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7) ABSTRACT

A portable facility failure diagnosis device using detection
of radiation ultrasonic waves, comprising: an ultrasonic
sensor array; a data acquisition board (DAQ board) in which
an electronic circuit for acquiring ultrasonic signals at a
sampling frequency of the ultrasonic signals sensed by the
ultrasonic sensor array is mounted on a substrate of the data
acquisition board (DAQ board); a main board in which an
operation processing device that processes the ultrasonic
signals received from the DAQ board is mounted on the
substrate and the processed ultrasonic sound source infor-
mation to a display device; a data storage medium storing
data processed in the operation processing device of the
main board; a display device visually displaying the data
processed; and an optical camera picking up an image of a
direction.
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PORTABLE ULTRASONIC FACILITIES
DIAGNOSIS DEVICE

BACKGROUND

[0001] This application claims priority to and the benefit
of Korean Patent Application Nos. 10-2017-0060394 and
10-2017-0060422 each filed 16 May 2017 with the Korean
Intellectual Property Office, the entire contents of which are
incorporated herein by reference.

[0002] The present invention relates to a portable ultra-
sonic facilities diagnosis device capable of overlaying two
or three images among an ultrasound image, an optical
image, and a thermal image in a single screen, and particu-
larly, to a portable ultrasonic facilities diagnosis device used
for diagnosing a facility failure by not analyzing an echo-
reflected ultrasonic wave with an ultrasonic wave transmitter
and an ultrasonic wave receiver but showing a generation
location of an ultrasonic wave (not an echo signal) naturally
radiated from a machine or facility or a gas pipe as an image
and further, showing the ultrasonic wave generation location
in one screen through an image and the thermal image.
[0003] Patent Registration No. 10-1477755 provides a
high-voltage board, a low-voltage board, a distribution
board, and a motor control board equipped with an ultra-
sonic wave-based arc and corona discharge monitoring and
diagnosing system which diagnoses a discharge state of arc
or corona of a housing having the high-voltage board
included therein, which include a sensor unit constituted by
multiple ultrasonic sensors which contact or are installed
proximate to a facility provided in the housing and which
detect ultrasonic waves generated by the arc or corona
discharge; and a monitoring device constituting an abnor-
mality determining unit which senses arc or corona dis-
charge generated in the facility and controls an internal state
of the housing according to the sensed arc or corona dis-
charge information, based on an ultrasonic signal detected
by the sensor unit.

SUMMARY OF THE INVENTION

[0004] The present invention has been made in an effort to
provide a portable ultrasonic facilities diagnosis device
capable of overlaying two or three images among an ultra-
sound image, an optical image, and a thermal image in a
single screen.

[0005] The present invention has been made in an effort to
provide a portable ultrasonic facilities diagnosis device that
visualizes an image for a generation location of an ultrasonic
sound source naturally radiated by a mutual operation
among components in a facility (apparatus), machines, etc.
and a portable facility failure diagnosis device together with
the thermal image and the optical image a computer pro-
gram, unlike a medical ultrasonic diagnosing device visu-
alizing an internal shape by a reflection wave after trans-
mitting an ultrasonic wave by an ultrasonic apparatus in the
related art.

[0006] In addition, the present invention has been made in
an effort to provide a portable ultrasonic facilities diagnosis
device which can realize sound in an ultrasonic wave region
more efficiently than vibration sound which can diagnose an
early fault in machinery failure diagnosis, and includes an
ultrasound sensor. a processing device, a battery, a display
device, and the like in one body case to allow a user to easily
perform ultrasonic visualization while moving a measure-
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ment point, display the result to a visual display device
together with the thermal image in real time, or enable the
result to be recognized through an auditory display device.

[0007] In addition, the present invention has been made in
an effort to provide a portable ultrasonic facilities diagnosis
device which includes a program and an electronic means
for forming an arithmetic processing step so as to be
performed by the electronic means having appropriate per-
formance and an arithmetic processing capability by opti-
mizing and minimizing a data throughput (processing step)
for visualization radiated ultrasonic waves without losing
ultrasonic sound source location size information in an
ultrasonic region where a data processing capacity is large to
ultimately reduce the size and a weight of the apparatus,
show excellent portability, and allows a user to visually or
aurally recognize an ultrasonic wave visualization result on
a spot in addition to the thermal image in real time, thereby
showing excellent merchantability.

