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(57) Abstract: A method and system for forming a packaged product (100) and ensuring that the packaged product (100) is ad-
equately filled. In one aspect, the method includes forming a product (101); introducing the product (101) into a package (103),
thereby forming a packaged product (100); obtaining an x-ray image (201) of the packaged product (100); analyzing the x-ray image
(201) utilizing a processor (118) to identify whether bounded contours (200) exist in the x-ray image (201) for each of the bounded
contours (200), the processor (118) determining whether the bounded contour (200) is a threshold defect based at least in part on
bounded area (208) of the bounded contour (200) for each of the threshold defects, the processor (118) classifying the threshold de-
fect as one of a plurality of pre- determined defect types; and determining a source of at least one of the threshold defects in the
packaged product (100) based at least in part on the classitication of the at least one of the threshold defects.
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FOOD PROCESSING METHOD AND SYSTEM

BACKGROUND

{0001} Conswner perception of product guality greatly influences purchasing decisions. Quality
control is therefore an important aspect of industrial mannfacturing processes. The testing of
high-vohsme consumer products such as foodstufty poses particular challenges. Such prodocts
ave generally produced using continuous manufacturing processes at high speed. For exanple, a
pet food cammng operation might prodoce 800 to 900 cans per nnute.

{8002} One approach to quality control is w0 take samples from a batch of products and subject
the samples 1o off-line testing, using statistical analysis fo estimate the rate of ocourrence of
defects in the batch. Although this provides an estimate of product guality, the sampling process
15 destructive and it is not feasible to test each unit of product. Thas, methods reliant upon
samphing do not completely eliminate the risk of vnacceptable products entering the supply
chain.

0003} It is desirable to provide awtomated, continunous monitoring of product quality. Various
techniques for achieving this have been proposed.  An important example is the use of x-ray
mspection. In this method, a system takes x-ray tmages of packaged products. Foreign bodies,
such as metal, glass or bone, appear in the x-ray image as dark regions. These dark regions may
be detected using image processing software and those conmtaining foreign bodies may be
removed astomatically from the production line. The image processing generally involves
analysis of pixel contrast.  Calibration of the x-ray imaging system is therefore of critical
mmportance i these existing methods.

j0004] There remaing g need 1n the art for improved methods for detecting consumer-relevant

defects i packaged products, incloding ensuring that packaged products are adequately filled.
BRIEF SUMMARY

{0005 Exemplary embodiments according to the present disclosure are directed to a method and
system for forming a packaged product and ensuring that the packaged product is adequately
filled. In one aspect, the method includes: {a) forming a product; (b} introducing the product into
a package, thereby forming g packaged product; {¢} obtaiming an x-ray image of the packaged

product ufthizing an x-ray apparatus; {d) analyzing the x-ray image unlizing 8 processor o
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identity whether bounded contours exist m the x~-ray image; (&) for each of the bounded contours
identified i step {(d), the processor determining whether the bounded contour is a threshold
detfect based at least in part on bounded area of the bounded contour; {f) for each of the threshold
defects identified in step (e), the processor classifving the threshold defect as one of a pluralny
of pre~deternmned defect types; and {g) determining a source of at least one of the threshold
defects in the packaged product based at least in part on the classification of the at least one of
the threshold defects.

0006} In another aspect, the mvention can be a system for forming packaged products, the
system mcluding a prodoct formation subsystem configared to form a gel or paste product; a
filling subsystem configured fo dispense the product into packages to form packaged products;
an x-rav apparatus configured to generate an x-ray image of gach of the packaged products; a
memory device configured to store a plurality of pre~-deternuned defect types: and a processor
operably coupled to the x-ray apparatus and the memory device, the processor configured to) (1)
analyze the x-ray images to determine whether bounded contours exist in the x-ray images; (2}
for each of the bounded contours, determine whether the bounded contour is a threshold defect
based at least in part on the bounded arca of the bounded contour; and (3} for each of the
threshold defects, classify the threshold defect as one of a plurality of pre-determined defect
types.

{0007} In another aspect, the invention can be a method for ensuring a packaged product is
adequately filled, the method mcluding: (8) generating an x-ray image of the packaged product;
{b} detecting at least one bounded contour in the image; () for each bounded contowr detected in
step (b, {1) determining a bounded areg and (if) identifying whether the bounded contour is a
threshold defect based the bounded area; (d) for each of the threshold defects identified n step
{€), (1) calculating a severity score based on the bounded area and (11} classifying the thresheld
defect as one of a plurality of pre-determined defect types; and (o) rejecting the packaged
product based on the severity score and the classified defect type.

