wO 2021/184034 A1 |0 00000 KA 00 O 0 0

(43) International Publication Date
16 September 2021 (16.09.2021)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(10) International Publication Number

WO 2021/184034 Al

WIPO I PCT

1)

@n

22)

@5
(26)
30)

(71)

(72)

(74)

@81)

International Patent Classification:
GO6T 7/00 (2017.01)

International Application Number:
PCT/US2021/070236

International Filing Date:
05 March 2021 (05.03.2021)

Filing Language: English
Publication Language: English
Priority Data:

16/816,533 12 March 2020 (12.03.2020) UsS

Applicant: RAYTHEON COMPANY [US/US], 870
Winter Street, Waltham, Massachusetts 02451-1449 (US).

Inventors: STONE, Kristen; 231 South Row Road,
Townsend, Massachusetts 01469 (US). DI CARLO,
Robert R. S.; 4 Valley Road, Boxford, Massachusetts
01921 (US).

Agent: DOYLE, David M. et al.; Munck Wilson Mandala,
LLP, 600 Banner Place Tower, 12770 Coit Road, Dallas,
Texas 75251 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,

84

HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,
KP, KR, KW,KZ, LA, LC,LK, LR, LS, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

Published:

with international search report (Art. 21(3))

(54) Title: MONITORING CONDITION OF DEBURRING MEDIA IN VIBRATION DEBURRING MACHINE

100
102 e
\.
Y
VIBRATION
DEBURRING MACHINE
103—\; ACTUATOR
TMAGING ANALYSIS NOTIFICATION
SYSTEM L, SYSTEM ||  SYSTEM
DEBURRING
VEDIA 110 112 114
106" 7
104
FiGg. 1

(57) Abstract: An apparatus includes at least one memory (610) configured to store at least one image (702) of multiple pieces of

deburring media (104) used in a vibration deburring machine (102). The apparatus also includes at least one processor (602) configured
to analyze the at least one image to determine a condition of each of the multiple pieces of deburring media and determine an overall
condition of the deburring media. The at least one processor is also configured to generate a graphical user interface (800) containing a
notification based on at least one of: the conditions of the multiple pieces of deburring media and the overall condition of the deburring
media.



5

10

15

20

25

30

35

WO 2021/184034 | PCT/US2021/070236

MONITORING CONDITION OF DEBURRING MEDIA IN VIBRATION DEBURRING MACHINE

TECHNICAL FIELD
[0001] This disclosure is generally directed to deburring systems. More specifically, this disclosure

is directed to monitoring the condition of deburring media in a vibration deburring machine.

BACKGROUND
[0002] Metal components and other components often carry burrs after machining operations or other
processing operations have been performed. The burrs represent small pieces or raised edges of material
that exist on the components after the processing operations have been completed. If the burrs are allowed
to remain on the components, the burrs can create various problems, such as injury to personnel, fraying of
wiring that rubs against the components, or creation of conductive or other damaging debris. Burrs can be
removed from a component during a “deburring” operation, which ideally smooths various surfaces of the

component and removes any burrs from the component.

SUMMARY

[0003] This disclosure relates to monitoring the condition of deburring media in a vibration deburring
machine.

[0004] In a first embodiment, an apparatus includes at least one memory configured to store at least
ong image of multiple pieces of deburring media used in a vibration deburring machine. The apparatus also
includes at least one processor configured to analyze the at least one image to determine a condition of each
of the multiple pieces of deburring media and determine an overall condition of the deburring media. The
at least one processor is also configured to generate a graphical user interface containing a notification
based on at least one of’ the conditions of the multiple pieces of deburring media and the overall condition
of the deburring media.

[0005] In a second embodiment, a method includes obtaining at least one image of multiple pieces of
deburring media used in a vibration deburring machine. The method also includes analyzing the at least one
image to determine a condition of each of the multiple pieces of deburring media and determining an overall
condition of the deburring media. In addition, the method includes generating a graphical user interface
containing a notification based on at least one of: the conditions of the multiple pieces of deburring media
and the overall condition of the deburring media.

[0006] In a third embodiment, a non-transitory computer readable medium contains instructions that
when executed cause at least one processor to obtain at least one image of multiple pieces of deburring
media used in a vibration deburring machine. The medium also contains instructions that when executed
cause the at least one processor to analyze the at least one image to determine a condition of each of the
multiple pieces of deburring media. The medium further contains instructions that when executed cause the

at least one processor to determine an overall condition of the deburring media. In addition, the medium
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contains instructions that when executed cause the at least one processor to generate a graphical user
interface containing a notification based on at least one of: the conditions of the multiple pieces of deburring
media and the overall condition of the deburring media.

[0007] Other technical features may be readily apparent to one skilled in the art from the following

figures, descriptions, and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] For a more complete understanding of this disclosure, reference is now made to the following
description, taken in conjunction with the accompanying drawings, in which:

[0009] FIGURE 1 illustrates an example system for monitoring the condition of deburring media in a
vibration deburring machine according to this disclosure;

[0010] FIGURE 2 illustrates an example vibration deburring machine according to this disclosure;

[0011] FIGURE 3 illustrates example deburring media used in a vibration deburring machine
according to this disclosure;

[0012] FIGURES 4 and 5 illustrate example imaging systems for use in monitoring the condition of
deburring media in a vibration deburring machine according to this disclosure;

[0013] FIGURE 6 illustrates an example analysis system for use in monitoring the condition of
deburring media in a vibration deburring machine according to this disclosure;

[0014] FIGURE 7 illustrates an example functional architecture for monitoring the condition of
deburring media in a vibration deburring machine according to this disclosure;

[0015] FIGURE 8 illustrates an example graphical user interface for outputting information
associated with monitoring the condition of deburring media in a vibration deburring machine according to
this disclosure; and

[0016] FIGURE 9 illustrates an example method for monitoring the condition of deburring media in

a vibration deburring machine according to this disclosure.

DETAILED DESCRIPTION

[0017] FIGURES 1 through 9, described below, and the various embodiments used to describe the
principles of the present invention in this patent document are by way of illustration only and should not be
construed in any way to limit the scope of the invention. Those skilled in the art will understand that the
principles of the present invention may be implemented in any type of suitably arranged device or system.

[0018] As noted above, metal components and other components often carry burrs after machining
operations or other processing operations have been performed, where the burrs represent small pieces or
raised edges of material that exist on the components after the processing operations have been completed.
Burrs can create various problems, so burrs are typically removed from a component during a “deburring”
operation that ideally smooths various surfaces of the component and removes any burrs from the

component. In one type of mechanical deburring operation, metal components or other components are
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placed into a bin or other container of a vibration deburring machine, where the container contains deburring
stones (sometimes referred to as deburring pebbles) or other deburring media and water. The container is
shaken or otherwise mechanically vibrated or moved using a motor or other actuator of the vibration
deburring machine, which causes the deburring media to (among other things) rub against any components
in the container. Given adequate time, this removes or substantially smooths any burrs on the components
in the vibration deburring machine.

[0019] Unfortunately, the deburring stones, deburring pebbles, or other deburring media often wear
down or “dull” over time, such as due to their physical contact with each other, the components being
deburred, and the container in which the deburring media are used. When the deburring media wear down,
it may take more time for a deburring operation to be completed successfully, or a deburring operation may
not be completed successfully at all. Often times, a user of a vibration deburring machine needs to manually
guess (based on results obtained for components being deburred) if additional deburring media need to be
added to the vibration deburring machine, but this is typically inefficient and can lead to waste. For instance,
adding additional deburring media too early to a vibration deburring machine may cause unnecessary wear
of the additional deburring media, resulting in increased usage of deburring media over time. Adding
additional deburring media too late to the vibration deburring machine may cause delays in deburring
operations, such as when deburring operations need to occur for longer periods of time in order to be
successfully completed.