[0008] An exemplary embodiment of the present inven-
tion provides a portable facility failure diagnosis device
using detection of radiation ultrasonic waves, including: an
ultrasonic sensor array constituted by a plurality N of
ultrasonic sensors and sensing ultrasonic signals radiated
from a facility while orienting a radiation sound source; a
data acquisition board in which an electronic circuit for
acquiring ultrasonic signals x,, at a sampling frequency f, of
the ultrasonic signals sensed by the ultrasonic sensor array
is mounted on a substrate of the data acquisition board; a
main board in which an operation processing device that
processes the ultrasonic signals received from the data
acquisition board is mounted on the substrate and the
processed ultrasonic sound source information to a display
device; a data storage medium storing data processed in the
operation processing device of the main board; a display
device visually displaying the data processed by processed
in the operation processing device of the main board; an
optical camera picking up an image of a direction in which
the ultrasonic sensor array is directed and transmitting the
image to the main board; and an IR camera picking up a
thermal image in a direction in which the optical camera is
directed.

[0009] Further, the portable facility failure diagnosis
device further includes an case internal charging battery or
an external portable battery supplying power to the data
acquisition board, the main board, and the display device
and the ultrasonic sensor array, the data acquisition board,
the main board, and the data storage medium are mounted
and fixed on a plastic body case made of a hard material, and
the main board overlaps and displays at least two to three
images selected from ultrasonic sound source information,
an optical image in a direction which the sensor array picked
by the optical camera, and the thermal image picked by the
IR camera together by matching location coordinates of the
at least two to three images.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1isa conceptual view of a radiation ultrasonic
wave visualization sensor coordinate and a virtual plane
coordinate according to the present invention.

[0011] FIG. 2 is a conceptual view of a radiation ultrasonic
wave visualization time delay summation according to the
present invention.
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[0012] FIG. 3 is a configuration diagram of a mobile
ultrasonic facility failure diagnosis device according to the
present disclosure.

[0013] FIGS. 4 and 5 are explanatory diagrams of a
radiation ultrasonic wave visualization process according to
the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0014] Hereinafter, a mobile ultrasonic facility failure
diagnosis device having an electronic means and a computer
program for visualizing radiation ultrasonic waves will be
described in detail with reference to the accompanying
drawings.

[0015] The present invention relates to a portable ultra-
sonic facilities diagnosis device used for diagnosing a facil-
ity failure by not analyzing an echo-reflected ultrasonic
wave with an ultrasonic wave transmitter and an ultrasonic
wave receiver but showing a generation location of an
ultrasonic wave (not an echo signal) naturally radiated from
a machine or facility or a gas pipe as an image and further,
showing the ultrasonic wave generation location in one
screen through an image and the thermal image.

[0016] The portable ultrasonic facilities diagnosis device
having an electronic means and a computer program for
visualizing radiation ultrasonic waves according to the
exemplary embodiment of the present invention includes an
ultrasonic sensor array 10, a data acquisition board (DAQ
board) 20, a main board 30, a data storage medium 40, a
battery 50, a plastic body case 60, a display device 70, an
optical camera 80, and an IR camera 90.

[0017] As illustrated in FIG. 3, the ultrasonic sensor array
10 includes a plurality of (N) ultrasonic sensors 11 and
senses ultrasonic signals radiated from a facility while
orienting a radiation sound source. The ultrasonic sensor
array 10 may have a structure in which a plurality of MEMS
microphones, ultrasonic transducers or ultrasonic sensors
are mounted on a printed circuit board (PCB) on a planar
surface or a flexible PCB on a curved surface.

[0018] An electronic circuit for acquiring the ultrasonic
signals x, at a sampling frequency f; of the ultrasonic signals
sensed by the ultrasonic sensor array 10 is mounted on a
substrate of the data acquisition board (DAQ board) 20. The
data acquisition board (DAQ board) 20 may be responsible
for sampling and may incorporate a signal amplification
circuit.

[0019] The main board 30 has an arithmetic processing
unit 31 for processing a digital (or analog) ultrasonic signal
received from the data acquisition board (DAQ board) 20
mounted on the substrate thereof and transfers the processed
ultrasonic sound source information into the display device
70. The data storage medium 40 stores data processed by the
arithmetic processing unit 31 of the main board 30.