[0008] In another aspect, the invention can be a system for ensuring packaged products are
adequately filled, the system incloding: an x-ray apparatus configured to generate an x-ray image
of a packaged product in a processing svsteny; a memory device configared to store a plurality of
pre-determined defect types; a rejection mechanism configured to remove the packaged prodact

from the processing system; a processor operably coupled to the x-ray apparatus, the memaory

]
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device, and the rejection mechanism, the processor configured to: detect at least one bounded
contour in the image; for each of the bounded contours, (1) determine a bounded area and (11)
identify whether the bounded contour is a threshold defect based the bounded area; for each of
the identified threshold defects, (1) calculate a severity score based on the bounded area and (1)
classify the threshold defect as one of a pheality of pre-determined defect types; and send an
mstruction to the rejection mechanism to remove the packaged product from the processing
system, the instruction based on the severity score and the classified defect type.

{0009} Further areas of applicability of the present mvention will become apparent from the
detatled description provided heremafter. It should be understood that the detailed description
and specific examples, while indicating the preferred embodiment of the invention, are intended

for purposes of tHlustration only and are not intended to limut the scope of the mvention,
BRIEF DESCRIPTION OF THE DRAWINGS

{0010} The present invention will become more fully understood from the detailed description
and the accompanying drawings, wherein;

{0011} Figwe 1 is a block diagram of a system for forming packaged products i accordance
with an embodiment of the present invention.

[0012] Figure 2A is an x-ray image in which a spin hole s present in accordance with an
embodiment of the present mvention.

j0013] Figwre 2B 18 an x-tay image in which an air cell 1s present in accordance with an
embodiment of the present invention.

{0014} Figure 2C is an x-ray image in which a side void is present in accordance with an
embodiment of the present invention.

jO015] Figure 3 is g diagram of a contour analysis in accordance with an embodiment of the
present mvention.

{0016} Figwe 4 is a flow chart for a process for determining whether to reject a given packaged

product in accordance with an embodiment of the present imvention.
DETAILED DESCRIPTION

[0017{ The following descniption of the preferred embodiment(s) is merely exemplary in nature

and s in no way mtended to Hinut the invention, its application, or uses.

el
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{0018} The descripion of illustrative embodiments according to principles of the present
mvention is intended to be read in connection with the accompanying drawings, which are to be
considered part of the entire written description. In the description of embodiments of the
invention disclosed herein, anyv reference to direction or oriemtation is merely intended for
convenence of description and s not intended in any way to limit the scope of the present

» (—\;i

mvention. Relative terms such as “lower,” “upper,” “horizontal,” “vertical,” “above,” “below.”

%

up,” “down,” “top” and “bottom” as well as derivatives thereof {e.g.. “horizontally,”

T QE

“downwardly,” “upwardly,” etc.) should be construed to refer to the orientation as then described
or as shown mn the drawing under discussion. These relative terms are for convenience of
description only and do not require that the apparatus be constructed or operated in a particular

orientation  unless explicitly indicated as such.  Terms such as “attached,” “affixed”

ue wes

“connected,” “coupled,” “interconnected,” and similar refer to a relationship wheremn structures
are secured or attached to one another either directly or tndirectly through intervening structures,
as well as both movable or ngid attachments or relationships, onless expressly described
otherwise. Moreover, the features and benefits of the invention are Hustrated by reference to the
exemplified embodiments. Accordingly, the invention expressly should not be limited to such
exemplary embodiments ilustrating some possible non-limiting combmation of features that
may exist alone or in other combinations of {features; the scope of the invention being defined by
the claims appended hereto.

{8019] As used throughout, ranges are used as shorthand for describing each and every value
that s within the range. Any value within the range can be selected as the termunus of the range.
In gddition, all references cited herein are hereby incorporated by reterence in their entiveties. In
the event of a conflict in a definition in the present disclosure and that of a cited reference, the
present disclosure controls.

{6020] Referning now to Figure 1, a system for forming packaged products 100 is shown. In the
exemplified embodiment, the system inspects packaged products 100 and detects defects such as
voids in the product 101, As will be discussed below, voids can be caused by a number of
factors, ncluding phase sepavation, the ingredients used. the rate of mixture, the resulting
viscosity, and the flow rate at which the product 101 is dispensed in its package 103,

00211 Products 101 formed from a paste or gel are inclined to develop voids. A paste 8 a

suspension of a solid material m a fluid. Pastes can behave as solids or liquids depending on
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factors such as the nuxture and the applied stress. These properties can cause plase separation
during processing. The formation of gel generally involves the gelling of a higuid precursorn a
container. In industrial manufacture, factors such as the flow rate at which the gel s dispensed
and the movement of the packaged product 100 can lead to the formation of voids.

{0022} The system of Figure 1 includes a product formation subsystem 104, In the exemplified
embodiment, the product 101 formed is a loaf-tvpe pet food. Such a pet food may comprise, by
non-limiting example, a comminuted meat product suspended in a gelatinous matrix, ¢.g., a
gelatinized starch. In other embodiments, the product formation subsystem 104 can form other
products 101 capable of forming voids. The product 101 formed may be an oral care
composition such as toothpaste or a tooth gel, or & human food product such as a potted meat
product, or a personal care composition or cosmetic such as a cream.