[0020] This disclosure provides various techniques for monitoring the condition of deburring media
in a vibration deburring machine. As described in more detail below, one or more images of deburring
media from a vibration deburring machine are captured, and the one or more images are analyzed to estimate
the condition of the deburring media. Various approaches may be used to analyze the image(s) of the
deburring media, such as pattern recognition or machine learning. Ifthe estimated condition of the deburring
media indicates that an inadequate amount of suitable deburring media is being used by the vibration
deburring machine, one or more corrective actions can occur. As a particular example, if the analysis
determines that more than 25% of the deburring media has experienced at least some threshold amount of
wear, one or more corrective actions can be triggered. One example type of corrective action can include
generating an alarm or other notification, such as a notification that is presented within a graphical user
interface used to provide results of the image analysis to one or more users. Other or additional types of
corrective actions may also occur, such as initiating a maintenance task for personnel to add additional
deburring media to the vibration deburring machine or automatically adding additional deburring media to
the vibration deburring machine. Note that additional deburring media can be added to the vibration
deburring machine in different ways, such as by being mixed with the current deburring media used in the
vibration deburring machine or by replacing the current deburring media used in the vibration deburring
machine.

[0021] In this way, the deburring media used by a vibration deburring machine can be analyzed

repeatedly over time during operation of the vibration deburring machine, and determinations whether
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additional deburring media should be added to the vibration deburring machine can be made repeatedly
over time. Ideally, this can reduce or minimize the amount of deburring media used in the vibration
deburring machine over time while still maintaining desired operation of the vibration deburring machine.
Moreover, this approach can remove subjective manual determinations of the condition of the deburring
media currently being used in the vibration deburring machine when performing the analyses. This may be
particularly useful in situations where turnover among users of vibration deburring machines is high, since
knowledge is typically much harder to maintain in these types of situations.

[0022] FIGURE 1 illustrates an example system 100 for monitoring the condition of deburring media
in a vibration deburring machine according to this disclosure. As shown in FIGURE 1, the system 100
includes or is used in conjunction with at least one vibration deburring machine 102. As described above,
the vibration deburring machine 102 uses deburring media 104 to remove burrs from metal components or
other components. For example, the vibration deburring machine 102 may include a bin or other container
106 into which the deburring media 104 are placed, along with water and the metal components or other
components to be deburred. The container 106 is shaken or otherwise mechanically vibrated or moved using
at least one actuator 108 of the vibration deburring machine 102, which causes the deburring media 104 to
remove or substantially smooth any burrs on the components being processed.

[0023] The vibration deburring machine 102 includes any suitable structure configured to use
deburring media 104 to mechanically remove burrs from components being processed. The deburring media
104 includes any suitable media used to mechanically remove burrs from components being processed.
Example types of deburring media 104 include deburring stones or deburring pebbles, which may be formed
from abrasive materials like ceramic, aluminum oxide, or other suitable materials. The container 106
includes any suitable structure configured to hold deburring media 104 and components being processed.
The container 106 can have any suitable size, shape, and dimensions, and the container 106 can be used to
hold any suitable quantity of deburring media 104. The actuator 108 includes any suitable structure
configured to shake, vibrate, or otherwise move the container 106 in order to cause the deburring media
104 to rub against the components being processed in order to remove or substantially smooth burrs from
the components.

[0024] The system 100 includes at least one imaging system 110, at least one analysis system 112,
and at least one notification system 114. The imaging system 110 captures images of the deburring media
104 being used in the vibration deburring machine 102. For example, the imaging system 110 can capture
color or black-and-white images of a sample of the deburring stones, deburring pebbles, or other deburring
media 104 currently being used in the vibration deburring machine 102. The sample may represent a handful
or other sampling taken by a user of the deburring media 104 currently being used in the vibration deburring
machine 102. Each image may capture one or multiple pieces of deburring media 104, and multiple pieces
of deburring media 104 are imaged in the collection of one or more images being analyzed.

[0025] The imaging system 110 includes any suitable structure configured to capture images of

deburring media 104. The imaging system 110 may, for example, represent a camera and an associated
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illumination system, which may have a fixed or mobile position within a facility that includes one or more
instances of the vibration deburring machine 102. The imaging system 110 may also represent a mobile
smartphone, tablet computer, laptop computer, digital camera, smart glasses, or other portable device
carried by a user, such as within a facility that includes one or more instances of the vibration deburring
machine 102. Note that these are examples only and that this disclosure is not limited to use with any
particular type or types of imaging systems. Also note that there may be any number of imaging systems
110 used within a given system 100 and that an imaging system 110 may be used with a single vibration
deburring machine 102 or with multiple vibration deburring machines 102.

[0026] The analysis system 112 receives and processes the images captured by the imaging system
110 in order to estimate the condition of the deburring media 104 currently used in at least one vibration
deburring machine 102. For example, the analysis system 112 may receive and pre-process the images
captured by the imaging system 110, such as to remove noise, correct for camera distortion, obtain a desired
exposure level in the images, or perform other image pre-processing operations. Note that the types of
image processing here can vary as needed or desired, or no pre-processing of the images may be needed.

[0027] The analysis system 112 analyzes the pre-processed images (or the original images) to estimate
the current condition of the deburring media 104 used in at least one vibration deburring machine 102. The
analysis system 112 may estimate the current condition of the deburring media 104 in any suitable manner,
such as by using a pattern recognition algorithm or a machine learning algorithm. For example, a pattern
recognition algorithm may be used to compare the sizes and shapes of current deburring media 104 in the
captured images to shapes of known good or known bad deburring media. As another example, a machine
learning algorithm may be used to process the sizes and shapes of current deburring media 104 in the
captured images based on a machine learning model, such as a neural network model, that has been trained
to distinguish between good and bad deburring media. As a particular example, the analysis system 112 can
obtain information identifying parameters of good deburring media, apply some tolerance(s) to the
parameters of the good deburring media in order to generate one or more thresholds, and apply the one or
more thresholds to images of the deburring media 104 in order to differentiate between good and bad
deburring media. The one or more thresholds used here can be used to distinguish deburring media 104 that
have experienced some threshold amount of wear from deburring media 104 that have not experienced
some threshold amount of wear.

[0028] The analysis system 112 can use the results of the pattern recognition, machine learning, or
other analysis operations to estimate the overall condition of the deburring media 104 currently being used
in the vibration deburring machine 102. For example, the analysis system 112 may estimate the percentage
of deburring media 104 in one or more captured images that are classified as good or bad deburring media
and determine the overall condition of the deburring media 104 based on that percentage. In some
embodiments, the overall condition may be expressed in various ways, such as good, bad, and intermediate.
For instance, a good overall condition may indicate that 85% or more of the deburring media 104 being

used in the vibration deburring machine 102 have not experienced some threshold amount of wear. A bad
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overall condition may indicate that 75% or less of the deburring media 104 being used in the vibration
deburring machine 102 have not experienced some threshold amount of wear. An intermediate overall
condition may indicate that 75% to 85% of the deburring media 104 being used in the vibration deburring
machine 102 have not experienced some threshold amount of wear. Of course, these percentages are for
illustration only and can vary as needed or desired. In some instances, these percentages or other
thresholding values may be established based on user preferences.