[0020] The battery 50 supplies power to the data acquisi-
tion board 20 and the main board 30. It is preferable that the
battery 50 is detachably installed inside the plastic body case
60, but may be a separate portable rechargeable battery that
is positioned outside the plastic body case 60 to supply the
power to the data acquisition board 20, the main board 30,
and the display device 70 by electric wires. Alternatively,
both an internal battery and an external auxiliary battery
may be provided and used.
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[0021] The plastic body case 60 is made of a hard material
for fixing the ultrasonic sensor array 10, the data acquisition
board 20, the main board 30, and the data storage medium
40.

[0022] The plastic body case 60 supports the array 10
constituted by the plurality of ultrasonic sensors 11 electri-
cally connected to each other or preferably supports the
ultrasonic sensor array 10 by supporting and fixing a PCB
board of the ultrasonic sensor array on a flat or curved plate
on which the ultrasonic sensors 11 are mounted. A hollow
chamber 1s formed in the plastic body case 60 and the data
acquisition board 20 and the main board 30 having an
arithmetic processing capability are fixedly installed in the
hollow chamber.

[0023] The display device 70 visually displays the data
processed by the operation processing unit 31 of the main
board 30 and is integrally installed in the plastic body case
60. Alternatively, the display device 70 is integrally fixed to
the plastic body case 60 so as to be exposed to the outside
of the plastic body case 60.

[0024] The optical camera 80 picks up an image of a
direction in which the ultrasonic sensor array 10 is directed
and transmits the image to the main board 30. When the
sensor array 10 is has a plat shape, an optical lens of the
optical camera 80 is exposed to a direction in which the
sensor array 10 is directed. A front surface of the plastic
body case 60 has a hole for exposing the lens of the optical
camera 80.

[0025] The IR camera 90 which picks up the image picks
up the thermal image in which the optical camera 80 is
directed and transmits the picked-up thermal image to the
main board 30 having the operation processing device. The
main board 30 overlays and displays the thermal image
together with the optical image which is picked up by the
optical camera 70 and in the direction in which the sensor
array 10 is directed. The IR camera 90 may be substituted
with a thermal image pick-up camera having a different
thermal pick-up principle.

[0026] <Main Board Function>

[0027] FIG. 5 is a flowchart of a radiation ultrasonic wave
visualization method according to the present invention. As
illustrated in FIGS. 1 to 5, first, in a delay distance calcu-
lation step S10, distances between the sensors 11 and virtual
plane points are calculated using a sensor coordinates and a
virtual plane coordinate.

[0028] FIG. 1 is a diagram illustrating a relationship
between a sensor coordinate and a virtual plane coordinate.
As illustrated, the distance d,. between the sensor coordinate
(Xs, Ys) and the virtual plane coordinate (Xg, Yg) is
calculated as follows. When a distance L. is 1 m, an operation
of +1.% is expressed by +1 operation.

4N X (VY

Next, in an ultrasonic wave sensing step (520), the ultra-
sonic sensor array 10 constituted by the plurality of (N)
ultrasonic sensors 11 and orienting the radiation sound
source senses the ultrasonic signals.

[0029] Ina dataacquisition step (S30), the data acquisition
board (DAQ board) 20 acquires the ultrasonic signals x,, at
a sampling frequency f, of the ultrasonic signals sensed by
the ultrasonic sensor array 10. A detailed equation for the
ultrasonic signal x, is as follow.
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S-1

X,[s] = an(t)-d(t— %]

=0

[0030] Herein, S represents a sample number. f; represents
sampling Rate (frequency).

[0031] After the data acquisition step (S30), a step (S40)
is performed, in which a band pass filter of a predetermined
ultrasonic frequency band f1 to f2 is applied to the ultrasonic
signals x,, acquired in the step (S30) by the main board 30
having the arithmetic processing device. In filtering data
X,1s], 1=nf=N.

