(19)

US 20170281137A1

12) Patent Application Publication (o) Pub. No.: US 2017/0281137 Al

United States

(54)

(71)

(72)

@1

(22)

(1)

Bingham 43) Pub. Date: Oct. 5, 2017
SIGNAL PROCESSING FOR ULTRASOUND (52) US. CL
IMAGING SYSTEMS CPC .....c.c... A61B 8/5269 (2013.01); A61B 8/54
(2013.01); A61B 8/461 (2013.01); A61B
Applicant: The Boeing Company, Chicago, IL 8/4483 (2013.01)
(US) (57) ABSTRACT
Inventor: Jill Paisley Bingham, Seattle, WA (US) Systems and methods are Provided for s.electively utilizing
ultrasound data to quantify a part being scanned. One
embodiment is a system that includes an ultrasonic wave
Appl. No.: 15/089,737 generator configured to induce ultrasonic waves at locations
along a part being scanned, and a controller. The controller
_ is configured to operate the ultrasonic wave generator to
Filed: Apr. 4, 2016 collect data points that each indicate amplitude data and
time-of-flight data of an ultrasonic wave at the part, to
Publication Classification calculate a standard deVié.lt.iOIl of the t.ime-of-ﬂight data.of
the data points (0,,), to utilize the amplitude data to quantify
Int. CL. the part if o, is less than a threshold value, and to flag the
A61B 8/08 (2006.01) data points in memory as including noise if o, is greater
AG6IB 8/00 (2006.01) than the threshold value.
100
W e MEMORY
126 124
— I
CONTROLLER
122
130 110
111 SIGNAL PROCESSING UNIT 120
( 132
e A
1421
REFLECTED
T ULTRASONIC
WAVE 134
73\5 140xl




Patent Application Publication  Oct. 5,2017 Sheet 1 of 6 US 2017/0281137 Al

FIG. 1
100
AW F MEMORY
126 124
|
CONTROLLER
111-] 10 122
130 SIGNAL PROCESSING UNIT 120
v/ 132
B \ o2
140
T
ULTRASONIC o
WAVE 134
136
FIG. 2
100
. " MEMORY
CONTROLLER
122
10
?O o 1] SIGNAL PROCESSING UNIT 120
. \
A
e
1427 perLECTED
T ULTRASONIC
WAVE “T134
13\6 140\i




US 2017/0281137 Al

Oct. 5,2017 Sheet 2 of 6

Patent Application Publication

L~

0ce

oge

€ OId

31v9

av

AN LTdNY



Patent Application Publication  Oct. 5,2017 Sheet 3 of 6 US 2017/0281137 Al

FIG. 4 FIG. 5

AMPLITUDE TIME OF FLIGHT

400 500

FIG. 6

602
{AMP1, TOF1)

604 R

(AMP2, TOF2)




Patent Application Publication

FIG. 7

( START )

A

702 -

INDUCE ULTRASONIC WAVE AT PART -

Oct. 5,2017 Sheet 4 of 6

US 2017/0281137 Al

Y

704 -

COLLECT DATA POINT INDICATING
AMPLITUDE AND TIME OF FLIGHT DATA
OF AN ULTRASONIC WAVE AT THE PART

706 l

708

IMAGE
COMPLETE?

NO

A4

SELECT NEW LOCATION
FOR IMAGING

710

CALCULATE STANDARD DEVIATION
OF TIME OF FLIGHT DATAFOR
PIXELS OF THE IMAGE

\ 4

712

IDENTIFY THRESHOLD VALUE

'

714

STANDARD

718

\

DEVIATION OF TIME OF
FLIGHT DATALESS THAN
THRESHOLD

FLAG THE DATA POINTS
AS INCLUDING NOISE

VALUE?

716 -

QUANTIFY THE PART BASED ON THE
AMPLITUDE DATA




Patent Application Publication

Oct. 5,2017 Sheet 5 of 6 US 2017/0281137 Al

FIG. 8
SIGNAL PROCESSING UNIT 820
- MEMORY
CONTROL UNIT T
SENSOR | | GENERATOR 822 828
811 810 '
DISPLAY
821
IMAGING SYSTEM 800
832
-
CONSTITUENT MATERIAL
834
PART
830

836 J



Patent Application Publication  Oct. 5,2017 Sheet 6 of 6 US 2017/0281137 Al
FIG. 9
900
SPECIFIGATION AND DESIGN 904
Y
MATERIAL PROCUREMENT 906
\
COMPONENT AND SUBASSEMBLY |- ggg
MANUFACTURING
\ 4
SYSTEM INTEGRATION 910
\ 4
CERTIFICATION AND DELIVERY 912
\
IN SERVICE 914
Y
MAINTENANCE AND SERVICE 916
FIG. 10
AIRCRAFT Fmm e —m—— = - :
9%2 | SYSTEMS |
"“ ! 920 |
s n
ARFRAME | | | PROPULSION ELECTRICAL | |
918 | 924 926 |
| |
INTERIOR : HYDRAULIC ENVIRONMENT :
922 | s w |
b v a e mn e e e e e e e e e -




US 2017/0281137 Al

SIGNAL PROCESSING FOR ULTRASOUND
IMAGING SYSTEMS

FIELD

[0001] The disclosure relates to the field of imaging, and
in particular, to ultrasonic imaging.