[0029] The analysis system 112 may optionally be further used to predict, at some point in the future,
what the condition of the deburring media 104 used in at least one vibration deburring machine 102 is likely
to be. The analysis system 112 may predict the future condition of the deburring media 104 in any suitable
manner, such as by tracking the progression of the condition of the deburring media 104 over time and
applying a prediction model to the tracked condition of the deburring media 104. Thus, in some approaches,
both pattern matching and machine learning may be used, such as when pattern matching is applied to
identify the current condition of the deburring media 104 and machine learning is used to predict (based on
the pattern matching results) the future condition of the deburring media 104. Of course, other approaches
can also be used, such as when machine learning is used to estimate both the current and future conditions
of the deburring media 104.

[0030] The analysis system 112 includes any suitable structure configured to analyze images of
deburring media 104, identify a condition of the deburring media 104, and optionally predict the future
condition of the deburring media 104. For example, the analysis system 112 may represent a computing
device, such as a desktop computer, laptop computer, server computer, tablet computer, or other computing
device that is configured to execute software instructions implementing the image processing and analysis
functionality of the analysis system 112. It should be noted here that while shown as forming part of the
system 100, the analysis system 112 may actually be located remote from the vibration deburring machine
102 and the imaging system 110. For instance, the analysis system 112 may be implemented in a remote
computing device or as part of a cloud computing environment, either of which may receive images from
the imaging system 110 and provide notifications or other outputs to the notification system 114.

[0031] The notification system 114 provides notifications or other outputs generated by the analysis
system 112 to one or more users. For example, the notification system 114 may represent a device that
displays a graphical user interface generated by the analysis system 112 to one or more users, where the
graphical user interface identifies results of an analysis performed by the analysis system 112. As a
particular example, the graphical user interface may present an image of the deburring media 104 as
captured by the imaging system 110 or as pre-processed by the analysis system 112, identify the number of
good and bad deburring media 104 identified in the image, and optionally identify an estimated time
remaining until the addition of additional deburring media 104 into the container 106 of the vibration
deburring machine 102 may be needed (or an indication that additional deburring media 104 should be

added into the container 106 of the vibration deburring machine 102 now). Of course, a graphical user
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interface may present any other or additional information associated with the analysis of deburring media
104 used, generated, or collected by the analysis system 112.

[0032] Other notifications or outputs may also be provided to one or more users or to one or more
devices or systems by the analysis system 112. For example, the analysis system 112 may generate an email
or text message identifying the results of an analysis, in which case the notification system 114 may include
or represent an email or text messaging application. As another example, the analysis system 112 may make
a prediction that additional deburring media 104 should be added to the container 106 of the vibration
deburring machine 102 now or at some point in the future, and the notification system 114 may include
status lights positioned on or near the vibration deburring machine 102 indicating whether additional
deburring media 104 should be added to the container 106 now, soon, or at some further point in time.

[0033] The notification system 114 includes any suitable structure configured to provide deburring
media analysis results or information based on the deburring media analysis results to one or more users.
As noted above, various types notifications may be provided to one or more users. Thus, the actual
implementation of the notification system 114 can vary as needed or desired.

[0034] Note that while the analysis system 112 and the notification system 114 are described above
as being used to generate notifications for users based on analysis results, other or additional corrective
actions can occur based on the analysis results. For example, the analysis system 112 or the notification
system 114 may generate a maintenance ticket or otherwise initiate a maintenance task identifying when
additional deburring media 104 should be added to the container 106 of the vibration deburring machine
102, such as now or at some specified point in the future. As another example, the analysis system 112 or
the notification system 114 may control an automated system that can automatically add additional
deburring media 104 to the container 106. In general, the analysis results generated by the analysis system
112 based on one or more images of deburring media 104 may be used in any suitable manner.

[0035] Although FIGURE 1 illustrates one example of a system 100 for monitoring the condition of
deburring media 104 in a vibration deburring machine 102, various changes may be made to FIGURE 1.
For example, various components shown in FIGURE 1 may be combined, further subdivided, replicated,
omitted, or placed in any other suitable arrangement and additional components may be added according to
particular needs. As a particular example, the notification system 114 may be integrated into or with the
analysis system 112, such as when the notification system 114 is a display device used to present graphical
user interfaces generated by the analysis system 112. Also, the system 100 may include any suitable number
of vibration deburring machines 102, imaging systems 110, analysis systems 112, and notification systems
114,

[0036] FIGURE 2 illustrates an example vibration deburring machine 102 according to this
disclosure. For ease of explanation, the vibration deburring machine 102 shown in FIGURE 2 is described
as being used in the system 100 of FIGURE 1. However, the vibration deburring machine 102 may be used
in any other suitable system that is configured to monitor the condition of deburring media 104, and the

system 100 of FIGURE 1 may use any other suitable vibration deburring machine.
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[0037] As shown in FIGURE 2, the vibration deburring machine 102 includes the container 106,
which in this example is implemented as an annular container. In other words, the container 106 forms an
annulus or donut shape around a central portion of the vibration deburring machine 102. The container 106
holds the deburring media 104 and one or more components 202 being processed. Water is typically added
to the container 106 in order to facilitate smoother rubbing of the deburring media 104 against the one or
more components 202 being processed and to help remove material that has been rubbed off the one or
more components 202. Note that while a specific type of component 202 is shown in FIGURE 2, this is for
illustration only. Any suitable components to be subjected to a deburring process may be placed in the
vibration deburring machine 102 of FIGURE 2. As a particular example, the components 202 may represent
metal components that undergo computer numerical controlled (CNC) milling operations.

[0038] The actuator 108 of the vibration deburring machine 102 can shake, vibrate, or otherwise move
the container 106 here in order to cause the deburring media 104 to rub against the one or more components
202. This helps to substantially or completely remove burrs from the one or more components 202 and
smooth surfaces of the one or more components 202. However, this also causes the deburring media 104 to
dull or wear down over time, such as due to contact with each other, with the components 202, and with the
container 106. As a result, the length of time needed to perform a deburring process can increase, or the
deburring process may not be completed successfully. Thus, the system 100 can be used here to estimate
the condition of the deburring media 104 in the vibration deburring machine 102 and possibly to predict the
future condition of the deburring media 104. The system 100 can output a graphical user interface or other
notification(s) identifying the condition or predicted condition or take other suitable action based on the
analysis of the deburring media 104.

[0039] This type of functionality may be useful in a number of applications or industries. For example,
various parties in the automotive and aerospace industries are routinely involved with the fabrication of
metal components or other components that can be subjected to deburring processes. As another example,
various parties in the defense industry are often involved with in-house fabrication of metal components or
other components for use in defense-related products, and these components can be subjected to deburring
processes. Note, however, that the functionality described in this patent document may be used by any
suitable party or parties in any suitable industry or industries in order to monitor and optionally predict the
condition of deburring media 104 used in deburring operations.

[0040] The ability to monitor the condition of deburring media 104 used in vibration deburring
machines 102 based on captured images may provide a cheaper alternative compared to retrofitting the
vibration deburring machines 102 with some type of “smart” sensing functionality. This can be particularly
useful in facilities that include a large number of legacy vibration deburring machines 102 that lack “smart”
features or other built-in sensing functionality. Moreover, the approaches described in this patent document
can support the ability to incorporate the condition of deburring media 104 into “smart factory” or other

digital automation control processes, which can provide various benefits such as reduced hardware costs.
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[0041] Although FIGURE 2 illustrates one example of a vibration deburring machine 102, various
changes may be made to FIGURE 2. For example, the container 106 of the vibration deburring machine
102 may have any other suitable size, shape, and dimensions. Also, the vibration deburring machine 102
may be used to process any other suitable components 202, and those components 202 may undergo any
type of machining or other processing operations that lead to the creation of burrs.