{0023} In the exemplified embodiment, the product formation sabsystem 104 includes an
tngredient supply apparatus configured to supply a plurshity of ingredients. The product
formation subsystem 104 also mcludes a mixer configured to mix the supplied mgredients. The
resulting product 101 of the product formation subsystem 104 has a viscosity.

{0024 In the exemplified embodiment, the formed product 101 is transferred from the product
formation subsvstem 104 to a filling subsystem 106, The filling subsystem 106 is configured o
dispense the prodact 101 into packages 103 at a given flow rate and thereby form packaged
products 100, The packaged products 100 can be transferred by a conveyor system 102 to a
package enclosing subsystem 108 where the package 103 15 enclosed with the product 101
therein.

{0025] In the exemplified embodiment, the convevor system 102 18 a conveyor belt configured to
transport the packaged product 100 in direction D from the filling subsystem 106 to the package
enclosing subsystem 108, from the package enclosing subsystem 108 to the retort subsystem
110, and from the retort subsystem 110 to the x-ray apparatus 112, In other embodiments, the
conveyor system 102 can be any means of wansferring the packaged product 100 from one
location to another, including non-mechanical means.

[0026] The package 101 can be any container suitable for holding a product 101, mcluding a
can, tube, or pouch. In the exemplified embodiment, the package 103 i a metal can for

contaming pet food, and the enclosure of the package 103 forms an air-tight cavity. In other

¥
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embodiments, the package 103 can be formed from a different material andior be only partially
enclosed.

0027} In the exemplified ambodiment, the packaged product 100 1§ next transferred to a retort
subsystem 110, The retort subsvstem 110 s configured fo heat or cook the packaged product
100 to sterilize the product 101 and prevent mucrobnal spoilage.  In other embodiments,
particularly in a svstem for forming non-food prodocts 101, the retort subsystem 110 may be
onitted.

{0028 After the retort subsystem 110, the packaged product 100 of the exemplified embodimnent
1s transferred to an x-tay apparatus 112, Xeray imaging allows for the rapid, non-destructive
mspection of packaged products 100, The x-ray apparatus 112 is configured to generate an x-
ray unage 201 of each of the packaged products 100, Such an image 201 can be generated by
divecting radiation towards the packaged product 100, and detecting at least a portion of the
radiation directed toward the packaged product 100, Xeray imaging systems typically include an
x-ray soorce and an g-ray detector. Generally, the x-ray source will be m the form of an x-ray
tube. Other x-ray sources, such as a synchrotron light source, could be used. The x-ray detector
may be, for example, a divect senuconductor detector or a scintitlation counter.  Other x-ray
detectors include photographic plates and photostimulable phosphors.

j0029] Materials having different densities will absorb x-rays to a greater or lesser extent. This

ges 201, Voids will

allows the presence of voids and defects to be identified using x-ray nna
absorb x-rays to a lesser extent than the prodoct 101, and will appear as bright regions in x-ray
tnages 201, Further, different phases will bave different densities and will be distingusshable
from one another. Foreign bodies such as bones or metal fragments are alse detectable,
appearing as dark regions.

[0030] After generating an x-ray mmage 201 of the packaged product 100, the x-ray apparatus
112 of the exemphfied embodiment transfers data associated with the x-ray tmage 201 to a
processor 118 {via connection 122) configured to analvze the mmage 201, The processor 118 is
operably coupled to the memory 120 {via connection 134). The processor 1R receives the data
from the x-ray apparatus 112, as well as data stored wn memory 120, 1o determine whether there
1s a defect and whether action must be taken. As will be described below, such actions may
imclude rejecting a packaged product 100, adjusting the supply of mgrediemts at the product

formation subsystem 104, and adjusting the flow rate at the filling subsystem 106, The processor
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P18 can also geperate an output 121, which may comprise a display or report containing data
relaied to the packaged products 100,

0831} The processor 118 may be any type of properly progranumed processing device, such as a
computer or microprocessor, configured for executing computer program instructions {e.g. code).
The processor 118 may be embodied in computer anddor server hardware of any suttable type
{e.g. desktop, laptop, nowebook, tablets, cellular phones, etc.) and may include all the usual
ancillary componenmts necessary to form a functional data processing device including without
limitation a bus, software and data storage such as volaule and non-volatile memory,
mputfonipat devices, graphical user imterfaces (GUls), removable data storage, and wired andfor
wireless communication interface devices including Wi-Fi, Bluetooth, LAN, etc. The processor
118 1s configured with specific algonithms to enable it perform the functions discussed herein.
{0032} The memory 120 can be any device tor storing data or programs, meluding a chip or disk.
Further, the memory 120 need not form s own device, but can form part of other components,
such as the processor 118

{0033} The process for identifving defects n x-ray images 201 and classifving such defects will
now be described. Referring to Figure 2, three x-ray tmages 201 taken by an x-ray apparatus 112
are shown, sach having a different type of product defect. In the ideal case, the x-ray mnage 201
of the packaged product 100 would have an even color, indicating no vanations in the density of
the product 101, Low-density areas, corresponding to voids, however, appear as bright regions.
it will be appreciated that the acceptability of void type defects 1o consumers is dependent upon
factors such as the size, location, and shape of the defect.

