data for each first frequency component, and generates
second frequency f2-amplitude data for each first frequency
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component. As shown in FIG. 8, the amplitude component
(the acceleration G) at which the first frequency f1 is 4 kHz
is represented for each second frequency component. As
described above, the third data generation unit 113 performs
Fourier transform on the time t2-amplitude data included in
the second data D2 for each first frequency component, and
converts the time t2-amplitude data into data not including
a time component.

[0055] Then, as shown in FIG. 9, the third data generation
unit 113 generates image data including the first frequency
component, the second frequency component, and the
amplitude component based on a plurality of pieces of the
second frequency f2-amplitude data. FIG. 9 shows the image
data with a specification approximate to the spectrogram
data. A horizontal axis indicates the second frequency 2, a
vertical axis indicates the first frequency fl, and a color
indicates the acceleration G which is the amplitude compo-
nent. Accordingly, the third data generation unit 113 can
convert the second data D2 which is the image data includ-
ing the time component into the third data D3 which is
image data not including the time component. Accordingly,
the data conversion unit 110 converts the first data D1 which
is the time series data into the third data D3 not including the
time component.

[0056] Next, the learning model M will be described with
reference to FIG. 10. As shown in FIG. 10, the learning
model M is an automatic encoder including an input layer
M1, an intermediate layer M2, and an output layer M3. The
third data D3 is input to the input layer M1 as input data. The
third data D3 is the image data. One piece of the third data
D3 includes the same number of pieces of pixel data as the
number of pixels, and each piece of pixel data is used as
input data. The intermediate layer M2 includes a first
intermediate layer M21 configured to compress a dimension
of the input data and to extract a feature amount included in
the input data, and a second intermediate layer M22 con-
figured to expand the dimension of the compressed data and
to set the dimension of the data to the same number as the
dimension of the input data. The output layer M3 is con-
figured to output fourth data D4 obtained by extracting a
feature amount from the third data D3.

[0057] As described below, the determination unit 140
determines the state of the inspection object using the third
data D3 input to the learning model M as input data and the
fourth data D4 output from the learning model M. Then, the
inspection device 100 can obtain a highly accurate inspec-
tion result in the inference phase 102 by generating the
learning model M that extracts an appropriate feature
amount in the learning phase 101.

[0058] In the present embodiment, the state of the inspec-
tion object to be inspected by the inspection device 100 is
the degree of vibration of the electric motor 42 and the speed
reducer 41 which are the components of the electric steering
device 50. The inspection device 100 analyzes the vibration
generated during operation of the electric motor 42 and the
speed reducer 41, and determines whether the electric steer-
ing device 50 is a non-defective product.

[0059] Inthis regard, the inspection device 100 determines
whether the inspection object is a non-defective product
using the amplitude component and the frequency compo-
nent included in the first data D1 and the second data D2. On
the other hand, the time component included in the first data
D1 and the second data D2 is not required for determining
whether the inspection object is a non-defective product by
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the inspection device 100. That is, during the operation of
the electric motor 42 and the speed reducer 41, a timing at
which the vibration occurs does not affect a result of
determining whether the electric steering device 50 is a
non-defective product by the inspection device 100.

[0060] On the other hand, the first data D1 and the second
data D2 include the time component. Accordingly, when the
learning model generation unit 120 generates the learning
model M using the first data D1 and the second data D2 as
the input data, there is a high possibility that the time
component is included in the feature amount extracted in the
intermediate layer M2. However, as described above, the
time component included in the first data D1 and the second
data D2 does not affect a result of determining whether the
inspection object is a non-defective product. Accordingly,
even if whether the inspection object is a non-defective
product is determined using the learning model M that
extracts the feature amount including the time component,
the inspection device 100 cannot obtain the highly accurate
result of determining whether the inspection object is a
non-defective product.

[0061] Therefore, in the data conversion unit 110, the
inspection device 100 converts the first data including the
time component and generates the third data D3 not includ-
ing the time component. Then, the learning model genera-
tion unit 120 uses the generated third data D3 as the input
data. Therefore, the learning model generation unit 120 can
generate the learning model M that extracts the feature
amount not including the time component in the intermedi-
ate layer M2. The fourth data D4 output from the learning
model M is the image data obtained by extracting the feature
amount included in the amplitude component and the fre-
quency component (the first frequency component and the
second frequency component) from the waveform data of
the output signals of the vibration sensors 151, 152 and the
sound sensor 153.