[0042] FIGURE 3 illustrates example deburring media 104 used in a vibration deburring machine 102
according to this disclosure. For ease of explanation, the deburring media 104 shown in FIGURE 3 is
described as being used in the vibration deburring machine 102 of FIGURE 2 within the system 100 of
FIGURE 1. However, the deburring media 104 may be used in any other suitable vibration deburring
machine and in any other suitable system, and the system 100 of FIGURE 1 or the vibration deburring
machine 102 of FIGURE 2 may use any other suitable deburring media.

[0043] As shown in FIGURE 3, a sample of deburring media 104 used in a vibration deburring
machine 102 has been placed on a tray 302. In some embodiments, each piece of deburring media 104 may
be shaped as a tetrahedron (triangular pyramid) or a cylinder prior to use. After being placed into use, the
deburring media 104 wears down and becomes more rounded or smooth in shape. As can be seen in the
example shown in FIGURE 3, for instance, some of the deburring media 104 still have sharper corners and
edges of their original tetrahedron shapes. Others of the deburring media 104 have rounded corners and
edges of their original tetrahedron shapes, indicating some wear to that deburring media 104. Still others of
the deburring media 104 have been worn down even more into shapes like blunted nosecones or rounded
cones.

[0044] Based on knowledge of the original shape or shapes of the deburring media 104 used in a
vibration deburring machine 102, one or more images of the deburring media 104 can be captured and
analyzed to estimate the current and/or future condition of the deburring media 104. For example, pattern
recognition or machine learning can be used to estimate how much of each piece of deburring media 104
has been wom down due to use, and a determination can be made whether additional deburring media 104
should be added to the vibration deburring machine 102 based on that determination. This may be based
on, for instance, a measure of the edge roundness and sharpness of the deburring media 104 in the image(s)
and a comparison of the measured edge roundness and sharpness to the edge roundness and sharpness of
unused deburring media. Note that one or more images of a single sample of deburring media 104 may be
used during an analysis, or multiple images of multiple samples of deburring media 104 may be used during
an analysis. Also, note again that adding additional deburring media 104 to a vibration deburring machine
102 may involve mixing the additional deburring media 104 with the current deburring media 104 in the
vibration deburring machine 102 or replacing the current deburring media 104 in the vibration deburring
machine 102 with the additional deburring media 104.

[0045] The sample of the deburring media 104 shown on the tray 302 in FIGURE 3 may be obtained
in any suitable manner. For example, an operator may use his or her hands or a tool to randomly extract the
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of deburring media 104 on the tray 302, and position the deburring media 104 on the tray for imaging. As
a particular example, the operator may ensure that each piece of deburring media 104 on the tray 302 is
separated from neighboring pieces so that an image can clearly capture the shape of each piece of deburring
media 104. Note, however, that other approaches may be used for capturing images of deburring media
104, which may or may not involve placing pieces of the deburring media 104 on a tray 302.

[0046] Although FIGURE 3 illustrates one example of deburring media 104 used in a vibration
deburring machine 102, various changes may be made to FIGURE 3. For example, while FIGURE 3
illustrates examples of the shapes and sizes of various pieces of deburring media 104, deburring media 104
can come in a wide variety of shapes and sizes. As a result, the deburring media 104 that are captured in
any given image may have various shapes and sizes and can vary widely.

[0047] FIGURES 4 and 5 illustrate example imaging systems 110 for use in monitoring the condition
of deburring media 104 in a vibration deburring machine 102 according to this disclosure. For ease of
explanation, the imaging systems 110 shown in FIGURES 4 and 5 are described as being used in the system
100 of FIGURE 1. However, the imaging systems 110 may be used in any other suitable system configured
to monitor the condition of deburring media 104, and the system 100 of FIGURE 1 may use any other
suitable imaging system.

[0048] As shown in FIGURE 4, the imaging system 110 in this example includes a camera 402 and
an illumination source 404, which are mounted on or otherwise connected to a frame 406. The camera 402
is configured to capture images of samples of deburring media 104 that are placed at a specified location
on a base 408 of the frame 406. For example, the camera 402 may capture color or black-and-white images
of the deburring media 104 placed on the base 408. The camera 402 includes any suitable imaging sensor
configured to capture images of deburring media 104, such as a charge-coupled device (CCD), a
complementary metal oxide semiconductor (CMOS) device, a charge injection device (CID), or other
digital camera. Note that in this example, the deburring media 104 may be carried by a tray or other structure
onto the base 408 of the frame 406, although this need not be the case.

[0049] The illumination source 404 is configured to generate light that illuminates the deburring
media 104 being imaged. Among other things, this may allow images having higher contrast or improved
image quality to be captured by the camera 402, such as when the deburring media 104 are lighter in color
and are placed against a darker tray 302 or other darker background (or vice versa). The illumination source
404 includes any suitable structure configured to generate illumination, such as one or more light emitting
diodes (LEDs).

[0050] In this example, the illumination source 404 is coupled to an intermediate support 410 of the
frame 406, which is located between a top support 412 of the frame 406 and the base 408 of the frame 406.
This allows the illumination source 404 to be positioned closer to the deburring media 104 and away from
the camera 402 while still providing illumination to the deburring media 104. However, the illumination
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support 412 of the frame 406 or around the deburring media 104 being imaged on the base 408 of the frame
406.

[0051] The frame 406 is used here to hold the camera 402 and illumination source 404 in suitable
positions for use in imaging the deburring media 104 placed on the base 408 of the frame 406. The frame
406 can have any suitable size, shape, and dimensions, at least some of which can depend (at least in part)
of the desired spacing between the camera 402 and the deburring media 104 being imaged. In some
embodiments, for example, the frame 406 may maintain the camera 402 at a distance of 30, 100, or 150
millimeters from the deburring media 104 being imaged, although other distances may be used. Also, the
frame 406 may be adjustable so that the camera 402 can be placed at different distances from the deburring
media 104 being imaged.

[0052] The frame 406 may be formed from any suitable material(s) and in any suitable manner. In
some embodiments, different portions of the frame 406 may be fabricated separately, such as by using
additive manufacturing. The different portions of the frame 406 may then be connected to one another, such
as by snapping different portions of the frame 406 together (similar to children’s blocks). Of course, the
frame 406 may be integrally formed or manufactured in any other suitable manner, and the form of the
frame 406 may vary based on the implementation. The camera 402 and the illumination source 404 may
cach be coupled to the frame 406 in any suitable manner, such as by using bolts, screws, or other connectors.

[0053] Images captured by the camera 402 may be provided to the analysis system 112 in any suitable
manner. For example, in some cases, the camera 402 may be configured to communicate with the analysis
system 112 over a wired or wireless communication channel. In other cases, the camera 402 may be
configured to store captured images on a portable storage device (such as a portable Flash drive or Secure
Digital card), and the portable storage device can be coupled to the analysis system 112 so that the captured
images can be retrieved. In general, any suitable technique may be used to transport captured images from
the camera 402 to the analysis system 112.