BACKGROUND

[0002] Ultrasonic imaging may be utilized for a variety of
purposes. For example, ultrasonic imaging may be per-
formed upon a part/object in order to image a hidden interior
or external surfaces of the part. In this manner, ultrasonic
imaging may be used to ensure that the internal composition
of the part meets with specific standards of quality. In such
systems, ultrasonic waves may be generated at a surface of
a part and transmitted through the part. As the waves are
reflected from an acoustic impedance mismatch (e.g., a back
surface anomaly or other part geometry) of the part towards
an imaging system, the waves may be analyzed in order to
quantify properties of the part being imaged.

[0003] One technique for imaging a part via ultrasound is
known as a “C-scan.” A C-scan is a nondestructive testing
technique that is used to determine the internal properties of
a part/object. During a C-scan, the part is probed with
ultrasonic waves at each of multiple locations along its
surface. The ultrasonic waves reflect within the part and
return for detection. In this manner, the ultrasonic waves
received at each of multiple locations on the part may be
analyzed in order to form a pixel-by-pixel image/scan of a
feature of the part.

[0004] Unfortunately, in many parts, characteristics such
as porosity and part geometry may attenuate the strength of
the ultrasonic wave as it travels through the part. Hence, it
may become difficult to distinguish a returning ultrasonic
wave from random noise (or scattered energy). If random
noise is sampled instead of the returning ultrasonic wave, it
degrades the quality of analysis performed upon the part
(i.e., because data used in the analysis is inaccurate). Thus,
technicians continue to strive to use enhanced techniques for
ultrasonic imaging that address this issue.

SUMMARY

[0005] Embodiments described herein are capable of
determining when an ultrasound image of an object is likely
to be the result of random noise. If the image is likely to be
the result of random noise, embodiments herein prevent the
image from being used to quantify the object being scanned.
Specifically, embodiments described herein are capable of
detecting that the time-of-flight data for the scan is similar
to random noise, and then flagging the scan as including
noise. This helps to prevent the scan from being used to
inaccurately quantify the object being imaged.

[0006] One embodiment is a system that includes an
ultrasonic wave generator configured to induce ultrasonic
waves at locations along a part being scanned, and a
controller. The controller is configured to operate the ultra-
sonic wave generator to collect data points that each indicate
amplitude data and time-of-flight data of an ultrasonic wave
at the part, to calculate a standard deviation of the time-of-
flight data of the data points (0,,), to utilize the amplitude
data to quantify the part if 0,,,is less than a threshold value,
and to flag the data points in memory as including noise if
O,,r 15 greater than the threshold value.
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[0007] Another embodiment is a method for selectively
utilizing ultrasound data. The method includes operating an
ultrasonic wave generator to induce ultrasonic waves at each
of multiple locations along a part being scanned, collecting
data points that each indicate amplitude data and time-of-
flight data of an ultrasonic wave at the part, calculating a
standard deviation of the time-of-flight data for the data
points (0,,), utilizing the amplitude data to quantify the part
if 0, is less than a threshold value, and flagging the data
points in memory as including noise if o,,,1s greater than the
threshold value.

[0008] Another embodiment is a further system for utiliz-
ing ultrasound data. The system includes a memory, an
interface, and a controller. The controller is configured to
operate the interface to retrieve a scan representing a part
that has been inspected via ultrasonic imaging, to populate
the memory with time-of-flight data and amplitude data for
each of multiple data points within the scan, to calculate a
standard deviation of the time-of-flight data for the data
points (0,,,), and to calculate a threshold value based on a
standard deviation of random (e.g., white-noise) time-of-
flight data. The controller is further able to and to selectively
perform signal processing on the data points by, if 0,,,is less
than the threshold value: generating a report quantifying the
part based on the amplitude data for the data points and
storing the report in the memory, and if 0,,,is greater than
the threshold value: updating the memory to flag the scan as
including noise.