0034} Figure 2A shows an x~ray mage 201 in which a spin hole 202 is present. Such defects
often have a tornado shape that extends from the top of the product package 103 downwardly.
Such a defect can be caused by filling the package 103 too quickly as related to the product’s
viscosity. A spin hole 202 can often be prevented by adjusting the fill rate at the filling
subsystem 106

[0035] Figure 2B shows an x-ray image 201 m which an aiv cell 204 is present. An air cell 204
18 a hubble-like void and 15 generally found fowards the center of the product package 103, An
air cell 204 s typically cansed by the product 101 viscosity being too thick. An air cell 204 can

often be prevented by altering the product mixture at the product formation subsystem 104,

-~}
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{0036} Figure 2C shows an x-ray inage 201 in which a side void 206 is present. A side void 206
1s sinufar to an air cell 204, but is located at the side of the package 103. Like an air cell 204, a
side void 206 is typically caused by the product 101 viscosity being too thick and can often be
prevented by altering the mixture at the product formation subsystem 104,

{00371 It 1s to be anderstood that the foregoing defects are not the only types of defects that can
ocour in a packaged product 100, Voids at the bottom or corner of the package 103 are examples
of other types of defects that could be identified.

0038} In the exemplified embodiment, the processor 118 uses data from the x-ray umages 201 to
detect defects i the packaged product 100, The processor 118 can use pixel analvsis o review
the image 201. In the exemplified embodiment, the processor 118 further utilizes contowr
analysis of the x-ray images 201, By also using contour analysis, the manner in which the x-ray
image 201 1s collected is more flexible. Variations in the cahibration of the smaging hardware, or
even in the hardware itself, are readily tolerated.

{8039 The detection of defects by contour analysis is based on the asswmption that the contours
10 present in the image 201 contain all of the information required to identify the defect. The
system need not perform analysis on the points within the contours 10, This reduces the amount
of data processed. The use of contour analysis with pixel analvsis is therefore capable of being
less computationally expensive than the use of pixel analysis alone. The combined use of
contour analysis and pixel analysis can also utilize algorithms which are less complex than those
generally used for pixel analysis alone. In alternative embodiments, the disclosed system can use
contour analysis without pixel analysars,

{0040} A contour 10 s understood as a boundary between twe regions, more specifically, the
population of pixels that separate an object {the defect) from the background (the product 101}
The contours 10 identified will be in the form of a mathematical description of the boundaries in
the image 201, Figores 2A to 2C show contowrs 200 created by the respective defects 202, 204,
206. These defects form bounded contours 200 that will be discussed below.

{0041} Referring now to Figure 3, the contour analysis of the exemphfied embodiment is
discussed.  The contowr analysis uses as iy put the pixels representing the contour 18 A
starting point 12 is selected.  An elementary vector of mit length 14 describing the offset
between the siarting point 12 and a second point 16 on the contour 10 is identified. A further

elementary vector 18, describing the offset between the second point 16 and a third point 20 on
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the contour 10 is then generated, and so on. The contour 10 is scanved m this way until i has
been fully descrnibed. Each vector 1s in the form of a complex wamber, & + b, where “a7 is the x-
axis offset between two adjacent parts and “b” is the y-axis offset between the two points. A
series of vectors describing the contour 10 of Figure 3 is shown in the box at the right of the
Figure.

[0042] Referring now to Figure 4, a process is shown for determining whether fo reject a given
packaged product 100, As discussed above, an x-ray image 201 is first generated by the x-ray
apparatus 112 {step 302).

j0043] Next, using the aforementioned contour analysis, the exemplified process detects at least
one bounded contour 200 in the image 201 (step 304). A bounded contour 200 is understood as
a contour 10 that forms & boundary arcumd a given region of the image 201, For example, m
Figure 2C, the contour 200 encircles a region at the center of the x-ray image 201 thereby
bounding air cell 204, The area of the bounded contour 200 is referred to as the bounded area
208,

{0044} A bounded contour 200 can also be formead by both a contour 200 and the package 103 of
the product 101, whereby the contouwr 200 and g portion of the package 103 collectively form a
boundary arcund a regron of the image 201, The defects in Figures 2A and 2C are examples in
which the bounded contoar 200 is fonmed in part by a contour 200 and in part by the package
103 of the product 10}, Contours 10 which do not define {or with a package 103 define) a closed
boundary are unlikely to correspond to defects and therefore can be excluded from further
analysis.

j0045] The next step of the exemplified process is to determine the bounded area 208 for each
bounded contowr 200 {step 306). Standard programming techmgues can be used to carry out this
determination. In other embodiments, this step can be omitted.