[0054] As shown in FIGURE 35, the imaging system 110 in this example includes a headset 502 worn
by a user. For example, the headset 502 may represent smart glasses, an augmented reality headset, or other
device worn on the head of a user. The headset 502 includes a camera that can be used to capture images
of samples of deburring media 104 used in at least one vibration deburring machine 102. In some
embodiments, the headset 502 may represent an augmented reality headset worn by a user in a smart factory,
where the augmented reality headset is used to obtain various data (including images of the deburring media
104) from a factory or other manufacturing environment.

[0055] Images captured by the headset 502 may be provided to the analysis system 112. For example,
the headset 502 may be configured to communicate with the analysis system 112 over a wireless
communication channel. Again, any suitable technique may be used to transport captured images from the
headset 502 to the analysis system 112. The headset 502 may also be configured to transmit or receive other
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headset 502 related to a manufacturing environment or information to be displayed by the headset 502 to a
user.

[0056] Although FIGURES 4 and 5 illustrate examples of imaging systems 110 for use in monitoring
the condition of deburring media 104 in a vibration deburring machine 102, various changes may be made
to FIGURES 4 and 5. For example, any other suitable imaging device or system may be used to capture
images of deburring media 104. Other example types of devices that may be used include mobile
smartphones, tablet computers, or laptop computers. This disclosure is not limited to use with any particular
type of imaging device or system.

[0057] FIGURE 6 illustrates an example analysis system 112 for use in monitoring the condition of
deburring media 104 in a vibration deburring machine 102 according to this disclosure. For ease of
explanation, the analysis system 112 shown in FIGURE 6 is described as being used in the system 100 of
FIGURE 1. However, the analysis system 112 may be used in any other suitable system configured to
monitor the condition of deburring media 104, and the system 100 of FIGURE 1 may use any other suitable
analysis system.

[0058] As shown in FIGURE 6, the analysis system 112 denotes a computing device or system that
includes at least one processing device 602, at least one storage device 604, at least one communications
unit 606, and at least one input/output (I/O) unit 608. The processing device 602 may execute instructions
that can be loaded into a memory 610. The processing device 602 includes any suitable number(s) and
type(s) of processors or other processing devices in any suitable arrangement. Example types of processing
devices 602 include one or more microprocessors, microcontrollers, digital signal processors (DSPs),
application specific integrated circuits (ASICs), field programmable gate arrays (FPGAs), or discrete
circuitry.

[0059] The memory 610 and a persistent storage 612 are examples of storage devices 604, which
represent any structure(s) capable of storing and facilitating retrieval of information (such as data, program
code, and/or other suitable information on a temporary or permanent basis). The memory 610 may represent
a random access memory or any other suitable volatile or non-volatile storage device(s). The persistent
storage 612 may contain one or more components or devices supporting longer-term storage of data, such
as a read only memory, hard drive, Flash memory, or optical disc.

[0060] The communications unit 606 supports communications with other systems or devices. For
example, the communications unit 606 can include a network interface card or a wireless transceiver
facilitating communications over a wired or wireless network. As a particular example, the communications
unit 606 may include at least one communication interface used to receive images of deburring media 104
to be processed by the analysis system 112, such as images from the camera 402 or the headset 502. The
communications unit 606 may support communications through any suitable physical or wircless
communication link(s).

[0061] The I/O unit 608 allows for input and output of data. For example, the I/0 unit 608 may provide

a connection for user input through a keyboard, mouse, keypad, touchscreen, or other suitable input device.
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The 1I/0 unit 608 may also send output to a display or other suitable output device. Note, however, that the
I/0 unit 608 may be omitted if the analysis system 112 does not require local I/0, such as when the analysis
system 112 represents a server or other device that can be accessed remotely.

[0062] In some embodiments, instructions may be executed by the processing device 602 to analyze
captured images of deburring media 104. For example, the instructions may be executed by the processing
device 602 to pre-process images of deburring media 104, perform pattern recognition or machine leaming
using the images of the deburring media 104, and generate graphical user interfaces or other outputs related
to the deburring media 104.

[0063] Although FIGURE 6 illustrates one example of an analysis system 112 for use in monitoring
the condition of deburring media 104 in a vibration deburring machine 102, various changes may be made
to FIGURE 6. For example, computing devices and systems come in a wide variety of configurations, and
FIGURE 6 does not limit this disclosure to any particular computing device or system.

[0064] FIGURE 7 illustrates an example functional architecture 700 for monitoring the condition of
deburring media 104 in a vibration deburring machine 102 according to this disclosure. For ease of
explanation, the functional architecture 700 shown in FIGURE 7 may be described as being implemented
or supported using one or more components in the system 100 of FIGURE 1, at least one of which may be
implemented as shown in FIGURE 6. However, the functional architecture 700 shown in FIGURE 7 may
be implemented or supported by any suitable device(s) and in any suitable system(s).

[0065] As shown in FIGURE 7, one or more images 702 of deburring media 104 are received, and
the functional architecture 700 operates to produce one or more deburring media classifications 704. The
deburring media classifications 704 generally include an identification of the condition of each piece of
deburring media 104 contained in the one or more images 702. For example, in some embodiments, the
deburring media classifications 704 may represent indicators of whether the pieces of deburring media 104
in the image(s) 702 are considered “good” or “bad,” such as when the good deburring media 104 have wear
less than a threshold amount and the bad deburring media 104 have wear more than the threshold amount.
The deburring media classifications 704 can be used by the analysis system 112 or other device or system
to support other functions. Examples of other functions can include estimating the percentage of good and
bad deburring media 104 currently used in a vibration deburring machine 102 or identifying if and when
additional deburring media 104 should be added to the vibration deburring machine 102. Another example
of the functions can include predicting when preventative maintenance or other maintenance should be
scheduled for the vibration deburring machine 102.

[0066] The images 702 here are processed using an automated optical inspection (AOI) model 706,
which generally represents the overall image processing and analysis functionality of the analysis system
112. For example, the AOI model 706 can subject the images 702 to any desired pre-processing operations,
such as to improve image quality or other characteristics of the images 702. The AOI model 706 may also
divide the images 702 into smaller sub-images, where each sub-image contains pixels that capture a single
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the functional architecture 700 in order to identify the classifications 704 for the individual pieces of
deburring media 104 and/or to obtain information that can be used to identify the classifications 704 for the
individual pieces of deburring media 104.

[0067] In this example, the AOI model 706 can interact with a pattern recognition process 708, which
can analyze the images or sub-images of the deburring media 104 (or information associated with the images
or sub-images of the deburring media 104) in order to compare the shapes and sizes of the deburring media
104 to shapes and sizes in a pattern recognition database 710. The shapes and sizes in the pattern recognition
database 710 can correspond to different deburring media, such as deburring media in known good or
known bad conditions (and possibly deburring media of different initial shapes and sizes in known good or
known bad conditions). The pattern recognition process 708 can compare the shapes and sizes of the
deburring media 104 currently being used in a vibration deburring machine 102 against the shapes and sizes
of known good or known bad deburring media in the pattern recognition database 710. The pattern
recognition process 708 can thereby determine whether each piece of deburring media 104 contained in the
images 702 is most similar to a known good piece or a known bad piece of deburring media 104, which
allows the pattern recognition process 708 to estimate the condition of each piece of deburring media 104
captured in the images 702.