X (8175, (ST Fs]

[0032] FIG. 2 isa conceptual view of a radiation ultrasonic
wave visualization time delay summation according to the
present invention. In a sound source value calculating step
(S50) which is performed next, time delay correction is
applied to each of the ultrasonic signals x,, by using the delay
distances of the step (S10) and the ultrasonic signals to
which the time delay correction is applied are aggregated to
calculate sound source values r,, off M virtual plane points.
[0033] First, a delay sample number is calculated. The
time delay is calculated using the distance between the
sensor aid the virtual plane and a sound speed and the delay
sample number is calculated by the calculated time delay.
The details are as follows.

de
T = el (Time delay),

d ks
Ni=fsmi =fs'Ek :fE'dk =Cy-dy
Cd = LCS'
[0034] Herein, C, represents a time delay coefficient and ¢

is the sound speed. N, represents the delay sample number.
[0035] Next, the time delay is compensated by using the
delay sample number and summed up. In this case, a
correction coeflicient for each sensor is applied.

N-1
v

Fls]= ) g [s] -0l = Ny

n=t

@,: Weighting Factor

[0036] Herein, 1=nk<M. M represents the number of all
elements in rows and columns on the virtual plane coordi-
nate.

[0037] Next, Next, the beam power level calculating step
(860) of calculating the beam power levels z of the gener-
ated sound source values r,,, is performed.

15
U= Ngrnk [s]

[0038] In the visual display step (S70), the beam power
levels z calculated in step 250 are overlayed and displayed
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on the display device 70 together with an optical image in
the direction which the sensor array 10 faces.

[0039] <Sensor Array and Sampling Frequency>

[0040] As illustrated in FIG. 3, the ultrasonic sensor array
10 may be configured in a structure in which the plurality of
ultrasonic sensors 11 is mounted on a printed circuit board
forming one plane. The ultrasonic sensor array 10 is exposed
in front of the device and arranged in a forward direction
(one direction). Alternatively, the plurality of ultrasonic
sensors 11 may be arranged at regular intervals on a sphere,
a substantially ball-shaped polyhedron, a hemisphere, and a
rear opening convex curved body. The ultrasonic sensor
array 10 may have a structure in which a plurality of MEMS
microphones, ultrasonic transducers or ultrasonic sensors
are mounted on a flexible PCB on a curved surface.
[0041] Herein, the sampling frequency f, is in a range of
20 KHz (40 KHz) to 200 KHz (400 KHz) and an upperlimit
1 and a lowerlimit {2 of the ultrasonic frequency band of the
band pass filter is preferably in one range which exists
between 10 KHz (20 KHz) to 100 KHz.

[0042] As a result of testing, it can be known that it is
possible to obtain ultrasonic source location information that
is effective and required for detection performance of the
ultrasonic sensor currently released and diagnosing and
monitoring mechanical breakdown, rotation machine break-
down, gas leakage of a gas pipe, and a power facility in this
area and further, a data throughput may be appropriately
reduced in this area. If the sampling frequency is too large,
more data processing is needed, and if the sampling fre-
quency is too small, the ultrasonic area sound source infor-
mation is lost.

[0043] <Band Pass and Hetero Audible Conversion>
[0044] The portable facility failure diagnosis device hav-
ing the electronic means and the computer program for
visualizing the radiation ultrasound waves according to the
exemplary embodiment of the present invention preferably
further includes a sound output means (80, speaker) for
sounding. Herein, the main board 30 performs Heterodyne
conversion of some or all of the generated sound source
values r,,, to convert audible sound signals of a sound wave
band (100 Hz to 20 KHz) and the main board 30 transmits
the audible sound signal to an audible sound output means
90 to allow the user to perceive the radiation ultrasonic wave
by auditory sense.

[0045] Further, the portable ultrasonic imaging facility
diagnosis device includes an input window for a user
interface which is electromagnetically connected with the
main board 30 so as to be exposed to the plastic body case
60 and the upperlimit f; and the lowerlimit f, of the ultra-
sonic frequency band of the band pass filter may be prefer-
ably input through the input window for the user interface by
the user. That is, before the ultrasonic wave sensing step
S20, a step in which the lowerlimit f, and the upperlimit £,
of the ultrasonic frequency band of the band pass filter are
input through the input window is performed. The step may
be performed when the user inputs the upperlimit and the
lowerlimit through the input window or the user selects the
upperlimit and the lowerlimit among various ranges previ-
ously input by a designer.