[0009] Other exemplary embodiments (e.g., methods and
computer-readable media relating to the foregoing embodi-
ments) may be described below. The features, functions, and
advantages that have been discussed can be achieved inde-
pendently in various embodiments or may be combined in
vyet other embodiments further details of which can be seen
with reference to the following description and drawings.

DESCRIPTION OF THE DRAWINGS

[0010] Some embodiments of the present disclosure are
now described, by way of example only, and with reference
to the accompanying drawings. The same reference number
represents the same element or the same type of element on
all drawings.

[0011] FIGS. 1-2 are diagrams illustrating an ultrasonic
imaging system in an exemplary embodiment.

[0012] FIG. 3 is a diagram illustrating a signal acquired
from an ultrasonic imaging system in an exemplary embodi-
ment.

[0013] FIGS. 4-5 are images illustrating amplitude and
time-of-flight data acquired during a C-scan in an exemplary
embodiment.

[0014] FIG. 6 is a diagram illustrating an image combin-
ing time-of-flight and amplitude data in an exemplary
embodiment.

[0015] FIG. 7 is a flowchart illustrating a method of
processing data acquired via an ultrasonic imaging system in
an exemplary embodiment.

[0016] FIG. 8 is a block diagram of an ultrasonic imaging
system analyzing a part in an exemplary embodiment.
[0017] FIG. 9 is a flow diagram of aircraft production and
service methodology in an exemplary embodiment.

[0018] FIG. 10 is a block diagram of an aircraft in an
exemplary embodiment.
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DESCRIPTION

[0019] The figures and the following description illustrate
specific exemplary embodiments of the disclosure. It will
thus be appreciated that those skilled in the art will be able
to devise various arrangements that, although not explicitly
described or shown herein, embody the principles of the
disclosure and are included within the scope of the disclo-
sure. Furthermore, any examples described herein are
intended to aid in understanding the principles of the dis-
closure, and are to be construed as being without limitation
to such specifically recited examples and conditions. As a
result, the disclosure is not limited to the specific embodi-
ments or examples described below, but by the claims and
their equivalents.

[0020] The following FIGS. describe techniques and sys-
tems that utilize ultrasonic scanning/imaging in order to
analyze the internal properties of parts (e.g., newly manu-
factured multi-layer composite parts being analyzed during
quality control testing). These techniques and systems are
capable of reviewing data points acquired in a scan of a part,
and determining whether those data points indicate that
random noise was unintentionally sampled during the scan.
If too much random noise was sampled, the data points
provide an inaccurate indication of the internal properties of
the part being scanned. Hence, the scan may be flagged as
including too much noise (or otherwise including bad data).
[0021] FIGS. 1-2 are diagrams illustrating an ultrasonic
imaging system 100 in an exemplary embodiment. Ultra-
sonic imaging system 100 comprises any combination of
devices and/or components capable of acquiring data points
for an object/part (e.g., part 120) by inducing and/or detect-
ing the oscillation of ultrasonic waves within that part. In
this embodiment, ultrasonic imaging system 100 comprises
generator 110 and signal processing unit 120. Generator 110
generates an ultrasonic wave 140 at a surface 132 of part 130
as shown in FIG. 1. If generator 110 is implemented as an
ultrasonic transducer, then wave 140 may be generated by
physical vibration at generator 110. Alternatively, if genera-
tor 110 comprises a laser interferometer (e.g., a confocal
dual cavity laser interferometer), then generator 110 may fire
a laser beam 112 at part 130 to induce ultrasonic wave 140.
[0022] The ultrasonic wave 140 travels from surface 132
of part 130 through material 134 and hits back wall 136. As
used herein, back wall 136 need not be a surface at which
part 130 terminates/ends, but rather comprises a location
where the physical properties of part 130 (in particular,
acoustic impedance) substantially change. This may include
for example a part/air boundary, a fiber/resin boundary, a
part/water boundary, an anomaly such as a foreign material
inclusion within the part, etc. A reflected wave 142- then
returns from back wall 136 for detection by system 100. In
embodiments where generator 110 comprises a transducer,
generator 110 may detect the return of an ultrasonic wave
from back wall 136. In other embodiments, a sensor 111 may
be used for this purpose.

[0023] Signal processing unit 120 analyzes data acquired
by imaging system 100 in order to determine whether or not
the data includes random noise. In this embodiment, signal
processing unit 120 includes interface (I/F) 126 which
retrieves signal data for an ultrasonic wave 142 (e.g., a
reflected version of an ultrasonic wave 140 induced via
generator 110), sensor 111 which detects induced ultrasonic
waves, memory 124 which stores data acquired via I/F 126,
and controller 122 which analyzes data maintained in
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memory 124. Additionally signal processing unit 120 may
direct the operations of imaging system 100. In further
embodiments signal processing unit 120 may be indepen-
dently implemented from system 100 (e.g., as an indepen-
dent computer).