[0068] Note that while “good” and “bad” arc used here and elsewhere to distinguish between
deburring media 104 that have not experienced excessive wear and deburring media 104 that have
experienced excessive wear, this sort of binary classification is for illustration only, and other embodiments
of the pattern recognition process 708 may be used. For instance, the pattern recognition process 708 may
classify each piece of deburring media 104 as good, intermediate, or bad, such as when the intermediate
classification indicates that wear on the piece of deburring media 104 exceeds a first threshold but not a
second threshold. In general, any number of categorics may be used in the classification of the deburring
media 104. Also note that the use of hard threshold values may not be needed since pattern recognition can
be used, meaning the pattern recognition process 708 may operate by comparing images of current
deburring media 104 to deburring media with known classifications in order to classify the current deburring
media 104 (without making any actual calculations of wear). Of course, the analysis system 112 may make
actual calculations of estimated wear and compare the resulting values to one or more hard threshold values
when analyzing the deburring media 104 in the images 702.

[0069] In this example, the AOI model 706 can also or alternatively interact with a machine learning
process 712, which can analyze the images or sub-images of the deburring media 104 (or information
associated with the images or sub-images of the deburring media 104) based on a predictive model 714.
The predictive model 714 is generally trained to distinguish between different types of deburring media
104, such as good and bad deburring media (or some non-binary classification of deburring media). For
example, the predictive model 714 can be trained by providing images of known good and known bad
deburring media and adjusting parameters of the predictive model 714 until the images of the known good
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the machine learning process 712 uses the predictive model 714 to classify the deburring media 104
contained in the images 702 (or the sub-images) in order to estimate the conditions of the different pieces
of deburring media 104 in the images 702.

[0070] In some embodiments, the machine leaming process 712 and the predictive model 714 may
also or alternatively be used to estimate the future condition of the deburring media 104 used in a vibration
deburring machine 102. For example, the machine learmning process 712 and the predictive model 714 may
identify timestamps when different images 702 of deburring media 104 from a vibration deburring machine
102 are analyzed over time in order to identify a trend of the overall condition of the deburring media 104.
The machine learing process 712 and the predictive model 714 may also identify how long the vibration
deburring machine 102 has actually been operating since the deburring media 104 was placed into the
vibration deburring machine 102. The machine learning process 712 and the predictive model 714 may
further identify various characteristics of components 202 that have been processed by the deburring media
104 currently in the vibration deburring machine 102, such as the components” sizes, weights, dimensions,
materials, and numbers of edges. This or other information may be used by the predictive model 714 to
identify when additional deburring media 104 may be needed in the vibration deburring machine 102, to
estimate when preventative maintenance should be scheduled for the vibration deburring machine 102, or
to identify other predictions related to the vibration deburring machine 102 or the deburring media 104.

[0071] The machine learning process 712 and the predictive model 714 may support any suitable
machine learning algorithm in the functional architecture 700. Example types of machine learning
algorithms that may be used here include neural networks, convolutional neural networks, decision trees,
and rules-based learning. In general, various machine learning algorithms are known in the art and more
are sure to be developed in the future, and this disclosure is not limited to any particular type of machine
learning algorithm. In fact, machine learning is not necessarily required in the functional architecture 700.

[0072] Note that while both the pattern recognition process 708/pattern recognition database 710 and
the machine learning process 712/predictive model 714 are shown in FIGURE 7, the functional architecture
700 may operate using only pattern recognition without machine learning or only machine learning without
pattern recognition. There is no requirement here that both types of analyses be performed in the functional
architecture 700. If both types of analyses are performed in the functional architecture 700, the results of
the analyses may be used in any suitable manner. For example, initial classifications based on pattern
recognition and machine learning may be determined for each piece of deburring media 104, and the initial
classifications may be averaged or otherwise combined to produce the classification 704 for each piece of
deburring media 104. As another example, the pattern recognition functionality may be used to estimate the
current classifications 704 of the deburring media 104, and the machine learning functionality may be used
to estimate the future condition of the deburring media 104 based on current and prior classifications 704
of the deburring media 104.

[0073] Although FIGURE 7 illustrates one example of a functional architecture 700 for monitoring
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to FIGURE 7. For example, components can be added, omitted, combined, further subdivided, replicated,
or placed in any other suitable configuration in the functional architecture 700 according to particular needs.
Also, the functionality for monitoring the condition of deburring media 104 in a vibration deburring
machine 102 may be used in any other suitable functional architecture.

[0074] FIGURE 8 illustrates an example graphical user interface 800 for outputting information
associated with monitoring the condition of deburring media 104 in a vibration deburring machine 102
according to this disclosure. For ease of explanation, the graphical user interface 800 shown in FIGURE 8
may be described as being generated by the analysis system 112 and presented via the notification system
114 in the system 100 of FIGURE 1. However, the graphical user interface 800 shown in FIGURE 8 may
be implemented or supported by any suitable device(s) and in any suitable system(s).

[0075] Asshown in FIGURE 8, the graphical user interface 800 is used to interact with a user in order
to obtain and provide information related to deburring media 104 used in at least one vibration deburring
machine 102. In this example, the graphical user interface 800 includes an image area 802, which can be
used to display an image of deburring media 104 as captured by an imaging system 110. The image arca
802 may initially be blank and may later be populated by an image after the image has been captured by the
imaging system 110 and selected by the user.

[0076] The graphical user interface 800 also includes various controls 804, which may be used by a
user to control the image in the image arca 802 that is selected for further processing. For example, some
controls 804 may allow the user to identify a specific imaging system 110 to be used to capture one or more
images of deburring media 104, and other controls 804 may be used to facilitate capture of the one or more
images by the specific imaging system 110. In some implementations, for example, the specific imaging
system 110 may capture a stream of images, and one or more of the controls 804 may allow the user to
scroll through the stream of images and select the desired image or images to be processed. This may allow,
for instance, multiple (and possibly numerous) samples of the deburring media 104 to be imaged in quick
succession, and a user may later view the captured images of the various samples in order to select the
image or images to be further analyzed. Note that the specific controls 804 used here can vary, such as
based on whether different imaging systems 110 may be selected or how image capture by the imaging
system(s) 110 can be controlled.

[0077] An information area 806 of the graphical user interface 800 provides information about the
specific imaging system 110 that was used to capture the image of deburring media 104 shown in the image
area 802 (if any). In this example, the information area 806 identifies the name, model number, Medium
Access Control (MAC) address, and Internet Protocol (IP) address of an imaging system 110. Of course,
any other or additional information about an imaging system 110 may be presented here.

[0078] Further, the graphical user interface 800 includes a window 808 in which (among other things)
the results of an analysis of the image in the image area 802 can be presented to a user. In this particular
example, the user can actually select various tabs to view different information in the window 808, and the

“results” tab is selected in FIGURE 8. As shown here, the results of the image analysis are placed in a table



10

15

20

25

30

35

WO 2021/184034 17 PCT/US2021/070236

format. More specifically, the table of results includes various rows, where each row includes a label 810
associated with a specific result, a value 812 associated with the result, and a type description 814 associated
with the result. Of course, the results of an analysis can be expressed in any other suitable format, and the
results of the analysis may include any other or additional information associated with the analysis.