{0046] Next, the process determines for each hoonded contour 200 whether the bounded contouwr
200 15 a threshold defect (step 308). In the exemplified embodiment, this determmation of
whether a bounded countour 200 15 a threshold defect is based on the bounded area 208 of the
bounded contour 200, Speaifically, the determination 1s based on a ratio of the bounded area 208
to a total area of g packaged product portion 210 of the x-ray image 201. The packaged product
poriion 210 of the x-ray image 201 15 understood as the portion of the x-ray image 201

attributable to the packaged product 100, For convenence, the x-rav images 201 of Figures 2A

9
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to 2C show only the packaged product portion 210,

{6047} By basing the determination of a threshold defect on the ratio of the bounded area 208 to
a total area of a packaged product portion 210 of the x-ray image 201, the system can determine
whether the threshold defect constitutes a significant portion of the overall packaged product
100, In other emwbodiments, the threshold defect determumation can be based sumply on an
empirical value of the bounded area 208, or a factor unrelated to the area of the defect, such as
location or shape. Reducing the number of contours 10 to be processed allows the method to be
run more gquickly. Small contours 10 will correspond to small defects and neglecting these
defects may be appropriate depending on the natare of the product 101 and consumer
expectations. Additional filtering of the contours 10 may be carried out as desired.

[6048] In the exemplified embodiment, any contours 10 which are within regions bounded by a
larger contour 200 may be excluded from the analysis. Generally, analysis of the internal
features of defects does not vield useful information. Filtering the contours 10, 200 m this way
reduces the number of calculations pertormed subsequently without impacting negatively on the
results obtained.

[6049] If there is not a threshold detect, the product package 103 can proceed to the packaging
subsystem 116 (step 310} But if a threshold defect 15 detected, for each threshold defect the
process calcalates the severity score and classifies the defect type based on the plurality of pre-
determined defect types (step 312} In the exemplified embodunent, the severity score is based
on the bounded area 208 of the bounded contour 200, specifically, the ratio of the bounded area
208 to a total area of a packaged product portrion 210 of the x-ray image 201, In alternative
embodiments, the severity score can be based on the bounded area 208 alone, or on another
factor such as location or shape of the defect.

[0050] A plurality of pre~determined defect types is stored in memory 120, In the exemplified
embodiment, the defect types include the aforementioned spin hole 202, air cell 204, and side
void 206, For each threshold defect identified, the process classifies the threshold defect as one
of the pre-determined defect types. The classification can be based on the location of the
threshold defect m a packaged product portion 210 of the x-ray image 201, As discussed above,
the spin hole 202 of Figure 2A is located at the top of the packaged product portion 210, the air
cell 204 of Figure 2B is located toward the middle of the packaged product portion 210, and the

side vord 206 of Figure 2C 15 located at the side of the packaged product portion 210, In other

10
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embodiments, the system can be configured to include pre-determined defect types
corresponding with other locations in the packaged product portion 210, such as at the bottom or
corner of the packaged product portion 210, Further, the classification of the defect type or a
severity score could be based on data from multiple images of the packaged product 100, for
example, images 201 of the packaged product 100 taken from different angles or locations.
[0051] In the exemplified embodiment, the classification of the threshold defect is also based on
a shape of the threshold detfect in a packaged prodoct portion 210 of the x-ray image 201, As
discussed above, the spin hole 202 of Figure 2A takes a tornado shape, while the air cell 204 of
Figure 2B 15 a more circular bubble, and the side void 206 of Figure 2C 15 a longer bubble. In
other embodiments, the classification of the threshold defect can be based on location alone,
shape alone, or anv other factor oy combination of facters discernible from the x-rayv mnage 201,
0032} Based on the calculations m step 312, the exemplified process then determines whether
the product fill is adequate (step 314} If it &5, the product package 103 can proceed to the
packaging subsystem 116 (step 310} If it 15 not, the processor 118 instructs the rejection
mechanism 14 to remove the packaged product 100 from processing {step 316). Figure 1 shows
the processor H® i communication with the memory 120 {via connection 134) and the rejection
mechamism 114 (via connection 132). If the data from the x-ray apparatus 112 (along with the
data stored in memory 120} canses the processor 118 {o conclode that the product package 103 is
not adequately filled, the processor 118 sends instructions to the rejection mechanism 114 to
remove the packaged product 100,

[O033] In the exemplified embodiment, the rejection of a packaged product 100 is based on the
calculated severity score and the classified defect type.  In other embodiments, the rejection can
be based on alternative or additional factors. For example, the rejection can be further based on
the sum total of the bounded areas 208 of the identified threshold defects, or a comparison of this
sum total to the total area of a packaged product portion 210 of the x-ray image 201,
Alternatively, the rejection could be based on multiple images 201 of the packaged product 100
taken from different angles or locations

[0054] The rejection mechanism 114 of the exemplified embodiment s configwed to
mechanically remove packaged products 100 from the processing system 1o a bin upon rejection.
iIn other embodiments, the rejection mechanismn 114 can divert the packaged produoct 100 to any

alternative destination, such as an inspection system or porrection svstem. Further, this removal
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can be performed by any variety of means.