[0046] The present invention has been described in asso-
ciation with the above-mentioned preferred embedment, but
the scope of the present invention is not limited to the
embodiment and the scope of the present invention is
determined by the appended claims, and thereafter, the scope
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of the present invention will includes various modifications
and transformations included in an equivalent range to the
present invention.

[0047] Reference numerals disclosed in the appended
claims are just used to assist appreciation of the present
invention and it is revealed that the reference numerals do
not influence analysis of the claims and it should not be
narrowly analyzed by the disclosed reference numerals.

What is claimed is:

1. A portable facility failure diagnosis device using detec-

tion of radiation ultrasonic waves, comprising:

an ultrasonic sensor array (10) constituted by a plurality
(N) of ultrasonic sensors (11) and sensing ultrasonic
signals radiated from a facility while orienting a radia-
tion sound source;

a data acquisition board (DAQ board) in which an elec-
tronic circuit for acquiring ultrasonic signals (x,) at a
sampling frequency (f)) of the ultrasonic signals sensed
by the ultrasonic sensor array (10) is mounted on a
substrate of the data acquisition board (DAQ board);

a main board (30) in which an operation processing
device (31) that processes the ultrasonic signals
received from the DAQ board is mounted on the
substrate and the processed ultrasonic sound source
information to a display device (70);

a data storage medium (40) storing data processed in the
operation processing device (31) of the main board
30);

a display device (70) visually displaying the data pro-
cessed by processed in the operation processing device
(31) of the main board (30); and

an optical camera 80 picking up an image of a direction
in which the ultrasonic sensor array (10) is directed and
transmitting the image to the main board (30).

2. The portable facility failure diagnosis device of claim

1, further comprising;

an IR camera picking up a thermal image in a direction in
which the optical camera is directed; and

an case internal charging battery or an external portable
battery supplying power to the data acquisition board,
the main board, and the display device,

wherein the ultrasonic sensor array, the data acquisition
board, the main board, and the data storage medium are
mounted and fixed on a plastic body case made of a
hard material, and

the main board overlaps and displays at least two to three
images selected from ultrasonic sound source informa-
tion, an optical image in a direction which the sensor
array picked by the optical camera, and the thermal
image picked by the IR camera together by matching
location coordinates of the at least two to three images.
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3. The portable facility failure diagnosis device of claim
2, wherein the main board
performs a delay distance calculating of calculating dis-
tances between the sensors and virtual plane points,

applies time delay correction to each of the ultrasonic
signals using the delay distances and generates sound
source values of the virtual plane points by summing up
the time delay corrections, and

generates the sound source values by calculating beam

power levels, and a computer program is embedded and
executed.

4. The portable facility failure diagnosis device of claim
3, wherein the main board overlays and visually displays the
beam power levels on the display device together with the
optical image in the direction in which the sensor array is
directed.

5. The portable facility failure diagnosis device of claim
3, wherein the main board applies a band pass filter in
predetermined frequency bands to the ultrasonic signals
acquired when data is acquired, and

calculates the sound source value by using the signal to

which the band pass filter is applied.

6. The portable facility failure diagnosis device of claim
1, wherein the ultrasonic sensor array has a shape in which
the plurality of ultrasonic sensors are positioned or arranged
on one plane in a forward direction, and

the plurality of ultrasonic sensors are arranged on a sphere

at a regular interval.

7. The portable facility failure diagnosis device of claim
5, wherein the sampling frequency is in a range of 20 KHz
to 200 KHz, and

a lowerlimit and an upperlimit in the ultrasonic frequency

band of the band pass filter is in one range which exists
between 10 KHz and 100 KHz.
8. The portable facility failure diagnosis device of claim
3, further comprising:
a sounding sound output means (speaker),
wherein the main board performs Heterodyne conversion
of some or all of the generated sound source values to
convert an audible sound signal in a sound wave band
(100 Hz to 20 KHz), and

the main board transmits the audible sound signal to a
sounding sound output means 110 to allow a user to
perceive the radiation ultrasonic waves by auditory
sense.

9. The portable facility failure diagnosis device of claim
5, further comprising:

a user interface input window in which the lowerlimit and

the upperlimit in the ultrasonic frequency band of the
band pass filter are input.
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