[0024] I/F 126 may comprise any suitable data interface,
such as a wired data connection, or a wireless transceiver.
Memory 124 may comprise any component configured to
store data for retrieval, including for example Random
Access Memory (RAM), flash memory, a hard disk, etc.
Controller 122 may be implemented, for example, as custom
circuitry, as a processor executing programmed instructions,
or some combination thereof. Part 130 may comprise any
suitable object, component, or device capable of being
imaged via ultrasound. In one embodiment, part 130 com-
prises a composite part made from multiple plies/tows of
carbon fiber.

[0025] Details of data acquired by ultrasonic imaging
system 100 are described with regard to FIG. 3. Specifically,
FIG. 3 is a diagram illustrating a signal 300 acquired from
ultrasonic imaging system 100 in an exemplary embodi-
ment. As shown in FIG. 3, at some initial time T,, an
ultrasonic wave 140 is generated at surface 132 of part 130.
This results in a large spike 310 of detected ultrasonic
energy briefly after T,. The ultrasonic wave 140 travels
through the part 130, but attenuates as it travels (e.g., owing
to the porosity of the part). Attenuation occurs regardless of
porosity, but porosity enhances the level of attenuation.
Based on the thickness of the part 130, an attenuated,
reflected ultrasonic wave 142 is expected to return during a
time period (e.g., between T, and T,). Sensing of the
reflected ultrasonic wave 142 is therefore gated between T1
and T2, and the highest amplitude detected between T1 and
T2 is assumed to correspond to the reflected ultrasonic wave
142 after it has reflected off of the back wall 136 of the part.
The time of detection (T,) and the amplitude of detection
(Ap) are recorded in memory. However, travel through the
part 130 substantially reduces the power of the reflected
ultrasonic wave 142. Thus, peak 330 corresponding to a
reflection of wave 142 may be of a similar magnitude to
random noise 320 detected by imaging system 100, and in
some circumstances may even be confused with a peak of
random noise 320.

[0026] This process of detecting and recording returning
ultrasonic waves may be iteratively performed at each of
multiple locations on part 130, yielding time-of-flight data
and amplitude data for each of multiple locations on part
130. This is known as performing a “C-scan” of the part
being imaged. FIGS. 4-5 are images illustrating amplitude
and time-of-flight data acquired during a C-scan in an
exemplary embodiment. Specifically, FIG. 4 illustrates an
image 400 formed from a C-scan that indicates amplitude
values, while FIG. 5 illustrates an image 500 formed from a
C-scan that indicates time-of-flight values. The amplitude
and time-of-flight data may be combined such that each
location on the image (e.g., as indicated by X and Y
coordinates) corresponds with an amplitude value. Thus, as
shown in FIG. 6, location 602 corresponds with AMP1 and
TOF1, while location 604 corresponds with AMP2 and
TOF2.

[0027] As used herein, the word “image” may be used to
refer to a scan comprising multiple data points taken at
different physical locations along a part (e.g., part 130).
However, it should be noted that the term is used broadly to
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indicate a collection of data that quantifies a real-world
object imaged by ultrasonic techniques. Thus, an “image” of
part 130 may be stored and/or analyzed as an array of data
points, as a table of entries, etc., and need not be stored in
an image file format. Similarly, the term “pixel” may be used
to refer to a single data point/sample of ultrasonic data taken
at a specific location at a part.

[0028] Further details of the operation of imaging system
100 will be described with regard to method 700 of FIG. 7.
Assume, for this embodiment, that imaging system 100 is
being operated by signal processing unit 120, and that part
130 has been placed proximate to imaging system 100 for
analysis. Thus, imaging system 100 will utilize ultrasonic
techniques to image/scan part 130, and will further review
this data to determine whether it has sampled random noise
instead of desired ultrasonic waves. Steps 702-708 describe
scanning/imaging part 130 via ultrasonic techniques, while
steps 710-718 describe analysis of an acquired set of data
points for part 130.

[0029] FIG. 7 is a flowchart illustrating a method 700 for
processing data acquired by an ultrasonic imaging system in
an exemplary embodiment. The steps of method 700 are
described with reference to imaging system 100 of FIG. 1,
but those skilled in the art will appreciate that method 700
may be performed in other systems as desired. The steps of
the flowcharts described herein are not all inclusive and may
include other steps not shown. The steps described herein
may also be performed in an alternative order.