{0035} The above process can be repeated for a plurality of packaged products 100, Further, the
system can be configured to discontinue the process based on the image analysis. In such an
event, the processor 118 can send a signal to the convevor system 102 {via connection 130) 1o
discontinue the process antd further action is taken.

[0056] The disclosed system and method can also be configured to determine the source of a
threshold defect.  In the cxemplified embodunent, this determination is based on the
classification of the threshold defect.

{0057} As discussed above, an air cell 204 or side void 206 is typically cansed by the viscosity of
the packaged product 100 being too thick. Such defects can often be prevented by altering the
mixture at the product formation subsystem {04, In the exemplified embediment, the system
determines that the viscosity of the product 101 18 the source of the least one of the threshold
defects in the packaged product 100 based on the at least one of the threshold defects being
classtfied as an air cell 204 or a side void 206 that s formed durmg a retort process. Further, the
process can include adjusting the supply of one or more of the plurality of ingredients 1o adjust
the viscosity of the prodoct 101 being formed in the muxer fo minimize andfor eliminate the
formation of air cell 204 or side void 206 in a subsequent packaged product 100, Such
adjustments can be carried out by adjusting valves or pumps or other mechanisms at the product
formation subsystem 104,

[B038] As alse discussed above, @ spin hele 202 can be caused by filling the package 103 wo
guickly, and can often be prevented by adjusting the tlow rate at the filling subsystem 106, In
the exemphified embodiment, the svsteny determines that the flow rate at the filling subsystem
106 1s the source of the least one of the threshold defects in the packaged product 1080 based on
the at least one of the threshold defects being classified as a spin hole 202. Further, the process
can include adjusting the flow rate at the filling subsystem 106 to prevemt future defects to
minimize and/or elinvinate the formation of threshold defects in a subsequent packaged prodact
100. The flow rate can be altered by adjusting valves or pumps or similar mechanisms at the
flling subsystem 106

{0059] The determination of the source can be made by the processor 118 and the adjustment
can be performed auiomatically by the processor 118 sending an instruction to the product

formation subsysteny 104 via connection 128 or o the Dlling subsystem 106 via connection 126,
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in other embodiments, a human operator can determine that the source of the threshold defects
based on the classification of the threshold defects. Further, a hwman operator can carry ouot the
adjustment at the product formation subsystem 104 or filling subsystem 106.

{0060} The processor 118 can be further configured to generate an output 121 for a packaged
product 100 or a plurality of packaged products 100, the output 121 being transmitted via
connection 124, In the exemplified embodiment, the output 121 compuses data including, for
each threshold defect, the classified defect tvpe and a severity score. The output 121 can mclude
additional data, such as a suspected source of the defect, the time of the x-ray 1mage 201, and an
wdentifier for the packaged product 100, This output data can be utilized in a variety of ways.
The data can be displaved on an electronic display adjacent the processing system for operators
to review. The data can alternatively be used as a basis for a printed report. The data can be
shown in raw format {with minimal processing), or it can be analyzed and shown i alternative
formats, such as tables or charts summanzing results, or even alerts notifying an operator of a
particular 1ssue.

{0061} The systerm may be configured to store data relating o the images 201 processed to the
memory 120, The saved data may include the severity score and classified defect type for each
image 201 processed. The svstem may further provide statistical analysis of the saved data, for
example identitying the frequency of occurrence of each type of defect. Such data are usefud for
wdentifying production problems, and for tracking the effects of changes to production processes.
{68062] The aforementioned processes may be provided as a computer program or stored s a
computer readable medium meloding computer executable instructions for performing the
method. The nature of the computer readable medium is not particalarly linuted, The medium
may be magnetic, oplical, magneto optical, flash storage, network-accessed storage or the like.
Other media may be used.

{0063} Various modifications to the cxemplified embodiments may be made.  The
aforementioned connections betwean the components of the system can take varions forms,
mchuding wired and wireless connections,  Further, two or more of the components way be
formed integrally with one another. For examaple, the processor 118 and memory 120 may be
formed mtegrally with the x-ray apparatus 112, Further, components such as the rejection
mechanism 114 are optional. Variants of rejection mechanism 114 may be used. For example,

the rejection mechamsm 114 may be replaced by a sorting mechanism tor sorting packaged
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products 100 based on instructions from the processor 1184,

6064} While the mvention has been described with respect to specific examples including
presently preferred modes of carrving out the invention, those skilled i the art will appreciate
that there are numerous variations and permutations of the above described systems and
techniques. 1t is {0 be understood that other embodiments may be utilized and structural and
functional modifications may be made without departing from the scope of the present invention.
Thus, the spirit and scope of the mvention should be construed broadly as set forth in the

appended claims.
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CLAIMS

WHAT IS CLAIMED IS:

i

[
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ha

]

6.