[0062] Inthe present embodiment, the inference phase 102
determines whether the inspection object is a non-defective
product, whereas the learning phase 101 uses the third data
D3 of the inspection object which is a non-defective product
as the input data when the learning model M is generated.
That is, in the learning phase 101, the data conversion unit
110 generates the non-defective third data D3 based on the
first data D1 obtained from the inspection object which is a
non-defective product, and the learning model generation
unit 120 uses the non-defective third data D3 as the input
data and learns a large amount of pieces of the third data D3.
Accordingly, the learning model M can extract an appropri-
ate feature amount from the third data D3 in the intermediate
layer M2.

[0063] As aresult, the learning model M outputs the fourth
data D4, which is not different from the third data D3, as the
output data when the third data D3 of the inspection object
which is a non-defective product is input in the inference
phase 102. On the other hand, the learning model M outputs
fourth data D4, which is different from the third data D3, as
output data when the third data D3 of the inspection object
which is a defective product is input in the inference phase
102.

(3-2: Inference Phase 102)

[0064] Next, the configuration of the determination unit
140 that functions only in the inference phase 102 will be
described. In the inference phase 102, the determination unit
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140 determines the state of the inspection object using the
learning model M generated in the learning phase 101.
[0065] As shown in FIG. 11, the determination unit 140
includes a fourth data generation unit 141, a fifth data
generation unit 142, a filter processing unit 143, a positive
value processing unit 144, an evaluation value generation
unit 145, a state determination unit 146, and an output unit
147.

[0066] The fourth data generation unit 141 generates the
fourth data D4. Specifically, when there are output signals
from the vibration sensors 151, 152 and the sound sensor
153 in the inference phase 102, the data conversion unit 110
generates the third data D3 based on the first data D1.
Thereafter, the determination unit 140 acquires the third data
D3 generated by the third data generation unit 113 and the
learning model M stored in the learning model storage unit
130. Then, the fourth data generation unit 141 inputs the
third data D3 generated by the data conversion unit 110 to
the learning model M, and generates the fourth data D4.
[0067] The fifth data generation unit 142 is configured to
generate fifth data D5 indicating a difference value obtained
by calculating a difference between the third data D3 input
to the learning model M and the fourth data D4 output from
the learning model M by each coordinate of a two-dimen-
sional coordinate system. Details of the fifth data D5 will be
described below with reference to FIGS. 12 to 14.

[0068] The filter processing unit 143 is configured to
generate sixth data D6 by performing processing using a
low-pass filter on the fifth data D5. That is, the filter
processing unit 143 performs processing using the low-pass
filter for each of the first frequency fl and the second
frequency f2. A reason why the fifth data D5 is processed
using the low-pass filter will be described below with
reference to FIGS. 15A and 15B.

[0069] The positive value processing unit 144 is config-
ured to generate seventh data D7 by performing positive
value processing on the sixth data D6. In the positive value
processing, all coordinate values included in the sixth data
D6 are set to 0 or positive values. In the present embodi-
ment, the positive value processing unit 144 set all the
coordinate values included in the sixth data D6 to 0 or
positive values by squaring all the coordinate values. How-
ever, the present invention is not limited thereto, and the
positive value processing unit 144 may set all the coordinate
values to 0 or positive values by, for example, converting all
the coordinate values included in the sixth data D6 into
absolute values.

[0070] The evaluation value generation unit 145 is con-
figured to generate an evaluation value indicating a com-
parison result between the third data D3 and the fourth data
D4 based on each coordinate value of the seventh data D7.
In the present embodiment, the evaluation value generation
unit 145 sets the seventh data D7 as target data to be used
for comparison between the third data D3 and the fourth data
D4, and obtains a sum of all the coordinate values of the
seventh data D7. The evaluation value represents a differ-
ence amount between the third data D3 and the fourth data
D4. The smaller the evaluation value is, the smaller the
difference between the third data D3 and the fourth data D4
is, which indicates that the inspection object is a non-
defective product.

[0071] The state determination unit 146 is configured to
determine a difference between a state of the inspection
object and a reference state based on the comparison result
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between the third data D3 and the fourth data D4. That is, the
state determination unit 146 sets the third data D3 generated
based on the new first data D1 as the reference state to
determine the difference between the state of the fourth data
D4 and the state of the third data D3 which is the reference
state. As a result, the state determination unit 146 determines
that the electric steering device 50 is a non-defective product
when a difference amount between the degree of vibration
that can be grasped from the third data D3 and the degree of
vibration that can be grasped from the fourth data D4 is
small.