[0079] As can be seen here, two rows in the table identify the number of good pieces of deburring
media 104 identified in the captured image and the number of bad pieces of deburring media 104 identified
in the captured image. In this particular example, the captured image includes four pieces of deburring
media 104, and the table of results identifies all four pieces of deburring media 104 as being bad. The bad
pieces of deburring media 104 may be identified, for example, based on the wear of their edges or corers
and/or the overall sizes of the deburring media 104. A third row here identifies a ratio of the number of bad
pieces of deburring media 104 to the total number of picces of deburring media 104. In this type of
embodiment, the overall condition of the deburring media 104 may be based at least partially on the ratio
of bad to total deburring media 104. The specific type descriptions 814 used here include “blobs™ (which
refer to pieces of deburring media 104 identified in the captured image) and “math” (which refers to a ratio
or other mathematical calculation). Of course, these contents are for illustration only and can change as
needed or desired.

[0080] As can be seen in FIGURE 8, the third row also includes a warning or other notification that
the ratio of bad to total deburring media 104 is excessive, such as when the ratio is higher than some
specified threshold. This notification can inform a user that additional testing of the deburring media 104
may be needed or that additional deburring media 104 should be added to the vibration deburring machine
102. As noted above, a number of corrective actions can occur based on the analysis results. In some
embodiments, a specified number of analysis results may need to indicate that a problem exists before
corrective action actually occurs, which can help to avoid corrective action from occurring in response to a
single or limited number of negative analysis results.

[0081] In addition, the graphical user interface 800 provides analysis information 816, which provides
general information about the particular analysis that was performed to produce the displayed results. For
example, the analysis information 816 may identify a rate value, which identifies the position of the
currently-displayed analysis in a stream of analyses performed for a vibration deburring machine 102. The
analysis information 816 may also identify a length of time required for the currently-displayed analysis.
Once again, these contents are for illustration only and can change as needed or desired.

[0082] The graphical user interface 800 here provides an effective interface for monitoring the
condition of deburring media 104 in at least one vibration deburring machine 102. For example, the
graphical user interface 800 allows a user to control the imaging system(s) 110 used to capture image(s) of
deburring media 104, to control the capture of the image(s) of the deburring media 104, and to review the
results of one or multiple analyses of the image(s) of the deburring media 104. The user is also able to view

any notifications related to the results of the analysis or analyses of the deburring media 104.
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[0083] Although FIGURE 8 illustrates one example of a graphical user interface 800 for outputting
information associated with monitoring the condition of deburring media 104 in a vibration deburring
machine 102, various changes may be made to FIGURE 8. For example, the contents, layout, and
arrangement of the graphical user interface 800 can vary as needed or desired. In general, graphical user
interfaces are highly customizable and can be used to present information to and receive inputs from one or
more users in any number of ways.

[0084] FIGURE 9 illustrates an example method 900 for monitoring the condition of deburring media
104 in a vibration deburring machine 102 according to this disclosure. For ease of explanation, the method
900 shown in FIGURE 9 may be described as being implemented or supported using various components
in the system 100 of FIGURE 1, at least one of which may be implemented as shown in FIGURE 6 and
which may support the functional architecture 700 of FIGURE 7. However, the method 900 shown in
FIGURE 9 may be implemented or supported by any suitable device(s) and in any suitable system(s) with
any suitable functional architecture.

[0085] As shown in FIGURE 9, one or more images of deburring media used in a vibration deburring
machine are captured at step 902. This may include, for example, the imaging system 110 capturing one or
more color or black-and-white images 702 of at least one sample of deburring media 104 taken from a
vibration deburring machine 102. The one or more captured images may optionally be pre-processed at step
904. This may include, for example, the imaging system 110 or analysis system 112 pre-processing the
captured image(s) 702 to adjust their exposure, remove noise, or otherwise improve their image quality.

[0086] The one or more images are processed to identify the condition of the deburring media
captured in the image(s) at step 906. This may include, for example, the analysis system 112 performing
the pattern recognition process 708 and/or the machine learning process 712 to analyze the size and shape
of each piece of deburring media 104 captured in the image(s) 702. As particular examples, this may include
the analysis system 112 performing the pattern recognition process 708 to determine whether each piece of
deburring media 104 captured in the image(s) 702 is more similar to known good or known bad pieces of
deburring media and/or performing the machine learning process 712 to classify each piece of deburring
media 104 captured in the image(s) 702 as a good or bad piece of deburring media. This may further include
the analysis system 112 identifying the overall condition of the deburring media 104 or at least the deburring
media 104 captured in the image(s) 702, such as by calculating one or more ratios or otherwise combining
the individual conditions of the individual pieces of deburring media 104.

[0087] The condition(s) of the deburring media can be compared to at least one threshold at step 908,
and at least one notification can be generated based on the comparison or the condition(s) of the deburring
media at step 910. This may include, for example, the analysis system 112 generating a graphical user
interface 800, which can be presented by the notification system 114, In some embodiments, the graphical
user interface 800 can identify the number of good and bad pieces of deburring media 104 identified in at
least one image 702, along with any relevant ratio(s) and any notification(s) based on the ratio(s).

Optionally, one or more predictions related to the deburring media 104 or the vibration deburring machine
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102 may also be made here, such as a prediction of the future condition of the deburring media 104 or a
prediction of future maintenance for the vibration deburring machine 102. The prediction or predictions
may also be presented using a graphical user interface, along with any notification(s) associated with the
prediction(s).

[0088] If necessary, additional corrective action can be taken at step 912. This may include, for
example, a user deciding to add additional deburring media 104 to the vibration deburring machine 102 or
maintenance personnel deciding to perform or schedule maintenance for the vibration deburring machine
102. In general, the results of the analysis of the deburring media 104 can be used in any suitable manner.

[0089] Although FIGURE 9 illustrates one example of a method 900 for monitoring the condition of
deburring media 104 in a vibration deburring machine 102, various changes may be made to FIGURE 9.
For example, while shown as a series of steps, various steps in FIGURE 9 may overlap, occur in parallel,
occur in a different order, or occur any number of times. As a particular example, multiple analyses may
occur and negative results may be obtained before any additional corrective action is taken.

[0090] In some embodiments, various functions described in this patent document are implemented
or supported by a computer program that is formed from computer readable program code and that is
embodied in a computer readable medium. The phrase “computer readable program code™ includes any
type of computer code, including source code, object code, and executable code. The phrase “computer
readable medium” includes any type of medium capable of being accessed by a computer, such as read only
memory (ROM), random access memory (RAM), a hard disk drive (HDD), a compact disc (CD), a digital
video disc (DVD), or any other type of memory. A “non-transitory” computer readable medium excludes
wired, wireless, optical, or other communication links that transport transitory electrical or other signals. A
non-transitory computer readable medium includes media where data can be permanently stored and media
where data can be stored and later overwritten, such as a rewritable optical disc or an erasable storage
device.

[0091] It may be advantageous to set forth definitions of certain words and phrases used throughout
this patent document. The terms “application” and “program™ refer to one or more computer programs,
software components, sets of instructions, procedures, functions, objects, classes, instances, related data, or
a portion thereof adapted for implementation in a suitable computer code (including source code, object
code, or executable code). The term “communicate,” as well as derivatives thereof, encompasses both direct
and indirect communication. The terms “include” and “comprise,” as well as derivatives thereof, mean
inclusion without limitation. The term “or” is inclusive, meaning and/or. The phrase “associated with,” as
well as derivatives thercof, may mean to include, be included within, interconnect with, contain, be
contained within, connect to or with, couple to or with, be communicable with, cooperate with, interleave,
Juxtapose, be proximate to, be bound to or with, have, have a property of, have a relationship to or with, or
the like. The phrase “at least one of,” when used with a list of items, means that different combinations of

one or more of the listed items may be used, and only one item in the list may be needed. For example, “at
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least one of: A, B, and C” includes any of the following combinations: A, B, C, A and B, A and C, B and
C,and A and B and C.