A method for forming a packaged product and ensuring that the packaged product is
adequately filled, the method comprising

a) forming a product;

b} introducing the product into a package, thereby forming a packaged product;

¢} obtaining an x-ray tmage of the packaged product utilizing an x-ray apparatus;

d} analvzing the x~ray image utifizing a processor to identify whether bounded
contours exist in the x-ray image;

g} for each of the bounded comtours identified m step d), the processor
deternuning whether the bounded confour s a threshold defect based at least mparton a
bounded area of the bounded contour;

1 tor vach of the threshold defects identified in step ), the processor classifving
the threshold defect as one of a plurality of pre-determined defect types; and

2} determining a source of at least one of the threshold defects in the packaged
product based at least in part on the classification of the at least one of the threshold
defects.

The method according to claim | wherein in step ) the processor classifies the threshold
defect as one of the plurality of pre-determined defect types based at lzast in part on a
location of the threshold defect 2 packaged product portion of the x-ray image.

The method according to any one of claims 1 to 2 wherem in step ) the processor
classifies the threshold defect as one of the plurality of pre-determined defect types based
at least in part on a shape of the threshold defect in a packaged product portion of the x-
ray unage.

The method according to any one of claims 1 to 3 wherein the identification of the
threshold defect in step e} is based on an empirical value of the bounded area.

The method according to any one of claims 1 10 4 wherem the identification of the
threshold defect wn step e} 1s based on a ratio of the bounded area 1o a total avea of a
packaged product portion of the x-ray image.

The method according to any one of claims 1 to § wherein the plurality of pre-determined

defect types mcludes g spin hole, an air cell, and a side void.

fa
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The method according to any one of claims 1 to 6 wherein step a) comprises:

a~1) supplying a plurality of ingredients to a mixer; and

a-2) mixing the plurality of ingredients to form the produet, the product having a
viscosity.
The method according to claim 7 figther comprising:

wherein step g) comprises determining that the viscosity of the product is the
soarce of the least one of the threshold defects in the packaged product based on the at
feast ong of the threshold defects being classified as an air cell or a side voud that s
formed during a retort process; and

h} adjusting the supply of one or more of the pluraluy of ingredients to adjust the
viscosity of the product being formed in the mixer to mininuze andior ¢iminate the
formation of threshold defects 1n a subsequent packaged product.
The method according to claim & wherem step g) 18 performed by the processor, and
wheretn step h) is performed automatically by the processor sending nstroctions to a
product formation subsystem that includes the mixer and an ingredient supply apparatus.
The method according to any one of claims | to 7 wherein step b) comprises dispensing
the product into the package at a flow rate, the method hurther comprising:

wherein step g} comprises determining that the flow rate of the product in step b)
is the source of the least one of the threshold defects in the packaged product based on
the at least one of the thresheld defects being classified as a spin hole; and

by adiusting the flow rate of the prodoect bemng dispensed m step b
The method according to clamn 10 wherein step g} s performed by the processor, and
wherein step h) 15 performed automatically by the processor sending instroctions to a
filling subsystem that dispenses the preduct into the package.
The method according to any one of ¢claims 1 to 11 wherein step ) comprises:

f-1) the processor classifying the threshold defect as one of the phurality of pre-
determined defect types; and

£.2) the processor generating an output for the packaged product comprising data
including the classified defect tvpe of each threshold defect classified i step 1) for the
packaged product and a severity score for each threshold defect classified m step £-1), the

severity score based at least in part on the bounded area of the contour.

16
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13 The method according to claim 12 further comprising:
rejecting the packaged product based on at least one of (i) the sevenity score of at
feast one of the threshold defects and (i1) the classified defect tvpe of the at least one
threshold defect.
14, The method according to any one of claims 1 to 13, wherein the bounded contours of the
x-ray image are formed parttally by the product and partially by the package.
15, A system for forming packaged products, the system comprising:
a produet formation subsystem configured to form a gel or paste product;
a filling subsvstem configured to dispense the product into packages to form
packaged products;
an x-ray apparatus configured to generate an x-ray image of each of the packaged
products;
a memory device configured to store g plurality of pre-determimed defect types;
and
a processor operably coupled to the x-ray apparatus and the memory device, the
processor configured to: (1) analyze the x-ray images to determine whether bounded
contowrs exist in the x-ray mnages; (2) for each of the bounded contours, determine
whether the bounded contowr is a threshold defect based at least in part on the bounded
area of the bounded contour; and (3) for each of the threshold defects, classify the
threshiold defect as one of a plurality of pre-determined defect types.
1. The system according to claim 15 further comprising:
a package enclosing subsystem configured to enclose the packages having the
product theren; and

a retort subsystem configured to cook the packaged product.

o~

The system according to claim 16 further comprising:

a conveyor system for transporting the packaged product from the filling
subsystem to the package enclosing subsvystem, from the package enclosing subsystem to
the retort subsystem, and from the refort subsystem to the x-ray apparatus.