[0030] Controller 122 initiates the process by directing
generator 110 to induce/apply an ultrasonic wave 140 at
surface 132 of part 130 (e.g., via Laser Ultrasound (LUT) or
via an ultrasound transducer) (step 702). The generated
wave 140 travels through material 134 towards back wall
136. A reflected wave 142 returns from back wall 136 for
detection by imaging system 100.

[0031] Controller 122 implements a gated detection sys-
tem, such that incoming signaling is sampled over a gated
period of time (e.g., one half of a second) during which the
reflected ultrasonic wave 142 is expected to return from
back wall 136. That is, controller 122 may acquire a wave-
form representing ultrasonic wave 142 during the gated time
period, the waveform including a plurality of data points
(each data point having corresponding amplitude data for a
point in time). Controller 122 may then process the plurality
of data points to collect a data point that indicates amplitude
data and time-of-flight data for a feature of interest (e.g., the
highest peak value during the gated time period). Thus,
according to exemplary method 700, a data point is col-
lected/selected that includes the highest peak value detected
over the gated time period, and the time at which the peak
value was detected (step 704). The data point may be stored
in memory 124, and may be associated with the location on
part 130 that was scanned. The time value therefore may
indicate the transit time of the reflected ultrasonic wave 142
from inducement to detection, or may be re-scaled to fit
within a range of the gated detection period (e.g., such that
the beginning of the gated detection period is set to zero,
while the end of the gated time period is set to a maximum
time value).

[0032] Controller 122 further determines whether or not
imaging/sampling/scanning of part 130 has been completed
(step 706). For some parts, a resolution of many Pixels Per
Inch (PPI) is desired to scan part 130. Thus, hundreds,
thousands, or even millions of samples/data points may be
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acquired in order to form the image/scan. If not all data
points have yet been acquired, controller 122 selects a new
location on part 130 for scanning/imaging (step 708), and
resumes steps 702-706.

[0033] Alternatively, if enough samples/data points have
been acquired for the scan, then the scan/image has been
completed. Hence, processing proceeds onward to step 710.
In step 710, controller 122 calculates the standard deviation
of time-of-flight data (herein, o,,) acquired for a number of
data points within the scan. g,,,does not have to be calcu-
lated by using all of the data points acquired during the scan,
but a large enough (and spatially diverse enough) set of data
points should be used to ensure that an accurate and precise
statistical analysis is performed.

[0034] After o, has been calculated, it is desirable to
determine whether g, is indicative of random noise. To this
end, controller 122 identifies a threshold value that is based
off of a statistical measure of random noise (step 712). The
random noise may comprise a random signal with constant
power spectral density (e.g., white noise). Controller 122
may compare Oy, to the threshold value to determine
whether ornot o,,,is indicative of random noise. If 6,,,is too
similar to the threshold value (e.g., because it is highly
variable), it becomes likely that the acquired samples/data
points taken during scanning represent random noise.

[0035] In one embodiment, the threshold value is based on
the standard deviation (0,) of a set of random time-of-flight
values corresponding to random noise. The set of random
values may be equal in size to the number of data points used
to calculate 0, The random values may be spread across all
possible time-of-flight values that could be acquired during
sampling. Thus, if sampling is gated to a known time period,
the random values would be spread across that time period.
The threshold value may be determined by adding or sub-
tracting a specified amount to o,, or by multiplying/dividing
g, by a specific amount such as 2 or 2.5.

[0036] Next, controller 122 compares 0, to the threshold
value (step 714). If ©,,is less than the threshold value, then
the time-of-flight values in the image do not vary by a
notable amount, and the samples are therefore unlikely to
have been the result of random noise. Thus, controller 122
may proceed to quantify part 130 based on the amplitude
data (step 716). For example, controller 122 may perform
calculations based upon the amplitude data stored in the
image, and generate a report indicating the porosity of the
part based on those calculations. The report may further
detect whether the porosity of part 130 is outside of an
acceptable range, and indicate that part 130 is out of
tolerance in response to part 130 being outside of the range.
The report may be transmitted to a user for review, shown
via a display, or stored in memory 124 for later retrieval.

[0037] Alternatively, if o, is greater than the threshold
value, then the time-of-flight data indicates that random
peaks in amplitude have been sampled by system 100. Thus,
controller 122 updates memory 124 to indicate that the
image includes noise/bad data at a level that is unacceptable
(e.g., because it would lead to an inaccurate analysis of the
image) (step 718). The image may further be discarded from
memory 124 or reviewed by a user, and controller 122 may
attempt to re-image part 130 (e.g., using different parameters
in order to attempt reduce the amount of noise being
sampled).
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EXAMPLES

[0038] In the following examples, additional processes,
systems, and methods are described in the context of an
ultrasonic imaging system 800 that analyzes an image of a
composite part. The example will be described with respect
to the systems and devices of FIG. 8.