[0072] Specifically, if the inspection object is a non-
defective product, the fourth data generation unit 141 gen-
erates the fourth data D4 that is not different from the third
data D3. Therefore, in this case, the state determination unit
146 determines that the inspection object is a non-defective
product. On the other hand, if the inspection object is a
defective product, the fourth data generation unit 141 gen-
erates the fourth data D4 that is different from the third data
D3. As a result, if the difference between the third data D3
and the fourth data D4 is large, the state determination unit
146 determines that the inspection object is a defective
product. Thus, the determination unit 140 can easily deter-
mine the inspection result for the inspection object.

[0073] When the evaluation value is a preset threshold
value or less, the state determination unit 146 determines
that the state of the inspection object is included within a
predetermined range from the reference state. In the present
embodiment, when the evaluation value generated by the
evaluation value generation unit 145 is the preset threshold
value or less, the state determination unit 146 determines
that the electric steering device 50 which is the inspection
object is a non-defective product. Accordingly, the determi-
nation unit 140 can easily determine the inspection result for
the inspection object. Then, the output unit 147 is configured
to output the determination result by the state determination
unit 146 as the inspection result of the inspection device 100.

(4. Fifth Data D5)

[0074] Here, as shown in FIG. 12, image data of the third
data D3 includes (axb) pieces of pixel data having a pieces
of pixel data in a horizontal axis direction indicating mag-
nitude of the second frequency {2 and b pieces of pixel data
in a vertical axis direction indicating magnitude of the first
frequency fl1. In the third data D3, a value of the amplitude
component of each piece of pixel data is represented by a
color of a pixel, whereas in FIG. 12, the value of the
amplitude component in the third data D3 is represented by
a coordinate value in the two-dimensional coordinate system
of'the first frequency f1 and the second frequency 2. Among
coordinates of the third data D3 represented in the two-
dimensional coordinate system, the value of the amplitude
component indicated by a coordinate located at an m-th
counted from a left and an n-th counted from a bottom is
denoted as D3 (m, n).

[0075] As shown in FIG. 13, image data of the fourth data
D4 includes the same number of pieces of pixel data as the
third data D3. In FIG. 13, similarly to FIG. 12, the value of
the amplitude component in the fourth data D4 is repre-
sented by a coordinate value in the two-dimensional coor-
dinate system of the first frequency component and the
second frequency component.

[0076] Among coordinates of the fourth data D4 repre-
sented in the two-dimensional coordinate system, the value
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of the amplitude component indicated by a coordinate
located at an m-th counted from a left and an n-th counted
from a bottom is denoted as D4 (m, n).

[0077] As shown in FIG. 14, the fifth data D5 is two-
dimensional coordinate system data similar to the third data
D3 and the fourth data D4 represented in the two-dimen-
sional coordinate system. The coordinate value of the fifth
data D5 is a difference value of the corresponding coordinate
values of the third data D3 and the fourth data D4 repre-
sented in the two-dimensional coordinate system. Among
coordinates of the fifth data D5 represented in the two-
dimensional coordinate system, the difference value of the
amplitude component indicated by a coordinate located at an
m-th counted from a left and an n-th counted from a bottom
is denoted as D5 (m, n).

[0078] D5 (m, n)is a value obtained by subtracting D4 (m,
n) from D3 (m, n), so that if there is no difference in
amplitude component between D3 (m, n) and D4 (m, n), D5
(m, n) is zero. On the other hand, if there is a difference in
amplitude component between D3 (m, n) and D4 (m, n), D5
(m, n) is a positive value or a negative value.

(5. Filter Processing Unit 143)

[0079] Next, a reason why the fifth data D5 is processed
using the low-pass filter will be described with reference to
FIGS. 15A and 15B. Here, a case is taken as an example
where, in the third data D3, the second frequency 2 at which
the value of the amplitude component increases is x1, and in
the fourth data D4, the second frequency {2 at which the
value of the amplitude component increases is x2, which is
slightly larger than x1. Among coordinates of the sixth data
D6 represented in the two-dimensional coordinate system,
the difference value of the amplitude component indicated
by a coordinate located at an m-th counted from a left and
an n-th counted from a bottom is denoted as D6 (m, n).