[0092] The description in the present application should not be read as implying that any particular
element, step, or function is an essential or critical element that must be included in the claim scope. The
scope of patented subject matter is defined only by the allowed claims. Moreover, none of the claims
invokes 35 U.S.C. § 112(f) with respect to any of the appended claims or claim elements unless the exact

words “means for” or “step for” are explicitly used in the particular claim, followed by a participle phrase

23 ¢

module,” “device,

identifying a function. Use of terms such as (but not limited to) “mechanism, 7 “unit,”

93 <c 23 <c 93 <¢ 93 <C

machine,

23 <¢ 93 <C

“component,” “element,” “member,” “apparatus, system,” “processor,” or “controller” within
a claim is understood and intended to refer to structures known to those skilled in the relevant art, as further

modified or enhanced by the features of the claims themselves, and is not intended to invoke 35 U.S.C. §
112(6).

[0093] While this disclosure has described certain embodiments and generally associated methods,
alterations and permutations of these embodiments and methods will be apparent to those skilled in the art.
Accordingly, the above description of example embodiments does not define or constrain this disclosure.
Other changes, substitutions, and alterations are also possible without departing from the spirit and scope

of this disclosure, as defined by the following claims.
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WHAT IS CLAIMED IS:
1. An apparatus comprising:
at least one memory configured to store at least one image of multiple pieces of deburring media
used in a vibration deburring machine; and
at least one processor configured to:
analyze the at least one image to determine a condition of each of the multiple pieces of
deburring media;
determine an overall condition of the deburring media; and
generate a graphical user interface containing a notification based on at least one of: the

conditions of the multiple pieces of deburring media and the overall condition of the deburring media.

2. The apparatus of Claim 1, wherein, to analyze the at least one image to determine the
condition of each of the multiple pieces of deburring media, the at least one processor is configured to:

perform pattern recognition to compare shapes and sizes of the multiple pieces of deburring media
to shapes and sizes of deburring media having known conditions; and

determine which of the deburring media having a specific known condition is most similar to each

of the multiple pieces of deburring media.

3. The apparatus of Claim 1, wherein, to analyze the at least one image to determine the
condition of each of the multiple pieces of deburring media, the at least one processor is configured to use
a trained machine learning model to classify each of the multiple pieces of deburring media as having a

specific condition.

4, The apparatus of Claim 1, wherein, to determine the overall condition of the deburring
media, the at least one processor is configured to determine one or more ratios based on at least one of: a
number of pieces of deburring media having a first condition, a number of pieces of deburring media having

a second condition different than the first condition, and a total number of pieces of deburring media.

5. The apparatus of Claim 1, wherein the graphical user interface comprises:

the at least one image of the multiple pieces of deburring media;

multiple controls configured to receive user input in order to identify the at least one image to be
analyzed; and

results of analyzing the at least one image, the results including the conditions of the multiple pieces

of deburring media, the overall condition of the deburring media, and the notification.
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6. The apparatus of Claim 1, wherein the at least one processor is further configured to predict
at least one of:
a future overall condition of the deburring media in the vibration deburring machine;

a time at which additional deburring media should be added to the vibration deburring machine;

and

a time when preventative maintenance should occur for the vibration deburring machine.

7. The apparatus of Claim 1, further comprising:

an interface configured to receive the at least one image from a fixed or portable imaging system.

8. A method comprising:

obtaining at least one image of multiple pieces of deburring media used in a vibration deburring
machine;

analyzing the at least one image to determine a condition of each of the multiple pieces of deburring
media;

determining an overall condition of the deburring media; and
generating a graphical user interface containing a notification based on at least one of: the

conditions of the multiple pieces of deburring media and the overall condition of the deburring media.

9. The method of Claim 8, wherein analyzing the at least one image to determine the condition
of each of the multiple pieces of deburring media comprises:

performing pattern recognition to compare shapes and sizes of the multiple pieces of deburring
media to shapes and sizes of deburring media having known conditions; and

determining which of the deburring media having a specific known condition is most similar to

cach of the multiple pieces of deburring media.

10. The method of Claim 8, wherein analyzing the at least one image to determine the condition
of each of the multiple pieces of deburring media comprises:
using a trained machine learning model to classify each of the multiple pieces of deburring media

as having a specific condition.

11. The method of Claim 8, wherein determining the overall condition of the deburring media
comprises:

determining one or more ratios based on at least one of: a number of pieces of deburring media
having a first condition, a number of pieces of deburring media having a second condition different than

the first condition, and a total number of pieces of deburring media.
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12. The method of Claim 8, wherein the graphical user interface comprises:

the at least one image of the multiple pieces of deburring media;

multiple controls configured to receive user input in order to identify the at least one image to be
analyzed; and

results of analyzing the at least one image, the results including the conditions of the multiple pieces

of deburring media, the overall condition of the deburring media, and the notification.

13. The method of Claim 8, further comprising:
predicting at least one of:
a future overall condition of the deburring media in the vibration deburring machine;
a time at which additional deburring media should be added to the vibration deburring
machine; and

a time when preventative maintenance should occur for the vibration deburring machine.

14. The method of Claim 8, further comprising:

receiving the at least one image from a fixed or portable imaging system.

15. A non-transitory computer readable medium containing instructions that when executed
cause at least one processor to:

obtain at least one image of multiple pieces of deburring media used in a vibration deburring
machine;

analyze the at least one image to determine a condition of each of the multiple pieces of deburring
media;

determine an overall condition of the deburring media; and

generate a graphical user interface containing a notification based on at least one of: the conditions

of the multiple pieces of deburring media and the overall condition of the deburring media.

16. The non-transitory computer readable medium of Claim 15, wherein the instructions that
cause the at least one processor to analyze the at least one image to determine the condition of each of the
multiple pieces of deburring media comprise:

instructions that when executed cause the at least one processor to:

perform pattern recognition to compare shapes and sizes of the multiple pieces of deburring
media to shapes and sizes of deburring media having known conditions; and
determine which of the deburring media having a specific known condition is most similar

to each of the multiple pieces of deburring media.
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17. The non-transitory computer readable medium of Claim 15, wherein the instructions that
cause the at least one processor to analyze the at least one image to determine the condition of each of the
multiple pieces of deburring media comprise:

instructions that when executed cause the at least one processor to use a trained machine learning

model to classify each of the multiple pieces of deburring media as having a specific condition.

18. The non-transitory computer readable medium of Claim 15, wherein the instructions that
cause the at least one processor to determine the overall condition of the deburring media comprise:

instructions that when executed cause the at least one processor to determine one or more ratios
based on at least one of: a number of pieces of deburring media having a first condition, a number of pieces
of deburring media having a second condition different than the first condition, and a total number of pieces

of deburring media.

19. The non-transitory computer readable medium of Claim 15, wherein the graphical user
interface comprises:

the at least one image of the multiple pieces of deburring media;

multiple controls configured to receive user input in order to identify the at least one image to be
analyzed; and

results of analyzing the at least one image, the results including the conditions of the multiple pieces

of deburring media, the overall condition of the deburring media, and the notification.

20. The non-transitory computer readable medium of Claim 15, further containing instructions
that when executed cause the at least one processor to predict at least one of:

a future overall condition of the deburring media in the vibration deburring machine;

a time at which additional deburring media should be added to the vibration deburring machine;
and

a time when preventative maintenance should occur for the vibration deburring machine.
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