[0039] FIG. 8is a block diagram of an ultrasonic imaging
system 800 analyzing a part 830 in an exemplary embodi-
ment. Imaging system 800 includes an ultrasonic wave
generator 810, a sensor 811, and a signal processing unit
820. Signal processing unit 820 includes a backend interface
826 (e.g., an internal computer bus, Universal Serial Bus
(USB), etc.) for providing instructions to generator §10.
Signal processing unit 820 also includes frontend interface
828 (e.g., an Ethernet connection) through which reports
may be transmitted, and display 821 (e.g., a screen) for
displaying data to a user. Controller 822 controls the opera-
tions of imaging system 100. FIG. 8 further illustrates an
exemplary part 830, which includes constituent material 834
(e.g., laminate of multiple plies of carbon fiber), an upper
surface 832, and a lower surface 836.

[0040] In this example, part 830 has a uniform thickness
of eighty plies of carbon fiber material. Part 830 is imaged
by ultrasonic imaging system 800 in order to determine a
porosity of part 830 (e.g., a number indicating what per-
centage of part 830 comprises hollow bubbles). To this end,
ultrasonic imaging system 800 a confocal dual cavity laser
interferometer (3.5 MHz) to image part 830. The interfer-
ometer includes sensor 811 (a cavity) and generator 810 (a
laser). For each pixel (i.e., for each of multiple locations on
part 830), imaging system 800 generates an ultrasonic wave
and records amplitude and time-of-flight data. This results in
an image of 400x400 pixels representing part 830.

[0041] The porosity of part 830 causes attenuation in the
ultrasonic wave as it travels from front surface 832 to back
wall 836. Thus, even though detection of the returning wave
is gated to a time period when the wave is expected to return,
the wave may be confused with a peak occurring during the
gated period that is cause by random noise. Thus, it is
possible that the amplitude value and time-of-flight values
recorded for the ultrasonic wave represent noise, and not the
desired signal of the returning ultrasonic wave.

[0042] To account for this problem and determine whether
or not random noise dominates the image, controller 822
performs a statistical analysis of the image. The statistical
analysis includes calculating the standard deviation of the
time-of-flight data for the pixels of the image (o,,). In this
example, the sample size comprises the time-of-flight values
for the entire population of pixels.

[0043] Controller 822 also determines a standard devia-
tion for a random sampling (0,) according to formula (1)
below (setting N equal to the number of pixels used to
calculate o).

mTr L& ()
— _ )2 = _ c:
o= Ngi (x; — )" where g = NZ;A,

[0044] Controller 822 then divides o,by a predefined
constant (in this example, the number two) to calculate a
threshold valve. If o, is greater than the threshold value,
this indicates that the time-of-flight values may be random.
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If the peaks sampled by imaging system 800 were sampled
at substantially random times, it suggests that the peaks
themselves (i.e., the amplitude values) are likely to be
representative of mere random noise, instead of the desired
ultrasonic wave. Thus, if 0,,,is greater than the threshold
value the image is flagged in memory 824 as invalid.
However, if 0,,,is less than the threshold value, then the
peaks are more likely to represent the reflected ultrasonic
wave. Thus, controller 822 utilizes the amplitude data for the
image in order to calculate a porosity of part 830 and report
the porosity to a user via display 821. Other calculations
may be performed upon the amplitude and time-of-flight
data to further quantify part 830 as desired.

[0045] Referring more particularly to the drawings,
embodiments of the disclosure may be described in the
context of an aircraft manufacturing and service method 900
as shown in FIG. 9 and an aircraft 902 as shown in FIG. 10.
During pre-production, exemplary method 900 may include
specification and design 904 of the aircraft 902 and material
procurement 906. During production, component and sub-
assembly manufacturing 908 and system integration 910 of
the aircraft 902 takes place. Thereafter, the aircraft 902 may
go through certification and delivery 912 in order to be
placed in service 914. While in service by a customer, the
aircraft 902 is scheduled for routine maintenance and service
916 (which may also include modification, reconfiguration,
refurbishment, and so on).

[0046] Each of the processes of method 900 may be
performed or carried out by a system integrator, a third party,
and/or an operator (e.g., a customer). For the purposes of this
description, a system integrator may include without limi-
tation any number of aircraft manufacturers and major-
system subcontractors; a third party may include without
limitation any number of vendors, subcontractors, and sup-
pliers; and an operator may be an airline, leasing company,
military entity, service organization, and so on.