[0080] FIG. 15A shows an example of the fifth data D5,
and shows, for each second frequency component, a differ-
ence in the difference value in which the first frequency f1
is a specific value y. In the example shown in FIG. 15A,
when the second frequency {2 is x1, the difference value (D5
(x1, y)=D3 (x1, y)-D4 (x1, y)) of the amplitude component
is extremely large. On the other hand, when the second
frequency 12 is x2, the difference value (D5 (x2, y)=D3 (x2,
y)-D4 (x2, y)) of the amplitude component is extremely
small.

[0081] In fact, if the difference in the second frequency 2
is within an error range, the difference does not affect the
state determination (the determination whether the inspec-
tion object is a non-defective product) of the inspection
object. However, in the fifth data D5, when the difference in
the second frequency {2 is within the error range, D5 (x1, y)
and D5 (x2, y) can be extreme values. Accordingly, an
evaluation value generated by squaring each value of D5
(x1, y) and D5 (x2, y) directly in the positive value pro-
cessing unit 144 and calculating a sum of the coordinate
values after the positive value processing in the evaluation
value generation unit 145 may be extremely large. That is,
the state determination unit 146 is more likely to determine
that the evaluation value is larger than a threshold value. As
a result, the difference in the second frequency 2 does not
actually affect the determination whether the inspection
object is a non-defective product. The inspection device 100
is more likely to determine that the inspection object is a
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defective product even if the inspection object should be
determined to be a non-defective product.

[0082] On the other hand, in the determination unit 140,
the filter processing unit 143 performs processing using a
low-pass filter on the fifth data D5. In this case, when the
coordinate value is an extreme value in the fifth data D5, the
determination unit 140 can reduce an influence of the
coordinate value on the determination result by the state
determination unit 146. As a result, when the difference
between the first frequency fl and the second frequency f2
is an error that does not affect the state determination (the
determination whether the inspection object is a non-defec-
tive product) of the inspection object, the inspection device
100 can avoid determining that the inspection object is a
defective product based on the error.

[0083] As described above, in the inspection device 100,
the second data generation unit 112 converts the first data D1
of time series into the second data D2 which is spectrogram
data including the first frequency component, the time
component, and the amplitude component. The third data
generation unit 113 converts the second data D2 into the
third data D3 including the first frequency component, the
second frequency component, and the amplitude compo-
nent. Then, the determination unit 140 determines the state
of the inspection object based on the third data D3. That is,
the third data D3 is obtained by excluding the time compo-
nent from the first data D1, and the determination unit 140
determines the state of the inspection object using the data
that does not include the time component. Accordingly, the
inspection device 100 can obtain the inspection result in
which the influence due to the difference in the time com-
ponent is eliminated when performing the inspection using
the time series data, and as a result, the inspection result with
high accuracy can be obtained. The inspection device 100
can obtain a highly accurate inspection result by using the
automatic encoder as the learning model M.

[0084] The inspection device 100 uses the output signals
of the vibration sensors 151, 152 and the sound sensor 153
as the first data D1. Therefore, the inspection system 1 can
obtain a highly accurate inspection result by performing the
inspection by the inspection device 100 while using a sensor
used in a related art.

[0085] In the inference phase 102, when the evaluation
value is the threshold value or less, the state determination
unit 146 determines that the inspection object is a non-
defective product. That is, even if the inspection object
includes defective elements, the state determination unit 146
determines that the inspection object is a non-defective
product if the number of the included defective elements is
small. On the other hand, in the learning phase 101, the third
data D3 to be input by the learning model generation unit
120 is preferably generated based on the first data D1
obtained from the inspection object not including the defec-
tive elements. In this case, the inspection device 100 can
prevent the state determination unit 146 from erroneously
determining that the inspection object that is actually a
defective product is a non-defective product.

DESCRIPTION OF REFERENCE NUMERALS

AND SIGNS
[0086] 1 inspection system
[0087] 41 speed reducer (example of inspection object)

[0088] 42 electric motor (example of inspection object)
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[0089] 50 electric steering device (example of inspec-
tion object)

[0090] 100 inspection device

[0091] 101 learning phase

[0092] 102 inference phase

[0093] 110 data conversion unit

[0094] 111 first data storage unit

[0095] 112 second data generation unit
[0096] 113 third data generation unit
[0097] 120 learning model generation unit
[0098] 130 learning model storage unit
[0099] 140 determination unit

[0100] 141 fourth data generation unit
[0101] 142 fifth data generation unit
[0102] 143 filter processing unit