18 The system according to any of claims 1S 1o 17, wherein the processor is further

configured to determine a source of at feast one of the threshold defects in the packaged

-
o |
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product based at least wy part on the classification of the at least one of the threshold
defects.
The system according to any of claims 15 to 18 wherein the classification of the threshold
defect as one of the plurality of pre-determined defect types 1s based on a location of the
threshold defect 1 a packaged product portion of the x-ray image.
The system according 1o any of claims 15 o 19 wherein the classification of the threshold
defect as one of the plurality of pre-determined defect types is based on a shape of the
threshold defect i a packaged product portion of the x-ray image.
The system according to any of claims 15 to 20 wherein the plorality of pre-determined
defect types includes a spin hole, an air cell, and a side void.
A method for ensuring a packaged product is adequately filled, the method comprising:

a} generating an x~ray image of the packaged product;

by} detecting at least one bounded coutour 1n the image;

¢} for cach bounded contour detected 1 step b)), {1} determinmg a bounded area
and (i1} identifving whether the bounded contour is a threshold defect based the bounded
ared;

d} for each of the threshold defects identified in step ¢), (i} calculating a severity
score based on the bounded area and (1) classifying the threshold defect as one of a
plurality of pre-determined defect types; and

£} rejecting the packaged product based on the severity score and the classified
defect type.
The method according to claim 22 wherein the classification of the threshold defect as
one of the plarality of pre~-deternuned defect fypes in step d} is based at least in part on a
location of the threshold defect in a packaged product portion of the x-ray image.
The method according to sny one of clatms 22 1o 23 wherein the classification of the
threshold defect as one of the plurality of pre-determined defect types in step d) s based
at teast in part on a shape of the threshold defect 1 a packaged product portion of the x-
ray image.
The method according to any one of claims 22 o 24 wherein the identification of the

threshold defect m step ¢ is based on an empirical value of the bounded avea.
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The method according to any one of claims 22 to 23 wherein the identification of the
threshold defect in step ¢ 1s based on a ratio of the bounded area to a total area of a
packaged product portion of the x-ray image.
The method according to any one of claims 22 to 26 wherein the plurality of pre-
determned defect types mcludes a spin hole, an air cell, and a side void,
The method according to any ong of claims 22 to 27, wherein the rejection of the
packaged product in step e is further based on a sum total of the at least one bounded
area determined m step ¢).
The method according to any one of claims 22 to 28, further comprising:
) repeating steps a) to d) for a plurality of packaged products:
g discontinung the repeating of steps a) to d), the discontinuation based on the
calculated severnity scores and the classified threshold defects.
A system for ensuring packaged products are adequately filled, the svstem comprising:
an x-ray apparatus configared to generate an x-ray image of a packaged product
in a processing systeny;
a memory device configured to store a plurahity of pre-determined defect tvpes;
a rejection mechanism configured to remove the packaged product from the
processing systeny; and
a processor operably coupled to the x-ray apparatus, the memory device, and the
rejection mechanisi, the processor configured to:
detect at least one bounded contour in the image;
for each of the bounded contours, (i) determune a bounded area and (11}
identify whether the bounded contour i3 a threshold defect based the bounded
area;
for each of the identified threshold defects, (1) calculate @ severity score
based on the bounded area and {11} classify the threshold defect as one of a
phurality of pre-deternuned defect types; and
send an instraction to the rejection mechanism to remove the packaged
product from the processing system, the sending of the instruction based on the

severity score and the classified defect type.

19



Tad
2%

Lot
e

Lpk
e

WO 2016/105441 PCT/US2014/072456

The system according to claim 30, wherein the processor s further configured to
determine a source of at least one of the threshold defects i the packaged product based
at least in part on the classification of the at {east one of the threshold defects.

The system according to any of claims 30 to 31 wherein the classification of the threshold
defect as one of the plurality of pre-determined defect types is based at least in part on a
tocation of the threshold defect in a packaged product portion of the x-ray image.

The system according to any of claims 30 to 32 wherein the classification of the threshold
detect as one of the plurality of pre-deternuned defect types is based at least in part on a
shape of the threshold defect in a packaged product portion of the x-ray image.

The system according o any of claims 30 to 33 wherein the identification of the
threshold defect is based on an empirical value of the bounded area.

The system according to any one of claims 30 to 34 wheremn the identification of the
threshold defect 1s based on a ratio of the bounded ares o a total area of & packaged
product portion of the x-ray image.

The svstem according to any one of clamms 30 10 35 wherein the plurality of pre-

determined defect types includes a spin hole, an air cell, and a side void.
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