[0047] As shown in FIG. 10, the aircraft 902 produced by
exemplary method 900 may include an airframe 918 with a
plurality of systems 920 and an interior 922. Examples of
high-level systems 920 include one or more of a propulsion
system 924, an electrical system 926, a hydraulic system
928, and an environmental system 930. Any number of other
systems may be included. Although an aerospace example is
shown, the principles of the invention may be applied to
other industries, such as the automotive industry.

[0048] Apparatus and methods embodied herein may be
employed during any one or more of the stages of the
production and service method 900. For example, compo-
nents or subassemblies corresponding to production stage
908 may be fabricated or manufactured in a manner similar
to components or subassemblies produced while the aircraft
902 is in service. Also, one or more apparatus embodiments,
method embodiments, or a combination thereof may be
utilized during the production stages 908 and 910, for
example, by substantially expediting assembly of or reduc-
ing the cost of an aircraft 902. Similarly, one or more of
apparatus embodiments, method embodiments, or a combi-
nation thereof may be utilized while the aircraft 902 is in
service, for example and without limitation, to maintenance
and service 916. For example, the techniques and systems
described herein may be used for steps 906, 908, 910, 914,
and/or 916, and/or may be used for airframe 918 and/or
interior 922.
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[0049] In one embodiment, imaging system is utilized to
analyze parts that comprise a portion of airframe 118 (e.g.,
a wing), in order to ensure that these parts meet with quality
standards before, after, or during component and subassem-
bly manufacturing 1108. For example, part 830 may be
assembled into an aircraft in system integration 1110, and
then be utilized in service 1114 until wear renders part 830
unusable. Imaging system 800 may be utilized for example
to ensure that part 830 continues to conform with quality
standards. Then, in maintenance and service 1116, part 830
may be discarded and replaced with a newly manufactured
part 830. Thus, imaging system 8§00 may be utilized again in
order to ensure that the new part 830 meets quality stan-
dards.

[0050] Any of the various elements shown in the figures or
described herein may be implemented as hardware, soft-
ware, firmware, or some combination of these. For example,
an element may be implemented as dedicated hardware.
Dedicated hardware elements may be referred to as “pro-
cessors”, “controllers”, or some similar terminology. When
provided by a processor, the functions may be provided by
a single dedicated processor, by a single shared processor, or
by a plurality of individual processors, some of which may
be shared. Moreover, explicit use of the term “processor” or
“controller” should not be construed to refer exclusively to
hardware capable of executing software, and may implicitly
include, without limitation, digital signal processor (DSP)
hardware, a network processor, application specific inte-
grated circuit (ASIC) or other circuitry, field programmable
gate array (FPGA), read only memory (ROM) for storing
software, random access memory (RAM), non-volatile stor-
age, logic, or some other physical hardware component or
module.

[0051] Also, an element may be implemented as instruc-
tions executable by a processor or a computer to perform the
functions of the element. Some examples of instructions are
software, program code, and firmware. The instructions are
operational when executed by the processor to direct the
processor to perform the functions of the element. The
instructions may be stored on storage devices that are
readable by the processor. Some examples of the storage
devices are digital or solid-state memories, magnetic storage
media such as a magnetic disks and magnetic tapes, hard
drives, or optically readable digital data storage media.

[0052] Although specific embodiments are described
herein, the scope of the disclosure is not limited to those
specific embodiments. The scope of the disclosure is defined
by the following claims and any equivalents thereof.

1. A system comprising:

an ultrasonic wave generator configured to induce ultra-
sonic waves at locations along a part being scanned,
and

a controller configured to operate the ultrasonic wave
generator to collect data points that each indicate
amplitude data and time-of-flight data of an ultrasonic
wave at the part, to calculate a standard deviation of the
time-of-flight data of the data points (0,,), to utilize the
amplitude data to quantify the part if 0,,.is less than a
threshold value, and to flag the data points in memory
as including noise if 0,,,is greater than the threshold
value.
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2. The system of claim 1 wherein:

the time-of-flight data indicates a time for an ultrasonic
wave induced at a surface of the part to reflect off of a
back wall of the part and return for detection;

the amplitude data indicates a magnitude of the ultrasonic
wave; and

the controller is configured to determine that the ampli-
tude data corresponds to random noise if o,,-1is greater
than the threshold value.

3. The system of claim 1 wherein:

the controller is configured to quantify a porosity of the
part based on the amplitude data, and to update a
memory to indicate the porosity of the part.

4. The system of claim 3 wherein:

the controller is configured to indicate that the part is out
of tolerance in response to the porosity being outside of
an acceptable range.

5. The system of claim 1 wherein:

the threshold value comprises a standard deviation of
random noise (o,) divided by a predefined constant.

6. The system of claim 5 wherein:

o, is calculated based on a sample size equal to the
number of data points used to calculate o,,.