[0103] 144 positive value processing unit
[0104] 145 evaluation value generation unit
[0105] 146 state determination unit
[0106] 151, 152 vibration sensor

[0107] 153 sound sensor

[0108] D1 first data

[0109] D2 second data

[0110] D3 third data

[0111] D4 fourth data

[0112] DS fifth data

[0113] D6 sixth data

[0114] D7 seventh data

[0115] 11 first frequency component
[0116] f2 second frequency component
[0117] M learning model

[0118] M1 input layer

[0119] M3 output layer

What is claimed is:

1. An inspection device comprising:

a first data storage unit configured to store a first data
which is time series according to a state of an inspec-
tion object;

a second data generation unit configured to generate
second data, which is a spectrogram including a first
frequency component, a time component, and an ampli-
tude component by performing short-time Fourier
transform on the first data;

a third data generation unit configured to generate third
data including the first frequency component, a second
frequency component, and the amplitude component by
performing Fourier transform on time-amplitude data
for each first frequency component in the second data,
respectively; and

a determination unit configured to determine the state of
the inspection object based on the third data.

2. The inspection device according to claim 1, further

comprising:

a learning model storage unit configured to store a learn-
ing model when the third data of a reference generated
based on the first data of a reference according to a
reference state of the inspection object is used as an
input layer and an output layer, the learning model
being an automatic encoder in which fourth data is used
as output data when the third data is used as input data,

wherein the determination unit includes:

a fourth data generation unit configured to generate the
fourth data by the learning model by inputting the
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third data generated based on new first data accord-
ing to the state of the inspection object to the learning
model; and

a state determination unit configured to determine a
difference between the state of the inspection object
and the reference state based on a comparison result
between the third data and the fourth data.

3. The inspection device according to claim 2,
wherein the determination unit further includes:

a fifth data generation unit configured to generate fifth
data indicating, in each coordinate of a two-dimen-
sional coordinate system of the first frequency com-
ponent and the second frequency component, a dif-
ference value obtained by calculating a difference
between a value of the amplitude component of each
coordinate of the third data and a value of the
amplitude component of each coordinate of the
fourth data in the two-dimensional coordinate sys-
tem; and

an evaluation value generation unit configured to gen-
erate an evaluation value based on a value of each
coordinate of the fifth data, and

wherein when the evaluation value is a preset threshold
value or less, the state determination unit determines
that the state of the inspection object is included within

a predetermined range from the reference state.

4. The inspection device according to claim 3,

wherein the determination unit further includes a filter
processing unit configured to generate sixth data by
performing processing using a low-pass filter on the
fifth data, and

wherein the evaluation value generation unit generates the
evaluation value based on a value of each coordinate of
the sixth data.

5. The inspection device according to claim 4,

wherein the determination unit further includes a positive
value processing unit configured to generate seventh
data by performing positive value processing on the
sixth data, and

wherein the evaluation value generation unit generates the
evaluation value based on a value of each coordinate of
the seventh data.

6. The inspection device according to claim 3,

wherein the evaluation value generation unit is a sum of
coordinate values of target data.
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7. The inspection device according to claim 1,

wherein the inspection object is a component of an
electric steering device.

8. The inspection device according to claim 1,

wherein the state of the inspection object is a degree of
vibration of the inspection object when the inspection
object is operating.

9. The inspection device according to claim 1,

wherein the first data is an output signal of a vibration
sensor capable of detecting vibration of the inspection
object or an output signal of a sound sensor capable of
detecting a sound generated due to vibration of the
inspection object.

10. An inspection learning model generation device com-

prising:

a first data storage unit configured to store a first data
which is time series according to a state of an inspec-
tion object;

a second data generation unit configured to generate
second data, which is spectrogram including a first
frequency component, a time component, and an ampli-
tude component by performing short-time Fourier
transform on the first data;

a third data generation unit configured to generate third
data including the first frequency component, a second
frequency component, and the amplitude component by
performing Fourier transform on time-amplitude data
for each first frequency component in the second data,
respectively; and

a learning model generation unit configured to generate a
learning model which is used to determine the state of
the inspection object and in which fourth data is used
as output data when the third data is used as input data.

11. The inspection learning model generation device

according to claim 10,

wherein the learning model is an automatic encoder in
which the third data of a reference generated based on
the first data of a reference according to a reference
state of the inspection object is used as an input layer
and an output layer.
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