7. The system of claim 1 wherein:

the part comprises a multi-layer composite part.

8. A method comprising:

operating an ultrasonic wave generator to induce ultra-
sonic waves at each of multiple locations along a part
being scanned;

collecting data points that each indicate amplitude data
and time-of-flight data of an ultrasonic wave at the part;

calculating a standard deviation of the time-of-flight data
for the data points (0,,);

utilizing the amplitude data to quantify the part if o, is
less than a threshold value, and

flagging the data points in memory as including noise if
0, 18 greater than the threshold value.

9. The method of claim 8 further comprising:
determining that the amplitude data corresponds to ran-
dom noise if 0,,.is greater than the threshold value.

10. The method of claim 8 further comprising:

quantifying a porosity of the part based on the amplitude
data, and updating a memory to indicate the porosity of
the part.

11. The method of claim 10 further comprising:

indicating that the part is out of tolerance in response to
the porosity being outside of an acceptable range.

12. The method of claim 8 further comprising:

the threshold value comprises a standard deviation of
random noise (0,) divided by a predefined constant.

13. The method of claim 12 wherein:

0, is calculated based on a sample size equal to the
number of data points used to calculate o,,x

14. The method of claim 8 wherein:

the part comprises a multi-layer composite part.

15. A system comprising:

a nemory;

an interface; and

a controller configured to operate the interface to retrieve
a scan representing a part that has been inspected via
ultrasonic imaging, to populate the memory with time-
of-flight data and amplitude data for each of multiple
data points within the scan, to calculate a standard
deviation of the time-of-flight data for the data points
(0,49 to calculate a threshold value based on a standard
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deviation of random time-of-flight data, and to selec-
tively perform signal processing on the data points by:

if 0,,,is less than the threshold value: generating a report
quantifying the part based on the amplitude data for the
data points, and storing the report in the memory, and

if 0,,,1s greater than the threshold value: updating the
memory to flag the scan as including noise.

16. The system of claim 15 wherein:

the time-of-flight data indicates time for a ultrasonic wave
at a surface of the part to reflect off of a back wall of
the part and return for detection;

the amplitude data indicates a magnitude of the ultrasonic
wave after reflecting off of the back wall and returning;
and

the controller is configured to determine that the ampli-
tude data corresponds to random noise if o,,,is greater
than the threshold value.

17. The system of claim 15 wherein:

the controller is configured to quantify a porosity of the
part based on the amplitude data, and to include the
porosity of the part in the report.

18. The system of claim 17 wherein:

the controller is configured to indicate that the part is out
of tolerance in response to the porosity being outside of
an acceptable range.

19. The system of claim 15 wherein:

the threshold value comprises a standard deviation of
random noise (o,) divided by a predefined constant.

20. The system of claim 19 wherein:

o, is calculated based on a sample size equal to the
number of data points used to calculate 0,0

® % % % %

Oct. 5, 2017



patsnap

TREMOF) HERERENESLHE

[F(2E)F US20170281137A1 [ (r&)B 2017-10-05

RiES US15/089737 RiEH 2016-04-04
FRIBE(FEFR)ACE) BEXT

BRiF(E R AR BERNT

LA REERRANAGE) KELHE

#RIZH A BINGHAM JILL PAISLEY

KBA BINGHAM, JILL PAISLEY

IPCH%E A61B8/08 A61B8/00

CPCH S A61B8/5269 A61B8/4483 A61B8/461 A61B8/54 G01S7/52026 GO1H3/10 GO1H7/00 GO1N29/048

GO01N29/069 G01N29/4445 G01N29/4463 GO1N29/449

S\EBEEE Espacenet USPTO

BEGR)
BUTAT BN A ABERERB I HARBENREN S, — e —
AHHIR—FRE  HAEBFRAEBNEME  FFEEFRAE s
BREBENEABHAROES WUBLBNES R, BHSHEEN —-WW I

BEBFREEBUNERES SRR RRBI L OB R CONTROLLER
RIBRER GTRESE | LUTEREN TN ARBENIERE, & @ ) ” 2

(otof ) , FIABERERILLS , WRotof NFHE , FEEHES ( g M SGNAL PROCESSING NI 120
HBUIR SFR B N SRS R tof AT BE.

=

142

136
140
S y

REFLECTED
ULTRASONIC
WAVE N

-



https://share-analytics.zhihuiya.com/view/c8b70bfe-c4cb-4800-8c44-6010fdd94c4c
https://worldwide.espacenet.com/patent/search/family/059958409/publication/US2017281137A1?q=US2017281137A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220170281137%22.PGNR.&OS=DN/20170281137&RS=DN/20170281137

